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Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future 

Workshop – March 18–21, 2025, Universidad 

Tecnológica de El Salvador, San Salvador, El Salvador. 
 

For centuries, Western logical thought has predominantly relied upon the principles of non-
contradiction and the pursuit of absolute certainty. Yet, when confronted with contemporary 
challenges—spanning artificial intelligence to ecological sustainability—this traditional logic 
often falls short in capturing the complexity, ambiguity, and plurality of perspectives inherent in 
real-world contexts, particularly within the dynamic and multifaceted realities of Latin America.  

 

In contrast, alternative logics offer more flexible frameworks. Paraconsistent logics, for 
instance, accept contradiction, while neutrosophy embraces contradiction, indeterminacy, and 
novelty as legitimate paths toward deeper, more contextualized understanding. As certain 
contemporary philosophers suggest, paradox may not signify a failure of reason but rather serve 
as a gateway to higher insight. 
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Building on this foundation, this special issue of Neutrosophic Sets and Systems fosters a 
dialogue between neutrosophic frameworks and Latin American worldviews, many of which have 
long cultivated knowledge systems that transcend classical dualisms. Notably, the Amerindian 
perspectivism offers an ontological and epistemological framework challenging rigid separations 
between subject and object, human and non-human, life and technology. Within this approach, 
difference is not erased but negotiated, acknowledged, and interwoven. 

 

 

 

 

 

 

 

 

 

 

 

 

Crucially, this volume recognizes the foundational contributions of Latin American thinkers to 
the global development of non-classical logic. Extending beyond paraconsistency, the 
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epistemology and logical framework developed by Florentin Smarandache, the founder of 
neutrosophy, are particularly relevant. His work champions a pluralistic approach, explicitly 
designed to handle the inherent indeterminacy and contradiction found in reality. This pluralism, 
rooted in concepts like MultiAlism (the co-existence of multiple truth states), deeply reflects the 
hybrid, complex, and often paradoxical nature of Latin American experiences and epistemologies, 
offering tools developed with such complexities in mind. These collective contributions, emerging 
from or resonating strongly with the Global South, provide essential foundations for 
contemporary advancements and reaform Latin America’s role in constructing a pluriversal logic. 

 

 

 

 

 

 

 

 

 

 

In resonance with this pluralistic perspective, a rethinking of the relationship between 
technology and cosmology is invited. This approach recognizes that technology is never 
developed in a vacuum; each technical system inherently reflects the cultural and metaphysical 
worldview from which it emerges. Consequently, the notion of a universal or neutral technology 
gives way to the understanding that multiple technosocial trajectories exist, each shaped by 
distinct cosmologies. This view finds strong parallels in Latin American Indigenous philosophies, 
which often embody relational, reciprocal, and cyclical understandings of time, life, and 
knowledge. 
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This understanding challenges the monocultural educational paradigm that often overshadows 
local and Indigenous knowledge systems. Education for the future, it is argued, must be grounded 
in an ecology of knowledge—a transgressive and emancipatory alliance between the 
epistemologies of the global North and South. Integrating ancestral languages and knowledges—
technical, symbolic, spiritual, and ecological—becomes not only a matter of justice but a necessity 
for planetary sustainability. Local epistemologies, particularly from Afro-Caribbean and Afro-
Latin American contexts, are critical for co-constructing futures centered on mutual correction, 
allocentric thinking, and epistemological pluralism. His concept of relational universalism 
envisions an education that restores dignity, cognitive diversity, and symbolic security, notably 
through decolonizing curricula and revaluing ancestral knowledge holders as educators. 
 

 

 

 

 

 

 

 

 

 

 

 

This methodological opening directly addresses a significant gap in current AI and formal reasoning 

models. As highlighted in recent critiques, the underlying Aristotelian binary logic (true/false, 

either/or) common in many standard Causal AI and statistical models fail to adequately engage with 

complex social realities. Neutrosophic logic offers a powerful alternative precisely because it is 

grounded in MultiAlism. As a generalization of fuzzy and intuitionistic fuzzy logic, it enables the 

simultaneous modeling of degrees of Truth (T), Indeterminacy (I), and Falsity (F). This framework 

inherently supports n-alethic logic, allowing propositions to possess multiple distinct truth values 

simultaneously (e.g., true and false, true and indeterminate). This capacity is crucial for reflecting 

worldviews where ambiguity, paradox, and contradiction are intrinsic components of knowledge—
precisely the kind of complexity found in Afro-diasporic spiritual traditions or Andean notions of ch’ixi 
(complexity/mixture) and yanantin (complementary duality). Indeed, the Chakana (Andean Cross)—a 

sacred symbol representing the tripartite structure of the universe (Hanan Pacha - upper world, Kay 

Pacha - this world, Uku Pacha - inner world) with its central opening symbolizing Chaupi, the portal 

of transition—serves as a potent visual representation of models capable of handling such multi-

valued, n-alethic complexity, embodying knowledge beyond simple binaries. 
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(a)                               (b)                              (c) 

 

 

 

 

a) Maya zero/flower – cyclical time and infinite beginnings, reflecting Indeterminacy (I); 

b) Andean Chakana – the universe’s tripartite structure and its central portal, mirroring the coexistence of 

Truth (T) and Falsehood (F); 

c) Incan textile panel (ch’ixi weaving) – warps that do not merge yet coexist, embodying neutrosophic 

MultiAlism and the Andean notion of ch’ixi. 

 

Building upon these insights, we believe it is both possible and necessary to envision and construct 

a Latin American cosmotechnics—a way of thinking and creating technology rooted in local histories, 

relational ontologies, and ancestral ecological knowledge. This implies not a rejection of artificial 

intelligence or digital innovation, but a reconfiguration of their development and application according 

to principles such as Buen Vivir (Good Living), Ayni (reciprocity), In Lak’ech (you are my other self), 
and ch’ixi. In this vision, technology transcends its role as a mere tool of efficiency or control, becoming 
instead a medium for collective care, territorial autonomy, and ontological plurality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This volume, enriched by contributions stemming from the Workshop on AI and Data Analytics for 

a Sustainable Future (San Salvador, March 2025), showcases the breadth of these applications. Research 

herein explores how ancestral principles like Ayni can be formally modeled using multi-neutrosophic 

methods for ethical AI, and how Indigenous perspectives, such as those shared by the Náhuat Chair in 

El Salvador, inform intercultural dialogue. Diverse neutrosophic tools—including N-alectic reasoning, 

cognitive maps, Z-numbers, linguistic models, plithogenic statistics, N-Soft sets, superhypergraphs, 

and novel consistency measures—are applied across a wide spectrum of Latin American challenges. 

Examples featured in this issue include: evaluating educational quality, teacher performance, and 

pedagogical models in higher education; optimizing business strategies, lean manufacturing, circular 

economy projects, and branding for female entrepreneurship ; improving healthcare diagnostics, 

therapies (e.g., for Diabetes Mellitus or pulmonary conditions in Ecuador), medical decision-making, 

and assessing dental competency; designing sustainable infrastructure like water supply systems and 
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analyzing agricultural sustainability indicators; understanding consumer behavior through 

neuromarketing and sensory analysis; advancing NLP for scientific trend identification; enhancing 

social research methods and collaborative tourism platforms; addressing tax conflicts in SMEs; 

promoting women's inclusion in technology; and bridging neutrosophy with Causal AI and Web3 for 

complex decision-making. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These studies demonstrate concrete applications moving beyond abstract proposals towards 

tangible impacts in AI ethics, intercultural understanding, community well-being, economic 

development, sustainability, and participatory technology design. With this special issue, we aim not 

only to expand the methodological horizons of neutrosophic logic but also to honor and operationalize 

knowledge systems long marginalized by dominant scientific paradigms. By embracing the pluralistic 

epistemology championed by Smarandache and leveraging the capacity of n-alethic and neutrosophic 

models (grounded in MultiAlism) to navigate contradiction and indeterminacy, this endeavor reflects 

both an epistemic and ethical aspiration: to contribute to building more just, inclusive, and context-

aware technologies that recognize diversity as a fundamental value, cosmology as an essential 

framework, and the complex, multi-valued nature of reality as a legitimate pathway to knowledge. 
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Abstract: This article presents the Multi-Neutrosophic Ayni Method, a novel framework that integrates 

Latin American Indigenous philosophies with neutrosophic logic to guide ethical and sustainable AI 

development. Grounded in ancestral principles such as Ayni, Buen Vivir, In Lak’ech, ch’ixi, and nepantla, 
this approach models plural, ambiguous, and context-dependent ethical judgments through Multi-

Neutrosophic Sets (MNS). A key contribution is the introduction of the Euclidean Multi-Neutrosophic 

Consensus Measure, which quantifies the degree of alignment among diverse stakeholders' evaluations 

without erasing epistemic differences. This measure enables the detection of convergence thresholds in 

intercultural deliberation, offering a rigorous yet flexible tool for decision-making. The method is 

illustrated through a case study evaluating the deployment of an AI diagnostic system in an Indigenous 

community. Results show how the iterative application of the Ayni principle—understood as reciprocal 

ethical negotiation—improves both alignment and legitimacy. This work demonstrates that Indigenous 

logics, when formalized through neutrosophy, are not only philosophically rich but also operationally 

valuable for developing just, inclusive, and context-sensitive technologies. 

Keywords: Multi-Neutrosophic Sets; Ayni principle; n-alectic reasoning; intercultural AI ethics; 

Indigenous logic; sustainability; consensus measure 

1. Introduction 

The accelerated development of artificial intelligence (AI) has generated complex ethical and 

sustainability challenges that exceed the capacity of traditional binary frameworks to address. While 

dominant ethical models in AI tend to rely on utilitarian or deontological approaches rooted in Western 

epistemologies [1], these frameworks often fall short in culturally diverse contexts, especially when 

confronted with worldviews that prioritize community, spiritual reciprocity, and ecological 

interdependence [2]. 

Recent scholarship has begun to explore the ethical implications of AI in non-Western contexts [3,4], yet 

there remains a gap in formal tools capable of modeling Indigenous epistemologies in a rigorous and 

transdisciplinary manner. In particular, Latin American Indigenous philosophies—such as Buen Vivir 

(Sumak Kawsay) [5], yanantin [6], ch’ixi [7], In Lak’ech [8], and nepantla [9]—offer conceptual structures that 

transcend dualisms by embracing complementarity, ambiguity, and plural truths. These principles align 
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closely with n-alectic reasoning [10], a logic derived from neutrosophy that allows for the simultaneous 

presence of truth, falsity, and indeterminacy. 

To address this gap, this article introduces a novel methodological framework—the Multi-Neutrosophic 

Ayni Method —designed to model and evaluate ethical dilemmas in culturally heterogeneous 

environments. Drawing from neutrosophic logic and Indigenous philosophies, this method integrates 

mathematical precision with epistemic pluralism, offering a formal structure to navigate complex 

intercultural decision-making. 

The term Ayni [11, 12], an Andean principle of reciprocal relationality, underpins the ethical foundation 

of this method. In Andean thought, Ayni implies that all actions must be balanced by mutual care, dialogue, 

and contextual respect. Applied to AI ethics, Ayni encourages a co-designed, participatory approach that 

recognizes the dignity and agency of all actors—including Indigenous knowledge holders—as co-

evaluators in technological decisions. Thus, the Multi-Neutrosophic Ayni Method honors difference 

without erasure, enabling consensus without requiring homogenization. 

This study is structured as follows: 

• Section 2 reviews key Indigenous cosmovisional principles and explains their n-alectic nature. 

• Section 3 presents the proposed methodology, including the Euclidean Neutrosophic 

Consensus Measure. 

• Section 4 applies the method to an illustrative case involving the integration of AI into an 

Indigenous healthcare system. 

• Section 5 concludes with reflections on the potential of Indigenous logic and neutrosophic 

models to guide sustainable and ethical AI development. 

Through this synthesis of ancestral wisdom and mathematical logic, the article contributes a 

transdisciplinary approach to ethical evaluation—one that is inclusive, pluralistic, and grounded in both 

formal rigor and intercultural sensitivity 

2. Preliminaries  

2.1 Cosmovisional Principles with an N-Alectic Structure 

2.1.1 Buen Vivir (Sumak Kawsay) 

Buen Vivir (in Quechua sumak kawsay, in Aymara suma qamaña)[13], as adopted in the constitutions of 

Andean countries, is a principle that proposes living in fullness and harmony with both the human 

community and nature. More than a simple ideal of life, it constitutes a holistic paradigm that rejects the 

dichotomies characteristic of Western models of development. In its original Andean meaning, sumak refers 

to the ideal and harmonious realization of the world, while kawsay means life understood as a dignified, 

balanced, and fulfilling existence. Other Indigenous peoples share similar notions of “good living” (e.g., 
teko kavi among the Guarani), based on collective harmony [14]. 

This worldview envisions the world as “a house where everyone lives,” emphasizing community, 
family, and the vitality of the territory. In n-alectic terms, Buen Vivir integrates what we could call the 

“truths” of different domains: social well-being, environmental sustainability, and economic prosperity, 

avoiding the prioritization of one at the expense of the others. It recognizes that focusing solely on material 

profit while ignoring social health or the environment is “false” progress; at the same time, neglecting basic 

economic needs does not lead to a fulfilling life either (a “false” idealism) [15]. 

The virtue lies in complementarity: articulating an economy in service of the community and Pachamama 

(Mother Earth) [16], achieving social justice and ecological balance simultaneously. For this reason, 

Indigenous ethics presents itself as a unified system of values intertwining social cohesion, environmental 

sustainability, cultural respect, and spirituality. It is not about static balances, but a dynamic and contextual 

adjustment: each decision must weigh how it affects the entire fabric of life [17]. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 
Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025      

 

 
 
Maikel Y. Leyva Vázquez , Noel Batista Hernandez, Edwin Alberto Callejasand Florentin Smarandache, Multi-Neutrosophic Ayni 
Method Based on Ancestral Logic and N-Alectic Reasoning for Ethical AI and Sustainability 

 

3 

Andean cultures have traditionally prioritized decisions that integrate multiple dimensions—human, 

spiritual, and environmental—in order to maintain ecological and social harmony. This principle demands 

that AI, in order to be ethical, should not pursue an isolated goal (e.g., maximizing economic efficiency) at 

the expense of community well-being or nature. Rather, it should optimize solutions that yield shared gains 

across the social, environmental, and economic domains[18]. 

In practice, guiding AI by the principle of Buen Vivir means developing technologies centered on the 

common good—technologies that strengthen community health and education, respect the limits of 

ecosystems, and equitably distribute their benefits. Any AI system, no matter how powerful, should be 

evaluated by its contribution to this collective and sustainable fullness of life. 

2.1.2 Yanantin – Andean Complementary Duality 

In the Andean worldview, yanantin [19] represents the union of opposing yet interdependent energies—
a Quechua principle often translated as the “complementarity of differences”.  Long before modern 

physics explored the concept of dualities or multi-valued logics emerged in philosophy, Andean peoples 

already conceived of reality as composed of mutually necessary pairs: feminine and masculine, light and 

darkness, sun and moon, mountain and valley. These opposites are neither irreconcilable nor hierarchically 

ordered; rather, they coexist harmoniously to form a unified whole.  

Thus, the dynamic relationship of balanced polarities is considered the fundamental organizing 

principle of creation; existence itself depends on the harmonious exchange between opposing forces, which 

must interact without destroying one another [20]. Logically speaking, each element of the pair may be 

understood as a partial “truth”: each contains valuable and genuine aspects in its own right but also 

remains “false” or incomplete if it attempts to encompass the whole without its counterpart. Greater truth 

emerges from the interaction of both sides. Andean reasoning, therefore, resists the notion that one must 

choose a single side of duality; instead, it seeks a third space of balance in which both halves coexist. 

Neutrosophic logic [21] offers a formal model for this perspective, allowing for intermediate values that 

represent collaboration rather than exclusion between opposites. A “quadruple neutrosophic logic” has 
been proposed to mathematically represent Andean duality: truth (T) and falsity (F) are refined by 

introducing two types of indeterminacy—one inclined toward truth (𝑰𝑻, symbolizing the complementary 

relationship where opposites support one another), and one inclined toward falsity (𝑰𝑭 , symbolizing 

contradictory tension when opposites clash) [10]. This formalization reflects the real-life complexity in 

which opposites may be simultaneously complementary and contradictory. For example, it is traditionally 

said that woman complements man, but she is also sometimes “his contradiction” in everyday 
coexistence—out of the friction between the two arises mutual adjustment and growth. 

When applied to artificial intelligence, the principle of yanantin suggests that the design and deployment 

of technology should value multiple, opposing yet complementary perspectives. A truly ethical and 

effective AI could emerge from the integration of Western scientific knowledge with traditional Indigenous 

wisdom, rather than privileging one and discarding the other [22]. This also implies balancing automation 

with human intervention—not delegating all critical decisions to algorithms devoid of human judgment 

(blind technocracy), nor rejecting technological innovation altogether (sterile Luddism), but instead 

achieving complementary interaction. 

This principle reminds us that in the face of ethical dilemmas, the optimal solution often lies not in 

choosing one extreme but in finding synergy between both [23]. Applied to AI decision-making, yanantin 

would encourage the development of hybrid systems in which AI enhances human capabilities while 

humans supervise and correct AI—creating balanced human-machine teams. Similarly, in AI regulation, 

we must reconcile the freedom of innovation (valued as truth by the economic sector) with social and 

cultural protection (valued as truth by communities and public ethics), aiming for a fertile middle ground. 
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In summary, yanantin invites us to conceive of AI not as a soloist, but as a duet—harmonizing different 

forces to achieve a result that is more complete and balanced than the sum of its parts. 

2.1.3 Ch’ixi Thought – Complementary Contradiction and the Intermediate State 

From the Andean–Aymara worldview emerges the concept of ch’ixi, popularized by Bolivian sociologist 

Silvia Rivera Cusicanqui [24]. Ch’ixi originally refers to a speckled or mottled color—a mixture of black and 

white in which the two do not blend but coexist without canceling one another (Figure 1). In cultural terms, 

Rivera employs the concept to describe a mestizo epistemology where Indigenous and Western elements 

are interwoven without fully synthesizing into a homogeneous whole. It is thus a way of being multiple at 

once: embracing internal contradiction as an integral part of identity. A ch’ixi world is one in which 

different truths and logics coexist in unresolved tension—a “weaving made from both conflict and 
complementarity” [25]. 

 

Figure 1. Ch'ixi Harmony: Threads of Coexistence. Image created using generative artificial intelligence (ChatGPT with 

DALL·E model, OpenAI, 2024). Graphic representation inspired by the Andean philosophy of ch'ixi, illustrating the 

coexistence of diverse identities without homogeneous mixing. 

 

This intermediate space (taypi in Aymara) [26] is “full of tensions” but also of creative vitality, as new 
possibilities emerge from continuous friction without any one perspective establishing hegemony. In 

Andean textile metaphors, the taypi ch’ixi represents the center of the fabric, balancing symmetries and 

rhythms, allowing threads of opposing colors to form a complex pattern (Figure 1). As an n-alectical 

structure, ch’ixi embodies the idea that something can be both true and false depending on context, or that 

two contradictory statements may be simultaneously sustained without mutual cancellation. For instance, 

a person may feel fully Indigenous and yet modern, without needing to choose a singular identity—both 

“truths” coexist in the individual, even though they may appear mutually exclusive from the standpoint 
of classical logic [27]. 

This concept challenges the Aristotelian principle of non-contradiction, aligning more closely with 

fuzzy or paraconsistent logics [28], in which a proposition may be partially true and partially false at the 

same time. Ch’ixi thought invites one to “voluntarily inhabit discomfort and questioning,” embracing 
ambiguity rather than rushing to resolve it. This discomfort is fertile—it enables antagonistic perspectives 

to coexist and engage in dialogue. 

In the ethics of AI, a ch’ixi approach is valuable for addressing the uncertainties and incompatibilities 

that arise in the interaction between modern technologies and traditional cultures. For example, when 

introducing a medical diagnostic AI system into an Indigenous community, tensions may surface between 

the Western biomedical worldview (based on data and molecular biology) and the community’s traditional 
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medicine (rooted in spirituality and herbal knowledge). A conventional approach might view these as 

mutually exclusive—one must be imposed as “true,” the other dismissed as “false superstition.” In 
contrast, a ch’ixi perspective would aim for coexistence [29]: AI might be used for rapid disease detection, 

while traditional treatments are simultaneously respected and practiced for other conditions or for the 

patient's spiritual balance. The two visions are not forcibly merged but allowed to interact in creative 

tension, combining the strengths of each. 

This contradictory pluralism acknowledges that not everything can be perfectly integrated—ideological 

frictions will persist—yet collaboration in pursuit of shared goals (such as community health) remains 

possible. Similarly, in the realm of data, a ch’ixi approach would accept that the Western notion of 

individual data ownership and the Indigenous view of knowledge as sacred and communal may clash [30]. 

Rather than enforcing a single data policy, a dual system could be designed: some data are governed by 

traditional community protocols (e.g., prior consultation, collective consent), while others are managed 

through modern frameworks—both structures coexisting within the digital ecosystem. 

Such “informational mestizaje” may seem inconsistent to purists on either side, but ch’ixi teaches that 

from apparent incoherence may arise a more inclusive and resilient practice, better adapted to real-world 

complexity. In sum, ch’ixi contributes to ethical AI by promoting comfort with contradiction: the capacity 

to design systems in which different logics coexist and solutions are not uniform but patchworked, flexible, 

and context-specific—reflecting diversity without erasing it. 

2.1.4 In Lak’ech – Relationality and Universal Reciprocity 

In Lak’ech is an expression of Mayan wisdom and simultaneously a deeply relational ethical principle. 

Commonly translated as “I am another you; you are another me,” it encapsulates the notion that individual 
existence has no meaning in isolation from others. Although the authenticity of this exact phrase has been 

debated—and according to specialists, it is not commonly used in daily conversation among Maya speakers 

and may represent a very literal translation—the phrase still accurately conveys the essential Mayan 

philosophical idea of interconnectedness and collectivity. As the Yucatec tradition explains: “I do not exist 
without you, and you do not exist without me. Therefore, you and I exist through our relationship. 

The Mayan worldview [32] conceives the universe as a vast web of interdependence: individuals, 

communities, animals, plants, winds, spirits, and ancestors are all interconnected, and nothing exists apart 

from its relationships. Each being exists because it participates in a greater we, which also includes nature. 

From this stems an ethic of reciprocity: “If I respect you, I respect myself; if I harm you, I harm myself.” 
This is not merely a poetic metaphor but a literal understanding of reality: the harm done to another 

being—human or nonhuman—inevitably reflects back since individual identity is constituted by relational 

ties. 

 

 

 

 

 

 

Figure 2. Joya de Cerén archaeological site, known as the "Pompeii of the Americas," El Salvador. Photograph taken by the 

authors, depicting Maya ruins with residential structures exceptionally preserved due to a volcanic eruption around 

600 AD 
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In this context, the Mayan concept of zero (nik'), a mathematical and cosmological innovation, reinforces 

the non-dual and cyclical character of this worldview (Figure 3). Far from representing mere absence, the 

Mayan zero signifies a moment of transition, a state of potentiality from which life and time emerge and 

return. This idea resonates with neutrosophic logic, especially in its n-alethic formulation, which allows for 

the coexistence of truth (T), falsehood (F), and indeterminacy (I) within any proposition. Just as zero is not 

an absolute void but a threshold within a cycle, In Lak’ech reflects a relational ethics where meaning arises 

from dynamic interconnection rather than isolated certainty. Both systems—Mayan and neutrosophic—
reject rigid binaries and embrace multiplicity, change, and contextual knowledge as fundamental. As Batz 

[33] explains, the Mayan zero is a vital symbol of interdependence, echoing the ontological commitments 

of relational philosophies like neutrosophy. 

 

Figure 3. Representation of the Maya zero (Nik) as a flower in the Codex Fejérváry-Mayer. This image, taken from a pre-

Columbian Aztec codex of central Mexico, illustrates cosmological and calendrical symbolism. The right panel 

emphasizes the depiction of Nik, the Maya concept of zero, as a floral glyph. Adapted from Batz [33], retrieved from 

https://baas.aas.org/pub/2021n1i336p03/release/2. 

 

Within a neutrosophic n-alectical framework, In Lak’ech can be understood as a transcendence of the 

self–other duality through a third mediating term: the we. Rather than viewing the self and the other as 

mutually exclusive, this Mayan principle affirms both relational unity and individual distinctiveness—
"you are another me" implies not fusion, but co-existence. This philosophical tension finds resolution in 

community, which functions as an inclusive middle ground. A powerful symbol of this duality-in-unity is 

the Maya concept of zero [34]. Far from denoting absolute nothingness, the Maya zero signifies a fertile 

void, a moment of pause, transition, and interconnected potentiality. This symbolic neutrality echoes the 

indeterminate (I) component in neutrosophic logic, where meaning and value exist in fluctuating degrees 

of truth, falsity, and indeterminacy, shaped by relational and contextual dynamics. 

Applied to AI ethics, In Lak’ech demands a reorientation from extractive, anthropocentric approaches 

toward a relational ethics grounded in reciprocity and interconnectedness. Decisions must consider all 

members of the web of life—humans, nonhumans, and the environment—as part of a unified web. This 

principle calls for inclusive practices in data governance, especially with respect to Indigenous sovereignty 

and participatory design. Echoing the regenerative symbolism of the Maya zero, AI systems should be 

conceived not as tools of domination, but as technologies of care—restorative acts that reflect our 

interconnected self. In this sense, In Lak’ech becomes a guiding ethic for developing AI that nurtures rather 

than exploits, embedding in every algorithm a recognition of the Other as integral to the Self. 

https://baas.aas.org/pub/2021n1i336p03/release/2
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2.1.5 Nepantla as an N-Alethic Threshold: Creative Ambiguity and Sustained Transition 

The concept of nepantla, originating from Nahuatl, refers to being “in-between” or in “no man’s land”—
a liminal space between two worlds, cultures, or states of being. Beyond its linguistic connotation, thinkers 

such as Gloria Anzaldúa [35] have reclaimed nepantla as an existential and political category that allows 

one to inhabit simultaneously both the old and the new, the imposed and the original, without erasing the 

tensions that arise between them. Nepantla thus becomes a state of fertile ambiguity, where certainties are 

fractured, but where new identities, expanded worldviews, or more integrative value systems can also 

emerge. 

From the standpoint of n-alethic reasoning, nepantla is not a state of paralysis or irresolvable 

contradiction, but rather a complex configuration in which elements of truth (T), falsehood (F), and 

indeterminacy (I) coexist. This logic, developed within the framework of Florentin Smarandache’s 
neutrosophy, breaks away from classical binary logics by allowing ideas, beliefs, or systems to be evaluated 

not only as true or false, but also as partially true, contradictory, or uncertain to varying degrees. In this 

sense, nepantla represents a genuinely neutrosophic space—where knowledges in tension coexist, and 

where the boundaries between opposites blur, giving rise to hybrid possibilities[36]. 

Applied to the field of sustainability, nepantla can be interpreted as the threshold of transition between 

an unsustainable paradigm and an emerging one. In this transitional zone, decisions and actions are 

imbued with uncertainty: old structures persist while new ones have yet to consolidate [37]. From a 

conventional logic perspective, this period might appear chaotic or unproductive; yet from an n-alethic 

standpoint, this intermediate state is both necessary and revealing. It allows us to recognize that there is no 

single pathway toward a sustainable future, but rather multiple trajectories that must engage in dialogue, 

complement, or even contradict one another in order to foster authentic transformation. 

Nepantla, as experienced by many Indigenous communities, especially under the pressures of 

colonization and globalization, represents a cultural and epistemic space where ancestral knowledge and 

modern technologies like AI intersect. This “technological nepantla” embodies creative tension rather than 
contradiction, making it fertile ground for applied neutrosophy. Within an n-alethic framework, nepantla 

becomes a dynamic threshold—a space of ambiguity and coexistence—through which new, inclusive, and 

sustainable forms of knowledge and governance can emerge. 

2.2 MultiNeutrosophic Sets and N-Alethic Logic to Represent Epistemic Plurality 

In order to formally model the complex, fluid, and often contradictory structures that characterize 

Indigenous epistemologies—such as Nepantla, In Lak’ech, Ch’ixi, Yanantin, and Buen Vivir—we turn to the 

framework of Neutrosophic Logic. This advanced logic enables the simultaneous representation of truth, 

falsehood, and indeterminacy, offering a formal structure for n-alethic reasoning. The foundational 

elements of Neutrosophic Sets, along with their refined and multi-valued extensions, provide the 

mathematical tools necessary to express these ancestral concepts not as symbolic metaphors, but as 

rigorous components of ethical, sustainable, and intercultural systems design [38]. 

 

The following definitions outline the basic constructs of Neutrosophic Sets: 

Definition 1 [39]: The Neutrosophic set N is defined by three membership functions: the truth-

membership function 𝑻𝑨 , the indeterminacy-membership function 𝑰𝑨 , and the falsehood-membership 

function 𝑭𝑨, with U representing the Universe of Discourse. and 𝐱𝐔, 𝑻𝑨(𝒙), 𝑰𝑨(𝒙), 𝑭𝑨(𝒙)] 𝟎− , 𝟏+[, and 𝟎−  𝐢𝐧𝐟 𝑻𝑨(𝒙) + 𝐢𝐧𝐟 𝑰𝑨(𝒙) + 𝐢𝐧𝐟 𝑭𝑨(𝐱)  𝐬𝐮𝐩 𝑻𝑨(𝐱) + 𝐬𝐮𝐩 𝑰𝑨(𝐱) + 𝐬𝐮𝐩 𝑭𝑨(𝐱)𝟑+. 

According to the definition, 𝑻𝑨(𝒙), 𝑰𝑨(𝒙) , and 𝑭𝑨(𝒙)  are real standard or non-standard subsets of ] 𝟎− , 𝟏+[ and hence, 𝑻𝑨(𝒙), 𝑰𝑨(𝒙) and 𝑭𝑨(𝒙) can be sub-intervals of [𝟎, 𝟏]. 𝟎−  and 𝟏+ belong to the set 

of hyperreal numbers. 
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Definition 2 [40]: The Single-Valued Neutrosophic Set (SVNS) 𝑨  over 𝑼  is 𝑨 =  {<𝒙, 𝑻𝑨(𝒙), 𝑰𝑨(𝒙), 𝑭𝑨(𝒙) > : 𝒙𝑼} , where 𝑻𝑨: 𝑼→[𝟎, 𝟏], 𝑰𝑨: 𝑼→[𝟎, 𝟏]  and 𝑭𝑨: 𝑼→[𝟎, 𝟏] . 𝟎 𝑻𝑨(𝒙) + 𝑰𝑨(𝒙) +𝑭𝑨(𝒙) 𝟑 .The Single-Valued Neutrosophic Number (SVNN) is symbolized by 𝑵 =  (𝒕, 𝒊, 𝒇 ) , such that 𝟎 𝒕, 𝒊, 𝒇  𝟏 and 𝟎 𝒕 + 𝒊 + 𝒇𝟑. 

Indigenous cosmovisional principles such as nepantla, In Lak’ech, ch’ixi, yanantin, and Buen Vivir (Sumak 

Kawsay) embody ways of thinking that challenge traditional binary logics by operating within an n-alethic 

structure—one in which truth, falsehood, and indeterminacy coexist. This logic can be formalized through 

the Refined Neutrosophic Set (RNS), which decomposes the classical components of neutrosophic logic 

into sublevels of truth (𝑇ᵢ), indeterminacy (𝐼ᵢ), and falsehood (𝐹ᵢ), along with its isomorphic model, the 

MultiNeutrosophic Set (MNS). These structures make it possible to accurately represent complex, 

ambiguous, or transitional contexts—precisely the types of realities described by these ancestral principles 

[10]. 

Thus, both Refined Neutrosophic Sets [41] and MultiNeutrosophic Sets[42] not only enable the 

representation of these n-alethic structures but also support their application in fields such as AI ethics, 

sustainability, and intercultural decision-making. This articulation between advanced mathematical logic 

and ancestral wisdom not only validates Indigenous epistemologies in formal terms but also enriches the 

understanding and design of technological systems that are more just, inclusive, and in harmony with life. 

Definition 3 [42]. The Subset Refined Neutrosophic Set (SRNS). Let 𝒰 be a universe of discourse, and a 

set 𝑅 ⊂ 𝒰. Then a Subset Refined Neutrosophic R is defined as follows: 𝑅 = {𝑥, 𝑥(𝑇, 𝐼, 𝐹), 𝑥 ∈ 𝑈}, where T 

is refined/split into p sub-truths, 𝑇 = 〈𝑇1, 𝑇2, … 𝑇𝑝〉, 𝑇𝑗 ⊆ [0,1], 1 ≤ 𝑗 ≤ 𝑝 ; I is refined/split into r sub-

indeterminacies, 𝐼 = 〈𝐼1, 𝐼2, … 𝐼𝑟〉, 𝐼𝑘 ⊆ [0,1], 1 ≤ 𝑘 ≤ 𝑟,  and F is refined/split into s sub-falsehoods, 𝐹 =〈𝐹1, 𝐹2, … 𝐹𝑙〉, 𝐹𝑠 ⊆ [0,1], 1 ≤ 𝑙 ≤ 𝑠, where 𝑝, 𝑟, 𝑠 ≥  0 are integers, and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at least 

one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥  2 to ensure the existence of refinement (splitting). 

Definition 4 [42]. The MultiNeutrosophic Set (or Subset MultiNeutrosophic Set SMNS). Let 𝒰 be a 

universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 ={𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈,where 𝑝, 𝑟, 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2  and at 

least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2, to ensure the existence of a multiplicity of at least one neutrosophic component: 

truth/membership, indeterminacy, or falsehood/non-membership; all subsets 𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠  ⊆ [0,1];  0 ≤∑ 𝑖𝑛𝑓 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠𝑙=1     

This expression establishes the general bounds for refined or multi-valued neutrosophic components. 

It states that the sum of the minimum values (infima) of all truth, indeterminacy, and falsehood 

components must be greater than or equal to zero, while the sum of their maximum values (suprema) must 

not exceed a total value n. This allows for flexible modeling of complex systems with multiple 

subcomponents of truth, uncertainty, and falsehood, without imposing additional restrictions on their 

distribution. 

The element x, with respect to the set M, is characterized by a MultiDegree of Truth (or 

MultiMembership), represented by the values 𝑇1, 𝑇2, . . . , 𝑇𝑝 ; a MultiDegree of Indeterminacy (or 

MultiNeutrality), given by 𝐼1, 𝐼2, . . . , 𝐼𝑟 and a MultiDegree of Falsehood (or MultiNonmembership), 

expressed as 𝐹1, 𝐹2, . . . , 𝐹𝑠  . Each of these values captures distinct contributions from various sources, 

enabling a more nuanced representation of the element's status within the set. All these 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥
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 2 components are assigned by 𝑛  sources—whether fully independent, partially interdependent, or 

entirely dependent—according to the needs of each specific application [43]. 

This multi-source structure resonates with the n-alethic logic of Indigenous philosophies, where 

multiple, sometimes contradictory, perspectives coexist without requiring resolution. Each truth, 

indeterminacy, or falsehood—provided by different experts or contexts—mirrors the plurivocality of 

ancestral thought, which values coexistence over binary reduction. 

A generic element x with regard to the MultiNeutrosophic Set A has the form: 

 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝;  𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) 

multi-truth  multi-indeterminacy multi-falsehood 

 

In many particular cases 𝑝 =  𝑟 =  𝑠 , and a source (expert) assigns all three degrees of truth, 

indeterminacy, and falsehood 𝑇𝑗, 𝐼𝑗 , 𝐹𝑗 for the same element. 

The ranking of n-valued MultiNeutrosophic types of the same (p, r, s)-form, (𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠), where 𝑝, 𝑟, 𝑠  are integers  ≥  0, and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at 

least one of 𝑝, 𝑟, 𝑠 ≥  2 to be sure that it has multiplicity for at least one neutrosophic component (either 

truth, or indeterminacy, or falsehood). 

For ranking two n-valued multi neutrosophic tuples of the forms (𝑝1, 𝑟1, 𝑠1)  and respectively (𝑝2, 𝑟2, 𝑠2),  where 𝑝1, 𝑟1, 𝑠1, 𝑝2, 𝑟2, 𝑠2  are integers ≥ 0 , and 𝑝1 + 𝑟1 + 𝑠1 = 𝑛1 ≥ 2,  and at least one of 𝑝1, 𝑟1, 𝑠1𝑖𝑠 ≥ 2, to be sure that there is multiplicity for at least one neutrosophic component (either truth, or 

indeterminacy, or falsehood); similarly 𝑝2 + 𝑟2 + 𝑠2 = 𝑛2 ≥ 2, and at least one of 𝑝2, 𝑟2, 𝑠2 𝑖𝑠 ≥ 2. 
Let’s take the following Single-Valued Multi Neutrosophic Tuples (SVMNT): 𝑆𝑉𝑀𝑁𝑇 = (𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) of (𝑝1, 𝑟1, 𝑠1) − 𝑓𝑜𝑟𝑚, and   𝑆𝑉𝑀𝑁𝑇′ = (𝑇′1, 𝑇′2, . . . , 𝑇′𝑝; 𝐼′1, 𝐼′2, . . . , 𝐼′𝑟; 𝐹′1, 𝐹′2, . . . , 𝐹′𝑠) of (𝑝1, 𝑟1, 𝑠1) − 𝑓𝑜𝑟𝑚. 

It makes the classical averages of truth (𝑇𝑎), indeterminacies (𝐼𝑎) and falsehood (𝐹𝑎), respectively for 𝑆𝑉𝑀𝑁𝑇 = (𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) and the averages of truths (𝑇𝑎), indeterminacies (𝐼𝑎) and falsehood (𝐹𝑎) respectively 

for: 𝑆𝑉𝑀𝑁𝑇 = (𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎). And then it applies the Score (𝑆), Accuracy (𝐴), and Certainty (𝐶) Functions, 

as for the single-valued neutrosophic set: 

Compute the Score Function (average of positiveness) (7). 

𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎 + (1 − 𝐼𝑎) + (1 − 𝐹𝑎)3  

            (1) 𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇′𝑎 + (1 − 𝐼′𝑎) + (1 − 𝐹′𝑎)3  

i. If 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 
ii. If 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 

iii. And if 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′, then go to the second step. 

Compute the Accuracy Function (difference between the truth and falsehood) (8). 
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𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎 − 𝐹𝑎 

           (2) 𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇𝑎′ − 𝐹𝑎′ 
i. If 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 

ii. If 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 
iii. And if 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′, then go to the third step. 

3. Compute the Certainty Function (truth) (9). 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎  

           (3) 𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇𝑎′ 
i. If 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 

ii. If 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 
iii. And if 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)  then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′  are multi-neutrosophically 

equal, i.e.  𝑇𝑎 = 𝑇𝑎’ , 𝐼𝑎 = 𝐼𝑎’ , 𝐹𝑎 = 𝐹𝑎’ , or their corresponding truth, indeterminancy, and 

falsehood averages are equal. 

When some sources contribute with different levels of importance, weighted averages are used, denoted 

as 𝑇𝑤𝑎 , 𝐼𝑢𝑎 , 𝐹𝑣𝑎 and 𝑇′𝑤𝑎 , 𝐼′𝑢𝑎 , 𝐹′𝑣𝑎 ,and for the respective multi-neutrosophic tuples. Since the sources may 

be fully independent, partially independent, or dependent, the sum of the weights is not constrained to 

equal one. Therefore, the weights 𝑤1, 𝑤2, … , 𝑤𝑝, 𝑢1, 𝑢2, … , 𝑢𝑝, 𝑣1, 𝑣2, … , 𝑣𝑝are defined within the interval 

[0,1], and their sums may be less than, equal to, or greater than 1. The Score, Accuracy, and Certainty 

functions are then applied to these weighted averages to establish a more nuanced ranking of the multi-

neutrosophic elements. 

3. Material and Methods  

 

This study employs Multi-Neutrosophic Sets (MNS) as a formal mechanism to represent the coexistence 

of diverse ethical judgments in culturally heterogeneous environments. In neutrosophic logic, any 

proposition—such as “This AI system improves community health”—is evaluated in terms of its truth 

value (T), indeterminacy (I), and falsity (F), each ranging independently from 0 to 1. The refined version 

allows for multiple sources or degrees of each component: 𝑇 =  {𝑇1, 𝑇2, … , 𝑇𝑝},  𝐼 =  {𝐼1, 𝐼2, … , 𝐼𝑟}, and 𝐹 = {𝐹1, 𝐹2, … , 𝐹𝑠}, reflecting plural and possibly conflicting viewpoints. 

This structure is ideal for n-alethic reasoning, which embraces the coexistence of truths, falsehoods, and 

uncertainties without enforcing binary resolution. Particularly in AI ethics applied to healthcare, the 

interplay between ancestral knowledge systems and algorithmic models generates zones of ambiguity 

(nepantla) and contradiction (ch’ixi), which require ethical reasoning attuned to tension, dialogue, and 

negotiated consensus. 

This paper introduces an approach referred to as the Multi-Neutrosophic Ayni Method, which is 

inspired by the Andean principle of Ayni—a form of reciprocal and ethical co-existence that values balance, 
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mutual respect, and dynamic harmony—this method models the ethical interplay between diverse sources 

of judgment without forcing unification [12]. Rather than eliminating differences, it honors them through 

a formal structure that enables negotiated convergence. The name reflects both the mathematical 

foundation in neutrosophic logic and the intercultural epistemology it seeks to respect and operationalize. 

As a novel contribution, this article introduces a Neutrosophic Consensus Measure [44] based on 

Euclidean distance, designed to quantify the degree of alignment—or divergence—among the various 

evaluations provided by multiple sources. Rather than imposing agreement, this measure preserves the 

integrity of plural perspectives while offering a metric to identify convergence zones in intercultural ethical 

deliberation. Such an approach enhances decision-making processes by foregrounding epistemic diversity 

as a strength rather than a limitation. 

Definition 5: Euclidean Multi-Neutrosophic Consensus Measure 

Let  𝒙(𝑻𝟏, 𝑻𝟐, . . . , 𝑻𝒑;  𝑰𝟏, 𝑰𝟐, . . . , 𝑰𝒓;  𝑭𝟏, 𝑭𝟐, . . . , 𝑭𝒔)           (4) 

be a Multi-Neutrosophic assessment of an element 𝑥 ∈ 𝑈, where each component reflects values from 

distinct sources. 

Let:  

𝑇̅ = 1𝑝 ∑ 𝑇𝑗𝑝𝑗=1                  (5) 

𝐼 ̅ = 1𝑟 ∑ 𝐼𝑘𝑟𝑘=1                  (6) 

𝐹̅ = 1𝑠 ∑ 𝐹𝑙𝑠𝑙=1                  (7) 

Then, the Neutrosophic Consensus Measure 𝐶𝑥  is defined as: 

𝐶𝑥 = 1 − 13  (√1𝑝 ∑ (𝑇𝑗 − 𝑇̅)2𝑝𝑗=1 + √∑ 1𝑟 (𝐼𝑘 − 𝐼)̅2𝑟𝑘=1 + √1𝑠 ∑ (𝐹𝑙 − 𝐹̅)2𝑠𝑙=1 )     (8) 

where 𝒑, 𝒓, and 𝒔 represent the number of truth, indeterminacy, and falsity values, respectively, and 𝒏 =𝒑 + 𝒓 + 𝒔 is the total number of neutrosophic values. 

The result 𝑪𝒙 ∈ [𝟎, 𝟏], where: 𝑪𝒙 = 𝟏 indicates maximum consensus (no dispersion), 𝑪𝒙 ≈ 𝟏 indicates minimum consensus (maximum dispersion). 
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This measure reflects the degree of alignment among diverse sources, without requiring exact 

agreement, making it especially suited for ethical evaluations in intercultural and plural settings. 

To operationalize plural ethical evaluation in culturally diverse contexts, this study proposes the Multi-

Neutrosophic Ayni Method—a stepwise approach that integrates ancestral relational ethics (Ayni) with 

neutrosophic logic to assess the acceptability of socio-technical systems. The method proceeds as follows 

(Figure 4): 

 

Figure 4. Multi-Neutrosophic Ayni Method 

Step 1: Multi-Stakeholder Identification 

 

Identify a diverse set of stakeholders involved in or affected by the proposed intervention. These may 

include technical experts, community elders, traditional knowledge holders, public officials, and other 
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relevant actors. Define a consensus threshold (θ), where θ ∈ [0, 1], as a predefined value that depends on 

the context. 

Step 2: Neutrosophic Elicitation 

Each stakeholder evaluates a given ethical proposition (e.g., “This AI system is beneficial and ethically 

appropriate”) in terms of: 

• Truth (T) – perceived ethical and practical validity. 

• Indeterminacy (I) – uncertainty or unresolved concerns. 

• Falsehood (F) – perceived ethical harm or inappropriateness. 

Each component can be expressed as a set of degrees 𝑇 = {𝑇1, … , 𝑇𝑝},  𝐼 = {𝐼1, … , 𝐼𝑟},  𝐹 = {𝐹1, … , 𝐹𝑠}, forming 

a Multi-Neutrosophic Tuple. 

Step 3: Compute Aggregated Values 

Calculate the average of each component: 

𝑇̅ = 1𝑝 ∑ 𝑇𝑗𝑝𝑗=1 , 𝐼 ̅ = 1𝑟 ∑ 𝐼𝑘𝑟𝑘=1 , 𝐹̅ = 1𝑠 ∑ 𝐹𝑙𝑠𝑙=1           (9) 

Step 4: Calculate Neutrosophic Score and Accuracy 

Use the score function: 

𝑆 = 13 (𝑇̅ + (1 − 𝐼)̅ + (1 − 𝐹̅))                     (10) 

and the accuracy function: 

𝐴 = 𝑇̅ − 𝐹̅                     (11) 

These values provide a quantitative reflection of collective ethical alignment and divergence. 

Step 5: Compute the Euclidean Multi-Neutrosophic Consensus Measure 

To assess the level of convergence among stakeholders, calculate 𝐶𝑥   (8). 

Consensus Threshold Rule: If 𝐶𝑥 < 𝜃, a new deliberative round is initiated to address dissent and refine 

the proposal. 
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Step 6: Ayni-Based Adjustment 

If the consensus threshold is not met, a culturally grounded process of Ayni is activated: 

• Stakeholders openly express concerns and expectations. 

• Proposals are ethically renegotiated through community logic, rituals, or symbolic mediation. 

• Adjustments are made to the technological design or implementation strategy. 

Step 7: Re-evaluation and Iteration 

 

A second (or subsequent) neutrosophic evaluation is conducted with updated values. If the consensus 

threshold is now exceeded, the proposal moves forward with intercultural legitimacy. Otherwise, further 

dialogue and reformulation may be required. 

This method acknowledges plural truths, dynamic uncertainties, and situated falsehoods, without 

forcing premature resolution. It promotes ethical alignment not through top-down authority, but through 

dialogical convergence rooted in both formal logic and ancestral reciprocity. As such, the Multi-

Neutrosophic Ayni Method constitutes a replicable, flexible, and culturally sensitive approach to ethical 

decision-making in AI-driven health systems and beyond. 

4. Illustrative Case – Evaluating an AI Health Diagnostic System in an Indigenous Territory 

 

A regional health authority proposes implementing an AI-powered diagnostic system trained on 

biomedical data to assist in early disease detection within an Indigenous community. The system uses 

symptom pattern recognition and predictive modeling to suggest potential diagnoses. 

However, the community has a longstanding tradition of ancestral medicine, based on holistic 

principles involving herbal treatments, spiritual diagnosis, and community rituals. The proposed system, 

while technically promising, raises epistemic tensions with local healers and elders. 

To evaluate the ethical acceptability of the project, a community assembly is convened. Participants 

include: 

• Medical AI developer: values the diagnostic precision and scalability of the AI system. 

• Traditional healer (yachak): emphasizes the risk of spiritual imbalance and cultural erosion. 

• Community leader: seeks integration but is uncertain about long-term implications. 

• Public health representatives highlight potential public health benefits. 

• Young community members: express openness but with questions about trust and respect. 

Each participant offers a multi-neutrosophic evaluation of the proposition: 

“The AI system will be beneficial and ethically appropriate for our community health practices.” 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 
Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025      

 

 
 
Maikel Y. Leyva Vázquez , Noel Batista Hernandez, Edwin Alberto Callejasand Florentin Smarandache, Multi-Neutrosophic Ayni 
Method Based on Ancestral Logic and N-Alectic Reasoning for Ethical AI and Sustainability 

 

15 

Situation: The community assembly analyzes the AI project using the Multi-Neutrosophic Ayni Method 

method. 

1. Sources of truth (T): 

o p = 3 evaluators (AI developer, public health officer, youth representative) 

o Assigned values: 𝑇 = {0.90, 0.40, 0.30} 

These values reflect a wide range of perceptions—from strong optimism to skepticism—
regarding the system’s technical capabilities and alignment with public health goals. 

2. Sources of indeterminacy (I): 

o r = 2 evaluators (community leader, youth representative) 

o Assigned values: 𝐼 = {0.80, 0.20} 

This reflects divergent views about cultural compatibility, governance, and trust in AI 

technologies 

3. Sources of falsity (F): 

o s = 2 evaluators (traditional healer, elder community member) 

o Assigned values: 𝐹 = { 0.85, 0.25} 

Concerns range from a strong sense of epistemic and spiritual conflict to a more moderate 

skepticism regarding the erosion of ancestral medical practices. 

Final Multi-Neutrosophic Tuple: 

AIHealthProject(0.90, 0.40, 0.30}, {0.80, 0.20}, {0.85, 0.25}) 

Averaged Components: 

• Truth (T̄) ≈ (0.90 + 0.40 + 0.30)/3 = 0.533 

• Indeterminacy (Ī) ≈ (0.80 + 0.20)/2 = 0.50 

• Falsity (F̄) ≈ (0.85 + 0.25)/2 = 0.55 

Neutrosophic Score Function: 

𝑆 = T̄ + (1 − Ī) + (1 − F̄)3 = 0.533 + 0.50 + 0.453 ≈ 0.494 

Accuracy: 

𝐴 = T̄ − F̄ = 0.533 − 0.55 = −0.17  
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Consensus Measure (Cₓ): 

Cₓ ≈ 0.57 

 

Interpretation: 

   Therefore, the Neutrosophic Consensus Measure for the AIHealthProject is approximately 0.57, 

indicating a moderate level of consensus among the different evaluations. This is closer to agreement (1) 

than complete disagreement (0). Importantly, the Euclidean Multi-Neutrosophic Consensus Measure (Cₓ ≈ 

0.57) falls below the pre-established threshold of 0.9, signaling a lack of sufficient convergence among 

stakeholder perspectives 

Collective Action and Ayni-Based Adjustment: 

   In response to the unmet consensus threshold, the community assembly activated a participatory 

process grounded in Ayni—the Andean principle of reciprocity and relational balance: 

• Traditional healers requested formal inclusion of ancestral diagnostic knowledge in the proposed 

system. 

• Youth representatives called for mechanisms to ensure transparency and ongoing participatory 

monitoring of the AI’s performance. 
• A decision was made to pilot the system in parallel with existing traditional practices, rather than 

replacing them. 

• The community reached agreement on data governance guided by customary law and collective 

consent protocols. 

• This dialogical and culturally grounded refinement process led to a second neutrosophic 

evaluation with increased consensus and improved alignment between technical innovation and 

cultural integrity. 

Second Evaluation (after adjustments): 

• New values: 𝑇 = {0.85,0.85,0.75}, 𝐼 = {0.30,0.25}, 𝐹 = {0.40,0.30} 
 

AIHealthProject({0.85,0.85,0.75},{0.30,0.25},{0.40,0.30}) 

• New averages: 𝑇𝑎 = 0.82,  𝐼𝑎 = 0.275, 𝐹𝑎 = 0.35 

• New Score: 𝑆 = 0.82 + 0.275 + 0.653 ≈ 0.73 

• New Accuracy: 𝐴 = 0.82 − 0.35 = 0.47 
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• Consensus Measure: 

• 𝐶𝑥≈0.94 

    The second evaluation shows a notable improvement in both the score (S ≈ 0.73) and accuracy (A = 
0.47), indicating stronger ethical support and clearer differentiation between perceived benefits and harms. 

Crucially, the consensus measure 𝐶𝑥 reached 0.94, which is well above the pre-established threshold of 0.9, 

signifying high alignment among stakeholders. 

This outcome reflects the success of the Multi-Neutrosophic Ayni Method in facilitating intercultural 

negotiation without suppressing dissent. Through transparent dialogue and culturally sensitive 

adjustments, the community was able to refine the project and co-construct an ethical pathway forward. 

The method thus served as both a quantitative decision-making tool and a relational, epistemically plural 

mechanism—offering a replicable model for inclusive AI adoption in diverse health systems. 

5. Conclusions  

This work introduces an innovative framework for evaluating the ethics of artificial intelligence and 

sustainability by integrating n-alectic reasoning with Latin American Indigenous philosophical principles. 

By incorporating Buen Vivir, yanantin, ch’ixi, In Lak’ech, and nepantla, it demonstrates that Indigenous 

worldviews inherently reflect dynamic, complementary, and non-binary logic structures. These can be 

rigorously formalized through Refined and Multi-Neutrosophic Sets, enabling the representation of 

multiple truths, uncertainties, and contextual ethical values. This approach offers a powerful ethical lens 

for assessing AI technologies in intercultural and ecologically sensitive contexts, as illustrated by the case 

study on Indigenous health. 

Beyond logical modeling, the article contributes the Multi-Neutrosophic Ayni Method—a culturally 

rooted decision-making process that blends neutrosophic consensus with ancestral ethics of reciprocity. 

The inclusion of the Euclidean Multi-Neutrosophic Consensus Measure offers a practical tool to assess 

ethical alignment without suppressing diversity, reinforcing the importance of pluralistic deliberation in 

technology governance. Future directions include exploring weighted consensus metrics that reflect 

epistemic authority or community trust, and applying the framework in areas like climate adaptation, 

educational technologies, and Indigenous land-use planning. Ultimately, this work invites scholars and 

practitioners to engage in intercultural dialogue, co-design technologies with communities, and embrace 

plural logics that nurture life, diversity, and planetary care. 
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Abstract. The circular economy model, based on the reduction, reuse, and recycling of resources, is gaining increas-
ing importance in today's society, particularly in sustainability. This research examines incorporating ancestral 
knowledge into this paradigm, addressing the connection between interculturality and sustainable resource man-
agement. Ancient communities have cultivated knowledge about natural resource management, recycling, and 
preservation that can be useful for contemporary circular economy strategies. Through an intercultural study, the 
multiple ways in which native and traditional cultures contribute to the circular economy are recognized, often with 
practices that have endured for centuries. However, the incorporation of this knowledge into contemporary legisla-
tive and economic contexts encounters multiple obstacles, including cultural, financial, and political barriers. The 
objective of this article is to evaluate three projects integrating ancestral Peruvian knowledge with the circular econ-
omy. Five experts evaluated these projects. The mathematical tool we used is Neutrosophic N-Soft Sets, where each 
object is associated with a grade on a scale from 0 to N-1, where N is a natural number greater than 1 and also a 
Single-Valued Neutrosophic Number. This ensures decision-making in multi-attribute problems where uncertainty 
is explicitly taken into account. 

 
Keywords: Ancestral knowledge, Circular Economy, N-Soft Set, Single-Valued Neutrosophic Number, Single-Val-

ued Neutrosophic Set, Neutrosophic N-Soft Set.

1. Introduction 

The circular economy is an economic model that seeks to minimize waste and catch the most of avail-
able resources. Unlike more conventional economics, where products are manufactured, used, and then 
discarded, the circular economy proposes keeping resources in use for as long as possible through strat-
egies such as recycling, reuse, and repair. It also proposes minimizing, eliminating, or reusing, if possible, 
the byproducts generated during the process, which constitute waste that pollutes the environment. 

Among the principles of the circular economy are (1) designing zero-waste products so that they are 
durable, repairable, and recyclable; (2) keeping products in use where repair, reuse, and sharing are en-
couraged; (3) regenerating natural systems to ensure that waste is biodegradable or can be reintegrated 
into nature without causing harm. This model has environmental, social, and economic benefits, such as 
reducing carbon emissions, creating jobs in green sectors, and saving production costs. 

Ancestral knowledge is knowledge passed down from generation to generation, developed by indig-
enous peoples through observation, practice, and interaction with their environment. This knowledge 
encompasses areas such as agriculture, medicine, spirituality, farming, and environmental management. 

In the specific case of Peru, ancestral knowledge is deeply linked to indigenous cultures such as the 
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Incas and other pre-Columbian civilizations. Some notable examples include (1) the use of advanced ag-
ricultural techniques that optimize the productivity of mountainous terrain and ensure efficient irriga-
tion; (2) the use of medicinal plants to alleviate some of the community's illnesses; (3) the study of astron-
omy, which ancient Peruvians used to predict agricultural cycles; and (4) the development of textiles to 
create fabrics with designs that convey stories, cultural symbols, and spiritual practices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Notable Ancestral Knowledge Examples in Peru 
This figure illustrates key areas of ancestral knowledge in Peru: (1) agricultural techniques for optimizing crop yield, (2) the 

use of medicinal plants for health remedies, (3) astronomy for predicting agricultural cycles, and (4) textile development with 

cultural significance. These traditional practices reflect sustainable solutions and cultural continuity. 

 
This knowledge is not only a cultural legacy but also offers sustainable solutions to contemporary 

problems, such as climate change and biodiversity loss. Preserving it is key to maintaining cultural iden-
tity and harnessing its wisdom for the benefit of the future. 

The study of the integration of ancestral knowledge into the circular economy, from an intercultural 
perspective, is particularly relevant in the Peruvian context, given the country's rich cultural heritage and 
biodiversity. In Peru, where diverse Indigenous communities have sustainably man-aged their natural 
resources for centuries, applying this traditional knowledge to the circular economy model can offer in-
novative avenues for sustainable development. This intercultural approach not only enriches circular 
economy practices with proven methods of resource efficiency but also promotes broader socioeconomic 
inclusion of historically marginalized communities. 

By exploring how the principles of the circular economy can be aligned with ancestral knowledge, 
this analysis offers a framework for public policies that foster economic growth that is both inclusive and 
environmentally friendly. Consequently, this study contributes significantly to the global conversation 
on sustainability and presents a replicable model that is respectful of local cultural practices. 

Researcher D. Molodtsov introduced the concept of Soft Set, which generalizes the well-known fuzzy 
sets by L. Zadeh, to deal with uncertainty, where it is not necessary to define a membership function [1-
5]. In 2018, Fatimah et al. introduced N-Soft sets where the studied objects are ordered according to grades 
concerning a parameter or attribute [6-11]. On the other hand, Neutrosophic N-Soft Sets associate with 
each element of the N-Soft Set a triple of values to represent the degree of truthfulness, indeterminacy, 
and falsity of each grade for all the attributes [12-15]. This last extension allows taking into account the 
indeterminacy inherent to each evaluation. 

In this paper, we use the opinions of a group of five experts in the circular economy and ancestral 
knowledge to evaluate how three circular economy integration projects with ancestral knowledge in Peru 
perform according to six dimensions. 

To meet the proposed objective, we divide the article into a Materials and Methods section where we 
recall the fundamental concepts of Soft Sets, Single-Valued Neutrosophic Sets, N-Soft Sets, and Neutro-
sophic N-Soft Sets. This is followed by an evaluation section. The final section presents the article's con-
clusions. 
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2. Materials and Methods 

This section summarizes the main concepts and theories that are part of the theoretical framework of 
this article. Let us start with the definition of Single-Valued Neutrosophic Sets. 

Definition 1 ([16-19]). The Single-Valued Neutrosophic Set (SVNS) N over U is A =  {<x;  TA(x), IA(x), FA(x) > : xU}, where TA: U→[0, 1], IA: U→[0, 1], and FA: U→[0, 1], 0 TA(x)  +  IA(x)  +FA(x)  3. 

It is especially said that a Single-Valued Neutrosophic Number (SVNN) is a triple (𝑇, 𝐼, 𝐹) satisfying 0 𝑇 +  𝐼 + 𝐹  3, so, it is an SVNS for a single value of 𝑥. 

Among the operations with SVNNs, given (𝑇1, 𝐼1, 𝐹1) and (𝑇2, 𝐼2, 𝐹2) the following of them are fulfilled: 

1. (𝑇1, 𝐼1, 𝐹1) ≤𝑁 (𝑇2, 𝐼2, 𝐹2) if and only if 𝑇1 ≤ 𝑇2, 𝐼2 ≤ 𝐼1, and 𝐹2 ≤ 𝐹1, 
2. (𝑇1, 𝐼1, 𝐹1)⋂𝑁(𝑇2, 𝐼2, 𝐹2) = (𝑚𝑖𝑛{𝑇1, 𝑇2}, 𝑚𝑎𝑥{𝐼1, 𝐼2} , 𝑚𝑎𝑥{𝐹1, 𝐹2}), 

3. (𝑇1, 𝐼1, 𝐹1) ∪𝑁 (𝑇2, 𝐼2, 𝐹2) = (𝑚𝑎𝑥{𝑇1, 𝑇2}, 𝑚𝑖𝑛{𝐼1, 𝐼2} , 𝑚𝑖𝑛{𝐹1, 𝐹2}). 

Definition 2 ([1-5]). Given 𝑈 is the initial universe set and 𝐸 is the set of parameters. A pair (𝐹, 𝐸) is 
called a Soft Set (over 𝑈) if and only if 𝐹 is a mapping of 𝐸 into the set of all subsets of 𝑈. 

Therefore, given a set 𝐸 of parameters and fixing a parameter 𝜀 ∈ 𝐸, then 𝐹(𝜀) ∈ 𝒫(𝑈), where 𝒫(𝑈) 
denotes the power set of 𝑈 and 𝐹(𝜀) is considered the set of ε-elements of the Soft Set (𝐹, 𝐸) or the set of ε-approximate elements of the Soft Set. 

In his work, Molodtsov referred to fuzzy sets as a type of soft sets, since the α-levels defined from the 
membership function 𝜇𝐴 satisfy the following property: 𝐹(𝛼) = {𝑥 ∈ 𝑈 | 𝜇𝐴(𝑥) ≥ 𝛼}, α ∈ [0, 1]. Thus, if we know the family 𝐹, then we can reconstruct the func-
tion μA by using the following formula: μA(x) = sup α                         α ∈ [0, 1]𝑥 ∈ 𝐹(𝛼)  

Additionally, given a binary operation * for subsets of the set 𝑈, where (𝐹, 𝐴) and (𝐺, 𝐵) are soft sets 
over 𝑈. Then, the operation * for soft sets is defined as follows: (𝐹, 𝐴)  ∗  (𝐺, 𝐵)  =  (𝐽, 𝐴 ×  𝐵), where 𝐽(𝛼, 𝛽) =  𝐹(𝛼) ∗ 𝐺(𝛽); 𝛼 ∈ 𝐴, 𝛽 ∈ 𝐵, and 𝐴 × 𝐵 is the Cartesian 
product of the sets 𝐴 and 𝐵. 

Definition 3 ([6-11]). Given 𝑈 is the initial universe set, 𝐸 is the set of parameters, and 𝐴 ⊆ 𝐸. Let 𝑅 = {0, 1, 2, ⋯ , 𝑁 − 1} be the set of grades or ratings where 𝑁 > 1. The triple (𝐹, 𝐴, 𝑁) is called an N-Soft Set 

(NSS) over 𝑈, if 𝐹: 𝐴 → 𝒫(𝑈 × 𝑅) is a function where for each 𝑎𝑖 ∈ 𝐴, there is a unique (𝑢𝑗, 𝑟𝑎𝑖(𝑢𝑗)) ∈ 𝑈 × 𝑅 

such that (𝑢𝑗, 𝑟𝑎𝑖(𝑢𝑗)) ∈ 𝐹(𝑎𝑖), 𝑢𝑗 ∈ 𝑈, 𝑟𝑎𝑖(𝑢𝑗) ∈ 𝑅. An NSS can be expressed as: (𝐹, 𝐴, 𝑁) = {(𝑎𝑖, 𝐹(𝑎𝑖)): 𝑎𝑖 ∈ 𝐴} = {(𝑎𝑖, {(𝑢𝑗, 𝑟𝑎𝑖(𝑢𝑗)) : 𝑢𝑗 ∈ 𝑈}): 𝑎𝑖 ∈ 𝐴}   
Where 𝐹(𝑎𝑖) = {(𝑢𝑗, 𝑟𝑎𝑖(𝑢𝑗)) : 𝑢𝑗 ∈ 𝑈}. For (𝑢𝑗, 𝑟𝑎𝑖(𝑢𝑗)) ∈ 𝐹(𝑎𝑖), which could be written as: 𝐹(𝑎𝑖)(𝑢𝑗) = 𝑟𝑎𝑖(𝑢𝑗). 

N-Soft Sets can be represented with the help of a table called the Representation Table of an N-Soft 
Set, see Table 1. 

 
Table 1: Schematic Representation Table of an N-Soft Set. 

 (𝐹, 𝐴, 𝑁)  𝑎1 𝑎2 ⋯ 𝑎𝑞 𝑢1  𝑟𝑎1(𝑢1)  𝑟𝑎2(𝑢1)  ⋯ 𝑟𝑎𝑞(𝑢1)  𝑢2  𝑟𝑎1(𝑢2)  𝑟𝑎2(𝑢2)  ⋯ 𝑟𝑎𝑞(𝑢2)  ⋮  ⋮ ⋮ ⋮ ⋮ 𝑢𝑝  𝑟𝑎1(𝑢𝑝)  𝑟𝑎2(𝑢𝑝)  ⋯ 𝑟𝑎𝑞(𝑢𝑝)  
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Definition 4 ([6-11]). Let (𝐹, 𝐴, 𝑁1) and (𝐺, 𝐵, 𝑁2) be two N-Soft Sets over 𝑈. The operation of conjunc-
tion between them is an NSS (𝐻, 𝐴 × 𝐵, 𝑚𝑖𝑛(𝑁1, 𝑁2)) where, for each 𝑐 = (𝑎, 𝑏) ∈ 𝐴 × 𝐵 and 𝑢 ∈ 𝑈, (𝑢, 𝑟c(u)) ∈ 𝐻(𝑐) ⇔ 𝑟c(u) ≔ 𝑚𝑖𝑛(𝑟a(u), 𝑟b(u)) for (𝑢, 𝑟𝑎(𝑢)) ∈ 𝐹(a) and (𝑢, 𝑟𝑏(𝑢)) ∈ 𝐺(b). 

Definition 5 ([6-11]). Let (𝐹1, 𝐴, 𝑁) and (𝐹2, 𝐵, 𝑁) be two N-Soft Sets over 𝑈. (𝐹1, 𝐴, 𝑁) is a subset of (𝐹2, 𝐵, 𝑁) if the following conditions are satisfied: 

(1) 𝐴 ⊆ 𝐵, 

(2) ∀𝑎𝑖 ∈ 𝐴, and 𝑢𝑗 ∈ 𝑈, 𝑟𝑎𝑖1 (𝑢𝑗) ≤ 𝑟𝑏𝑖2 (𝑢𝑗), where (𝑢𝑗, 𝑟𝑎𝑖1 (𝑢𝑗)) ∈ 𝐹1(𝑎𝑖) and (𝑢𝑗, 𝑟𝑏𝑖2 (𝑢𝑗)) ∈ 𝐹2(𝑏𝑖). 

Thus, (𝐹1, 𝐴, 𝑁) = (𝐹2, 𝐵, 𝑁) if and only if (𝐹1, 𝐴, 𝑁) is a subset of (𝐹2, 𝐵, 𝑁) and (𝐹2, 𝐵, 𝑁) is a subset of (𝐹1, 𝐴, 𝑁). 

Definition 6 ([12-15]). Let 𝑈  be the initial universe set, 𝐸  be the set of parameters, and 𝑅 = {0, 1, 2, ⋯ , 𝑁 − 1} be the set of degrees or ratings where 𝑁 > 1. Also, we consider a non-empty subset 𝐴 ⊆𝐸. Then, 𝜆𝐴 = {(𝑎, Γ𝐴(𝑎)): 𝑎 ∈ 𝐴} is a Neutrosophic N-Soft Set (NNSS). 

Where Γ𝐴(𝑎) = {(〈𝑢, 𝑇𝐴(𝑎)(𝑢), 𝐼𝐴(𝑎)(𝑢), 𝐹𝐴(𝑎)(𝑢)〉, 𝑟𝐴(𝑎)(𝑢)) : 𝑟𝐴 ∈ 𝑅, 𝑢 ∈ 𝑈; 𝑇𝐴, 𝐼𝐴, 𝐹𝐴  ∈ [0, 1]}. 

To better understand this last definition, let us revisit the example that appears in [15]. 

Example 1. Let 𝑈 = {𝑢1, 𝑢2} and 𝐸 = {𝑎1, 𝑎2, 𝑎3}. Consider 𝐴 = {𝑎1, 𝑎2} ⊆ 𝐸. Let us define an N8SS as 𝜆𝐴 = {(𝑎𝑖, Γ𝐴(𝑎𝑖)): 𝑎𝑖 ∈ 𝐴, 𝑖 = 1, 2}, where the N8SS is shown in Table 2 below, 

 

Table 2: Tabular representation of the N8SS of the example. Source: [15]. 

 (𝐹, 𝐴, 𝑁)  a1 a2 𝑢1  6 3 𝑢2  4 5 

 
Now let us define the NN8SS as follows: Γ𝐴(𝑎1) = {(〈𝑢1, 0.8,0.5,0.1〉, 6), (〈𝑢2, 0.6,0.2,0.9〉, 4)}  Γ𝐴(𝑎2) = {(〈𝑢1, 0.5,0.7,0.3〉, 3), (〈𝑢2, 0.7,0.4,0.8〉, 5)}  
The table form of this NN8SS is the following: 
 

Table 3: Tabular representation of the NN8SS of the example. Source: [15]. 

 (𝐹, 𝐴, 𝑁)  a1 a2 𝑢1  (〈𝑢1, 0.8,0.5,0.1〉, 6) (〈𝑢2, 0.6,0.2,0.9〉, 4) 𝑢2  (〈𝑢1, 0.5,0.7,0.3〉, 3) (〈𝑢2, 0.7,0.4,0.8〉, 5) 

3. The Assessment 

This section displays the results of the evaluations performed. Let us begin by determining the di-
mensions (attributes) we use to evaluate. 

The six key dimensions of research on the integration of ancestral knowledge into the circular econ-
omy, with an intercultural approach, in the Peruvian context could include: 

a1. Cultural Dimension: This dimension explores how ancestral knowledge and traditional practices 
can be integrated into contemporary circular economy models. It involves recognizing and valuing in-
digenous and local wisdom in natural resource management and in recycling and reuse techniques that 
have been sustainable for generations. 

a2. Ecological Dimension: Focuses on the application of ancient practices for sustainable resource man-
agement in the circular economy. This includes the study of traditional agricultural systems, such as crop 
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rotation and agroforestry, which could improve the environmental sustainability of modern industrial 
practices. 

a3. Economic Dimension: Analyzes the economic impact of integrating ancestral knowledge into the 
circular economy. This may include the creation of new markets for products derived from sustainable 
practices, the promotion of ecological and cultural tourism, and the development of industries that use 
renewable resources and cleaner production processes. 

a4. Political Dimension: Examines the public policies needed to facilitate the integration of ancestral 
knowledge into the circular economy. This includes an analysis of current legislation, the need for legal 
reforms to protect and promote the use of traditional knowledge, and incentive policies for companies 
that implement sustainable practices. 

a5. Social Dimension: Considers the social aspects of the intercultural circular economy, especially in 
terms of social inclusion and equity. Explores how these practices can improve the quality of life of local 
communities, strengthen cultural identity, and ensure equitable sharing of the economic benefits gener-
ated. 

a6. Technological Dimension: Addresses the adaptation and application of modern technologies to 
complement and enhance ancestral knowledge without compromising its essence. This may include the 
development of technologies that allow for better documentation, preservation, and transmission of this 
knowledge, as well as its integration into larger industrial processes. 

These dimensions facilitate a multidimensional analysis that not only assesses economic and environ-
mental aspects, but also incorporates cultural, social, political, and technological considerations for a com-
prehensive and sustainable approach. 

For the evaluation, the scale shown in Table 4 is used, inspired by the scale that appears in [15]. 
 

Table 4: Measurement scale inspired by the scale used in [15]. 
 

Degree of membership Degree of non-membership Grades 𝑇 =  0 𝐹 =  1 0 0 <  𝑇 ≤  0.2 0.8 ≤  𝐹 <  1 1 0.2 <  𝑇 ≤  0.4 0.6 ≤  𝐹 <  0.8 2 0.4 <  𝑇 ≤  0.6 0.4 ≤  𝐹 <  0.6 3 0.6 <  𝑇 ≤  0.8 0.2 ≤  𝐹 <  0.4 4 0.8 <  𝑇 ≤  1 0 ≤  𝐹 <  0.2 5 
 
Note that Table 4 only indicates the ranges of values for T and F, the value of I is left to the expert's 

discretion in a range from 0 to 1. 
Three projects or programs will be measured to integrate the knowledge of Peruvian Indigenous peo-

ples with the circular economy, these are: 
u1. Regenerative agriculture inspired by ancestral technologies: Implement cultivation systems 

based on pre-Hispanic techniques such as Waru Waru (ridges) or cultivation terraces, which combine sus-
tainable practices with ecological knowledge, promoting soil regeneration and efficient water use. 

u2. Sustainable handicrafts with a circular approach: Developing handcrafted products using tradi-
tional techniques, but with recycled or biodegradable materials. For example, incorporating natural fibers 
from agricultural waste to create textiles, promoting local communities, and minimizing environmental 
impact. 

u3. Bioeconomy and natural medicine: Revalue medicinal plants used by indigenous communities, 
integrating them into a circular production model. 

 
The procedure followed is explained below: 

1. Five experts in Circular Economy or Ancestral Knowledge within the group 𝐸 = {𝑒1, 𝑒2, 𝑒3, 𝑒4, 𝑒5} 
are asked to evaluate the three projects in terms of the 6 possible dimensions using the scale with 
the restrictions shown in Table 4. Note that the value of the indeterminacy is free to be established 
by each expert. 

2. Each of them creates an NN6SS, and its tabular representation is similar to the one shown in Table 
1. 
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3. The NN6SS values of the five experts are aggregated using the arithmetic mean of the correspond-
ing values in the same cell. This gives a final grade and SVNN for each project for each aspect. 

4. The arithmetic mean is calculated for all the attributes of the NN6SS for each of the projects. In 
this way, a grade between 0 and 5 is obtained for each of the projects with its corresponding Sin-
gle-Valued Neutrosophic Number. These grades must be adjusted to an integer value. 

Tables 5-10 below summarize the results of the assessments given by the experts in the form of NN6SS. 
Table 5: Tabular representation of the NN6SSs corresponding to the expert 𝑒1. 

 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.6,0.1,0.4〉,3)  (〈𝑢2, 0.9,0.1,0.1〉,5)   (〈𝑢3, 0.9,0,0.1〉,5)  𝑎2  (〈𝑢1, 0.8,0,0.2〉,4)  (〈𝑢2, 0.8,0,0.2〉,4)  (〈𝑢3, 0.5,0.3,0.6〉,2)  𝑎3  (〈𝑢1, 0.9,0.2,0.1〉,5)  (〈𝑢2, 0.9,0.2,0.1〉,5)  (〈𝑢3, 0.9,0.3,0.1〉,5)  𝑎4  (〈𝑢1, 0.5,0.1,0.4〉,3)  (〈𝑢2, 0.4,0.1,0.7〉,2)  (〈𝑢3, 0.2,0.2,0.8〉,1)  𝑎5  (〈𝑢1, 0.6,0.2,0.4〉,3)  (〈𝑢2, 0.2,0.2,0.9〉,1)  (〈𝑢3, 0.6,0.4,0.4〉,3)  𝑎6  (〈𝑢1, 0.5,0.2,0.5〉,3)  (〈𝑢2, 0.2,0,0.9〉,1)  (〈𝑢3, 0.8,0.3,0.2〉,4)  

 

Table 6: Tabular representation of the NN6SSs corresponding to the expert 𝑒2. 

 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.7,0.2,0.2〉,4)  (〈𝑢2, 1,0,0〉,5)  (〈𝑢3, 1,0.1,0〉,5)  𝑎2  (〈𝑢1, 0.9,0.1,0〉,5)  (〈𝑢2, 0.9,0.1,0〉,5)  (〈𝑢3, 0.4,0.2,0.6〉,2)  𝑎3  (〈𝑢1, 0.9,0.1,0〉,5)  (〈𝑢2, 0.9,0.1,0〉,5)  (〈𝑢3, 0.9,0,0.1〉,5)  𝑎4  (〈𝑢1, 0.6,0.2,0.4〉,3)  (〈𝑢2, 0,0,1〉,0)  (〈𝑢3, 0.2,0.1,0.9〉,1)  𝑎5  (〈𝑢1, 0.7,0.1,0.2〉,4)  (〈𝑢2, 0.8,0.2,0.2〉,4)  (〈𝑢3, 0.9,0,0.1〉,5)  𝑎6  (〈𝑢1, 0.7,0.1,0.2〉,4)  (〈𝑢2, 0,0,1〉,0)  (〈𝑢3, 0.8,0.2,0.3〉,4)  

 

Table 7: Tabular representation of the NN6SSs corresponding to the expert 𝑒3. 
 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.3,0.2,0.7〉,2)  (〈𝑢2, 0.8,0.1,0.2〉,4)  (〈𝑢3, 1,0,0〉,5)  𝑎2  (〈𝑢1, 0.9,0.1,0.1〉,5)  (〈𝑢2, 0.8,0.2,0.2〉,4)  (〈𝑢3, 0.6,0.2,0.5〉,3)  𝑎3  (〈𝑢1, 1,0,0〉,5)  (〈𝑢2, 0.5,0.2,0.5〉,3)  (〈𝑢3, 0.9,0.1,0〉,5)  𝑎4  (〈𝑢1, 0.6,0.1,0.4〉,3)  (〈𝑢2, 0.2,0.2,0.8〉,1)  (〈𝑢3, 0.3,0.2,0.7〉,2)  𝑎5  (〈𝑢1, 0.9,0.1,0.1〉,5)  (〈𝑢2, 0.9,0.1,0.1〉,5)  (〈𝑢3, 0.9,0.2,0〉,5)  𝑎6  (〈𝑢1, 0.7,0.1,0.3〉,4)  (〈𝑢2, 0.1,0.2,0.9〉,1)  (〈𝑢3, 0.6,0.4,0.5〉,4)  
 

Table 8: Tabular representation of the NN6SSs corresponding to the expert 𝑒4. 
 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.4,0.2,0.5〉,2)  (〈𝑢2, 0.8,0.1,0.3〉,4)  (〈𝑢3, 0.8,0,0.2〉,4)  𝑎2  (〈𝑢1, 0.6,0.1,0.4〉,3)  (〈𝑢2, 0.9,0.2,0.1〉,5)  (〈𝑢3, 0.8,0,0.3〉,4)  𝑎3  (〈𝑢1, 0.7,0.1,0.2〉,4)  (〈𝑢2, 0.2,0,0.8〉,1)  (〈𝑢3, 0.8,0,0.2〉,4)  𝑎4  (〈𝑢1, 0.4,0.2,0.6〉,2)  (〈𝑢2, 0,0,1〉,0)  (〈𝑢3, 0,0,1〉,0)  𝑎5  (〈𝑢1, 0.5,0.2,0.5〉,3)  (〈𝑢2, 0.9,0.1,0.1〉,5)  (〈𝑢3, 0.9,0.1,0.1〉,5)  𝑎6  (〈𝑢1, 0.7,0.1,0.3〉,4)  (〈𝑢2, 0.2,0.2,0.8〉,1)  (〈𝑢3, 0.7,0.4,0.3〉,4)  
 

Table 9: Tabular representation of the NN6SSs corresponding to the expert 𝑒5. 
 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.8,0.1,0.2〉,4)  (〈𝑢2, 0.8,0.2,0.1〉,4)  (〈𝑢3, 0.6,0.3,0.5〉,3)  𝑎2  (〈𝑢1, 1,0,0〉,5)  (〈𝑢2, 1,0,0〉,5)  (〈𝑢3, 0.4,0.2,0.7〉,3)  𝑎3  (〈𝑢1, 0.6,0.1,0.4〉,3)  (〈𝑢2, 0.4,0.2,0.6〉,2)  (〈𝑢3, 0.4,0.3,0.7〉,2)  𝑎4  (〈𝑢1, 0.8,0.2,0.2〉,4)  (〈𝑢2, 0.2,0.1,0.8〉,1)  (〈𝑢3, 0.1,0,0.9〉,1)  
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(𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎5  (〈𝑢1, 0.9,0.1,0.1〉,5)  (〈𝑢2, 0.9,0.2,0.1〉,5)  (〈𝑢3, 0.9,0.2,0.1〉,5)  𝑎6  (〈𝑢1, 0.6,0.1,0.4〉,3)  (〈𝑢2, 0,0.2,1〉,0)  (〈𝑢3, 0.9,0.2,0.1〉,5)  

 
Table 10 contains the aggregation of the experts' assessments using the arithmetic mean. 
 

Table 10: Tabular representation of the average of the NN6SSs corresponding to all experts. 
 (𝐹, 𝐴, 𝑁)  𝑢1  𝑢2  𝑢3  𝑎1  (〈𝑢1, 0.56, 0.16, 0.4〉, 3.0)  (〈𝑢2, 0.86, 0.1, 0.14〉, 4.4)  (〈𝑢3, 0.86, 0.08, 0.16〉, 4.4)  𝑎2  (〈𝑢1, 0.84, 0.06, 0.14〉, 4.4)  (〈𝑢2, 0.88 , 0.1, 0.1〉, 4.6)  (〈𝑢3, 0.54, 0.18, 0.54〉, 2.8)  𝑎3  (〈𝑢1, 0.82, 0.1, 0.14〉, 4.4)  (〈𝑢2, 0.58, 0.14, 0.4〉, 3.2)  (〈𝑢3, 0.78, 0.14, 0.22〉, 4.2)  𝑎4  (〈𝑢1, 0.58, 0.16, 0.4〉, 3.0)  (〈𝑢2, 0.16, 0.08, 0.86〉, 0.8)  (〈𝑢3, 0.16, 0.1, 0.86〉, 1.0)  𝑎5  (〈𝑢1, 0.72, 0.14, 0.26〉, 4.0)  (〈𝑢2, 0.74, 0.16, 0.28〉, 4.0)  (〈𝑢3, 0.84, 0.18, 0.14〉, 4.6)  𝑎6  (〈𝑢1, 0.64, 0.12, 0.34〉, 3.6)  (〈𝑢2, 0.1, 0.12, 0.92〉, 0.6 )  (〈𝑢3, 0.76, 0.3, 0.28〉, 4.2)  

 
The results for each project are: (〈𝑢1, 0.693333, 0.123333, 0.28 〉, 3.73333) , (〈𝑢2, 0.553333, 0.116667, 0.45 〉, 2.93333) , and (〈𝑢3, 0.656667, 0.163333, 0.366667〉, 3.53333). 
These are not NN6SSs because the grades are not integer. So, adjusting these values we have: (〈𝑢1, 0.693333, 0.123333, 0.28 〉, 4) , (〈𝑢2, 0.553333, 0.116667, 0.45 〉, 3) , and (〈𝑢3, 0.656667, 0.163333, 0.366667〉, 4). 

4. Conclusion 

The Circular Economy is a model that has spread throughout the world in the present century as a way 
to simultaneously solve multiple problems that plague us. However, many practices from ancestral indig-
enous peoples are part of our cultural arsenal, but they can also be relevant today in their practical appli-
cation. This paper presented the evaluation carried out by five experts regarding six aspects of three pro-
jects currently being developed in Peru, which integrate the knowledge of Peruvian indigenous peoples 
and the Circular Economy. For the evaluation, we used the theory of Neutrosophic N-Soft Sets. This theory 
addresses the uncertainty and indeterminacy inherent to Neutrosophy, and N-Soft Sets, which are an ex-
tension of Soft Sets. The project with the highest grade was "Regenerative Agriculture Inspired by Ancestral 
Technologies", followed by "Bioeconomy and Natural Medicine", and "Sustainable Handicrafts with a Cir-
cular Approach". The grades and values of neutrosophic triples indicate that any of the three programs can 
be applied with results of at least Fair. 
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Abstract. Assessment in a teaching-learning process allows teachers to determine to what degree students are as-

similating the content and are meeting the objectives of the study program. That is why when there are fine-tuned 

assessment instruments, it is assumed that there is better pedagogical performance. This is a consequence of the 
fact that the accuracy of the tests allows better adjustment of the classroom methods carried out by the teacher. In 

this article, we propose a technique that allows determining the degree of effectiveness of assessment instruments 

on school results and their relationship with pedagogical performance. We focus specifically on higher education 

in Ecuador, although the method may be valid in another context. For the design of the method, we took into 
account that the teacher or the specialist who evaluates is better understood with the help of a linguistic measure-

ment scale. In addition, experience shows that in each evaluation there is indeterminacy and uncertainty. That is 

why the proposed method is based on the neutrosophic 2-tuple linguistic model. This is a model of Computing 

with Words, where they are evaluated with a natural language scale and the indeterminacy of the evaluation is also 
taken into account. On the other hand, offsets allow obtaining logical results between these words when logical 

operations are performed between their indices that are outside the classic truth values in [0, 1]. 

 
Keywords: Educational Quality, Higher Education, pedagogical evaluation, pedagogical performance, Compu-

ting with Words (CWW), neutrosophic 2-tuple linguistic model, offsets, offset logic.

1 Introduction 

The quality of education in Ecuador faces constant challenges, one of the most relevant being the 
improvement of the pedagogical performance of teachers in higher education institutions. In this con-
text, teacher evaluation emerges as a key tool to identify strengths and areas for improvement in peda-
gogical practices. However, questions remain about the real effectiveness of the evaluation instruments 
applied in the Ecuadorian educational system and their impact on teacher performance and student 
learning outcomes. 

The central problem lies in the influence of the design, implementation, and feedback of teacher 
evaluation instruments on the improvement of pedagogical performance. In Ecuador, traditional instru-
ments tend to focus on standardized criteria that often do not consider the contextual and cultural char-
acteristics of educational institutions. This creates a disconnect between evaluation and teacher im-
provement strategies. In addition, teachers' perception of evaluation is generally negative, considering 
it a punitive mechanism rather than a formative tool, which limits its effectiveness in promoting 
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significant changes in pedagogical practice. 
The analysis of this problem focuses on three main variables: the assessment instruments used, the 

pedagogical performance of teachers, and the feedback generated from the assessment process. Studies 
carried out in the country indicate that current instruments are not always aligned with a formative 
approach, which limits their capacity to promote the continuous professional development of teachers. 
Likewise, the lack of training on the use and interpretation of assessment results affects the implemen-
tation of improvement strategies. 

Teacher evaluation should become a formative process that allows for the identification of specific 
teacher needs and the design of personalized professional development plans. In addition, it is crucial 
to incorporate the participation of key actors, such as students and teaching colleagues, to ensure a 
comprehensive view of pedagogical performance. Implementing more participatory and competency-
based approaches could significantly contribute to improving teaching-learning processes. 

This article proposes a method for evaluating the effectiveness of the learning process in any higher 
education institution, especially in Ecuador. The method is based on the tools that emerged from Neu-
trosophy. This is the branch of philosophy that deals with the study of the neutral, the inconsistent, the 
paradoxical, the contradictory, etc., [1]. 

Particularly, we will use the neutrosophic 2-tuple linguistic model [2-9]. This extends the 2-tuple 
linguistic model, which is a technique of Computing with Words (CWW), where the concept of symbolic 
translation is used when results are aggregated in the form of linguistic evaluations. In this way, evalu-
ations are obtained in the form of words which is the natural manner in which humans understand each 
other daily, without losing precision. The neutrosophic 2-tuple linguistic model incorporates a triad of 
linguistic values into each of the possible evaluations, which adds even more accuracy. This is because 
the evaluations are indeterminate and uncertain, and neutrosophy takes this into account, rather than 
avoiding it. 

On the other hand, because the neutrosophic 2-tuple model performs aggregations based on values 
outside of the interval [0, 1], we use offsets to perform logical operations such as implication, which 
indicates causal relationships between concepts, and bi-implication to signify logical equivalences [10-
15]. 

One of the most recent theories of F. Smarandache is the offset, where the truth values go outside 
the range [0, 1]. This is used to indicate over-compliance when the truth value is greater than 1 and 
defaults with debt for truth values less than 0. In the method, we use these offsets to obtain a framework 
consistent with the values of the indices associated with the evaluations carried out with the linguistic 
2-tuple model. 

This paper is divided into the following sections, a Materials and Methods section where the main 
results of neutrosophic 2-tuple linguistic models and offsets are presented. This is followed by a section 
called The Method section, where the method we designed is explained and an illustrative example is 
provided. The last section is dedicated to the conclusions. 

2 Materials and Methods 

In this section, we present the main concepts and theories that we will use in the article to create the 
proposed method. We start with the neutrosophic 2-tuple linguistic models and we continue with the 
offsets. 

2.1 Neutrosophic 2-tuple linguistic model 

Definition 1([1, 2, 16]). Let S = {s0, s1, … , sg} be a set of linguistic terms and βϵ[0, g] a value that 

represents the result of a symbolic operation, then the linguistic 2-tuple that expresses the information 

equivalent to β is obtained using the following function: ∆: [0, g] → S × [−0.5, 0.5)  ∆(β) = (si, α)                                    (1) 

Where si is such that i = round(β) and α = β − i, α ∈ [−0.5, 0.5) and “round” is the usual rounding 
operator, si is the index label closest to β and α is the value of the symbolic translation. 

It should be noted that ∆−1: 〈S〉 → [0, g] is defined as ∆−1(si, α) = i + α. Thus, a linguistic 2-tuple 〈S〉 
is identified with its numerical value in [0, g]. 
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Suppose that S = {s0, … , sg} is a 2-Tuple Linguistic Set (2TLS) with odd cardinality g+1. It is defined 

for (sT, a), (sI, b), (sF, c)  ∈  L and a, b, c [0, g], where (sT, a), (sI, b), (sF, c)  ∈  L independently express 

the degree of truthfulness, indeterminacy, and falsehood by 2TLS. 2-Tuple Linguistic Neutrosophic Num-

ber (2TLNN) is defined as follows: 𝑙𝑗 = {(𝑠𝑇𝑗 , 𝑎), (𝑠𝐼𝑗 , 𝑏), (𝑠𝐹𝑗 , 𝑐)}              (2) 

Where 0 ≤ ∆−1(sTj , a) ≤ g, 0 ≤ ∆−1(sIj , b) ≤ g, 0 ≤ ∆−1(sFj , c) ≤ g, and 0 ≤ ∆−1 (sTj , a) +∆−1 (sIj , b) + ∆−1(sFj, c) ≤ 3g. 

The scoring and accuracy functions allow us to rank 2TLNN. 

Let l1 = {(sT1 , a), (sI1 , b), (sF1 , c)} be a 2TLNN in L, the scoring and accuracy functions in l1 are de-

fined as follows, respectively: 

𝒮(l1)=∆{2g+∆−1(sT1,a)−∆−1(sI1,b)−∆−1(sF1,c)3 },  ∆−1(𝒮(l1)) ∈ [0, g]                (3) 

H(l1)=∆{g+∆−1(sT1,a)−∆−1(sF1,c)2 },  ∆−1(H(l1)) ∈ [0, g]                               (4) 

2.2 Brief notion of offsets 

Definition 2 ([1, 17]). Let X be a space of points (objects), with a generic element in X denoted by x. 

A Neutrosophic Set A in X is characterized by a truth-membership function TA(x), an indeterminacy-

membership function IA(x) and a falsity-membership function FA(x). TA(x), IA(x) and FA(x) are real stand-

ard or nonstandard subsets of ]-0, 1+[. There is no restriction on the sum of TA(x), IA(x) and FA(x), thus, -

0  inf TA(x)+ inf IA(x) + inf FA(x)  sup TA(x)+ sup IA(x) + sup FA(x)  3+. 

Definition 3 ([1, 17]). Let X be a space of points (objects), with a generic element in X denoted by x. 

A Single-Valued Neutrosophic Set A in X is characterized by a truth-membership function TA(x), an inde-

terminacy-membership function IA(x) and a falsity-membership function FA(x). TA(x), IA(x) and FA(x) are 

elements of [0, 1]. There is no restriction on the sum of TA(x), IA(x) and FA(x), thus, 0  TA(x)+ IA(x) + FA(x) 

 3. 

Definition 4 ([10, 17]). Let X be a universe of discourse and the neutrosophic set A1X. Let T(x), I(x), 

F(x) be the functions that describe the degree of membership, indeterminate membership, and non-

membership respectively, of a generic element xX, concerning the neutrosophic set A1: 

T, I, F: X →[0, ], where >1 is called overlimit, T(x), I(x), F(x)[0, ]. A Single-Valued Neutrosophic 

Overset A1 is defined as: A1 = {(𝑥, 〈T(𝑥), I(𝑥), F(𝑥)〉), 𝑥 ∈ 𝑋}, such that there exists at least one element in 

A1 that has at least one neutrosophic component that is bigger than 1, and no element has neutrosophic 

components that are smaller than 0. 

Definition 5 ([10, 17]). Let X be a universe of discourse and the neutrosophic set A2X. Let T(x), I(x), 

F(x) be the functions that describe the degree of membership, indeterminate membership, and non-

membership respectively, of a generic element xX, concerning the neutrosophic set A2: 

T, I, F: X→[, 1], where <0 is called underlimit, T(x), I(x), F(x)[, 1]. A Single-Valued Neutrosophic 

Underset A2 is defined as: A2 = {(𝑥, 〈T(𝑥), I(𝑥), F(𝑥)〉), 𝑥 ∈ 𝑋}, such that there exists at least one element 

in A2 that has at least one neutrosophic component that is smaller than 0, and no element has neutro-

sophic components that are bigger than 1. 

Definition 6 ([10, 17]). Let X be a universe of discourse and the neutrosophic set A3X. Let T(x), I(x), 

F(x) be the functions that describe the degree of membership, indeterminate membership, and non-

membership respectively, of a generic element xX, concerning the neutrosophic set A3: 

T, I, F: X→[, ], where <0<1<,  is called underlimit, while  is called overlimit, T(x), I(x), F(x)[, 

]. A Single-Valued Neutrosophic Offset A3 is defined as: A3 = {(𝑥, 〈T(𝑥), I(𝑥), F(𝑥)〉), 𝑥 ∈ 𝑋}, such that 
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there exists at least one element in A3 that has at least one neutrosophic component that is bigger than 

1, and at least another neutrosophic component that is smaller than 0. 

Let X be a universe of discourse, A = {(𝑥, 〈TA(𝑥), IA(𝑥), FA(𝑥)〉), 𝑥 ∈ 𝑋}  and B ={(𝑥, 〈TB(𝑥), IB(𝑥), FB(𝑥)〉), 𝑥 ∈ 𝑋} be two single-valued neutrosophic oversets/undersets/offsets. 

TA, IA, FA, TB, IB, FB: X →[ , ], where 0<1,  is called underlimit, while  is called overlimit, 

TA(x), IA(x), FA(x), TB(x), IB(x), FB(x)[, ]. Let us remark that the three cases are comprised, viz., overset 

when =0 and >1, underset when <0 and =1, and offset when <0 and >1. 

Then the main operators are defined as follows: A ∪ B = {(x, 〈max(TA(x), TB(x)), min(IA(x), IB(x)), min(FA(x), FB(x))〉), x ∈ X} is the union. A ∩ B = {(x, 〈min(TA(x), TB(x)), max(IA(x), IB(x)), max(FA(x), FB(x))〉), x ∈ X} is the intersection, C(A) = {(x, 〈FA(x), Ψ + Ω−IA(x), TA(x)〉), x ∈ X} is the neutrosophic complement of the neutrosophic 

set. 

One offnegation can be defined as in Equation 5. 

O〈T, I, F〉 =  〈F, ΨI + ΩI − I, T〉               (5) 

Definition 7 ([10, 17]). Let c be a neutrosophic component (TO , IO or FO ). c: MO→[ , ], where 0 

and 1. The neutrosophic component N- offnorm NOn : [Ψ, Ω]2 → [Ψ, Ω] satisfies the following conditions 

for any elements x, y and zMO: 

i. NOn(𝑐(x), Ψ) = Ψ, NOn(𝑐(x), Ω) = 𝑐(x) (Overbounding Conditions), 

ii. NOn(𝑐(x), 𝑐(y)) = NOn(𝑐(y), 𝑐(x)) (Commutativity), 

iii. If 𝑐(x) ≤ 𝑐(y) then NOn(𝑐(x), 𝑐(z)) ≤ NOn(𝑐(y), 𝑐(z)) (Monotonicity), 

iv. NOn(NOn(𝑐(x), 𝑐(y)), 𝑐(z)) =  NOn(𝑐(x), NOn(𝑐(y), 𝑐(z))) (Associativity). 

To simplify the notation sometimes we use 〈T1, I1, F1〉∧O〈T2, I2, F2〉 = 〈T1 ∧O T2, I1∨O I2, F1 ∨O F2〉 instead of NOn(∙,∙). 

Proposition 1 ([17]). Let NOn(∙,∙) be a neutrosophic component N-offnorm, then, for any elements x, 

yMO we have NOn(𝑐(x), 𝑐(y)) ≤ min(𝑐(x), 𝑐(y)). 
Definition 8 ([10, 17]). Let c be a neutrosophic component (TO, IO or FO). c: MO→[, ], where 0 

and 1. The neutrosophic component N-offconorm NOco: [Ψ, Ω]2 → [Ψ, Ω] satisfies the following condi-

tions for any elements x, y and zMO: 

i. NOco(𝑐(x), Ω) = Ω, NOco(𝑐(x), Ψ) = 𝑐(x) (Overbounding Conditions), 

ii. NOco(𝑐(x), 𝑐(y)) = NOco(𝑐(y), 𝑐(x)) (Commutativity), 

iii. If 𝑐(x) ≤ 𝑐(y) then NOco(𝑐(x), 𝑐(z)) ≤ NOco(𝑐(y), 𝑐(z)) (Monotonicity), 

iv. NOco(NOco(𝑐(x), 𝑐(y)), 𝑐(z)) =  NOco(𝑐(x), NOco(𝑐(y), 𝑐(z))) (Associativity). 

To simplify the notation sometimes we use 〈T1, I1, F1〉∨O〈T2, I2, F2〉 = 〈T1 ∨O T2, I1 ∧O I2, F1  ∧O F2〉 instead 

of NOco(∙,∙). 

Proposition 2 ([17]). Let NOco(∙,∙) be a neutrosophic component N-offconorm, then, for any elements 

x, yMO we have NOco(𝑐(x), 𝑐(y)) ≥ max(𝑐(x), 𝑐(y)). 
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Here we use the notion of lattice, based on the poset denoted by ≤O, where, 〈T1, I1, F1〉 ≤O 〈T2, I2, F2〉 

if and only if T2 ≥ T1, I2 ≤ I1 and F2 ≤ F1, where the infimum and the supremum of the set are 〈, Ω, Ω〉 
and 〈Ω,,〉, respectively, [17]. 

3. The Method 

This section presents the elements that form part of the proposed method. It is based on the opinion 

of a group of specialists 𝐸 = {𝑒1, 𝑒2, ⋯ , 𝑒𝑛}, who give their beliefs on the following aspects: 
A1: The assessment instruments used are adequate, 
A2: The pedagogical performance of teachers is adequate, 
A3: There is adequate training on the use and interpretation of assessment results, 
A4: The feedback generated from the evaluation process is adequate, 
A5: The approach to assessment is formative, 
A6: Specific needs of teachers are identified and personalized professional development plans are 

designed, 
A7: There is a participatory approach, based on competencies, 
A8: The proactive contribution of the actors who are part of the process, such as students and teach-

ing colleagues, is guaranteed, 
A9: The pedagogical performance in the institution is adequate. 
The steps to follow are given below: 

1. Each expert in 𝐸  is asked to evaluate each of the nine aspects 𝐴 = {𝐴1, 𝐴2, ⋯ ,  𝐴9}. The logical 

treatment for this research addresses teacher evaluation considering a triadic component: per-

ceived effectiveness (truth), contextual limitations (falsehood) and uncertainty in the results (in-

determinacy). 

The proposed linguistic scale is as follows, see Table 1: 
 

Table 1. Linguistic meaning of each element of the S scale ([16]). 

Scale element Linguistic Meaning s−5  Extremely Low s−4  Very Low s−3  Low s−2  Somewhat Low s−1  Lower than High s0  As Low as High s1  Higher than Low s2  Somewhat High s3  High s4  Very High s5  Extremely High 

The expert must evaluate each of the above aspects on a linguistic scale individually such that S ={s−5, s−4, s−3, s−2, s−1, s0, s1, s2, s3, s4, s5} according to Table 1. 

Another scale of the expert's opinion about the importance of the criteria is included, which is 

shown in Table 2 with the scale 𝑊 = {𝜔−5, 𝜔−4, 𝜔−3, 𝜔−2, 𝜔−1, 𝜔0, 𝜔1, 𝜔2, 𝜔3, 𝜔4, 𝜔5}. 
 

Table 2. Linguistic meaning of each element of the W scale ([16]). 

 

Scale element Linguistic Meaning 𝜔−5  Extremely Insignificant 𝜔−4  Very Insignificant 𝜔−3  Insignificant 𝜔−2  Somewhat Insignificant 𝜔−1  More Insignificant than Important 
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Scale element Linguistic Meaning 𝜔0  As Insignificant as Important 𝜔1  More Important than Insignificant 𝜔2  Somewhat Important 𝜔3  Important 𝜔4  Very Important 𝜔5  Extremely Important 

 

In summary, each respondent 𝑒𝑖( 𝑖 = 1, 2, … , 𝑛) is asked to give his/her opinion on each of the aspects 𝐴𝑗  (j = 1, 2,.., 9) as a triad of linguistic values on the scale shown in Table 1 such that 𝑣𝑖𝑗 =(𝑠𝑘𝑇𝑖𝑗 , 𝑠𝑘𝐼𝑖𝑗 , 𝑠𝑘𝐹𝑖𝑗) (𝑘𝑇𝑖𝑗, 𝑘𝐼𝑖𝑗, 𝑘𝐹𝑖𝑗 ∈ {−5, −4, … , 0, … ,4, 5 }) means that the ith respondent thinks that the 

higher education institution satisfies the jth criterion according to the linguistic meaning whose scale 

element is 𝑠𝑘𝑇𝑖𝑗  concerning satisfaction (perceived effectiveness), 𝑠𝑘𝐼𝑖𝑗 concerning indeterminacy (uncer-

tainty in results) and 𝑠𝑘𝐹𝑖𝑗 concerning dissatisfaction (contextual constraints). 

Similarly, each respondent gives his/her opinion on the weight or importance 𝜔𝑖𝑗 =(𝜔𝑘𝑇𝑖𝑗 , 𝜔𝑘𝐼𝑖𝑗 , 𝜔𝑘𝐹𝑖𝑗) of each of the aspects to be evaluated, as well as a triad for truth, indeterminacy and 

falsehood. 

2. From now on, calculations are performed with the triad of indices corresponding to the linguis-

tic values using: 𝑖𝑛𝑑𝑣𝑖𝑗 = (∆−1 (𝑠𝑘𝑇𝑖𝑗 , 0) , ∆−1 (𝑠𝑘𝐼𝑖𝑗 , 0) , ∆−1 (𝑠𝑘𝐹𝑖𝑗 , 0)) and 𝑖𝑛𝑑𝜔𝑖𝑗 =(∆−1 (𝜔𝑘𝑇𝑖𝑗 , 0) , ∆−1 (𝜔𝑘𝐼𝑖𝑗 , 0) , ∆−1 (𝜔𝑘𝐹𝑖𝑗 , 0)) 

Then, a measure of central tendency is calculated for all respondents for each attribute, as follows: 𝑖𝑛𝑑𝑣̅̅ ̅̅ ̅̅ 𝑗 = (𝑚𝑒𝑑𝑖𝑎𝑛𝑖  {∆−1 (𝑠𝑘𝑇𝑖𝑗 , 0)} , 𝑚𝑒𝑑𝑖𝑎𝑛𝑖 {∆−1 (𝑠𝑘𝐼𝑖𝑗 , 0)} , 𝑚𝑒𝑑𝑖𝑎𝑛𝑖 {∆−1 (𝑠𝑘𝐹𝑖𝑗 , 0)})            (6) 𝑖𝑛𝑑𝜔̅̅ ̅̅ ̅̅ 𝑗̅ = (median𝑖 {∆−1 (𝜔𝑘𝑇𝑖𝑗 , 0)} , 𝑚𝑒𝑑𝑖𝑎𝑛𝑖 {∆−1 (𝜔𝑘𝐼𝑖𝑗 , 0)} , 𝑚𝑒𝑑𝑖𝑎𝑛𝑖 {∆−1 (𝜔𝑘𝐹𝑖𝑗 , 0)})         (7) 

3. Using the results of (6) and (7) we calculate: P1 = NOn(𝑖𝑛𝑑𝜔̅̅ ̅̅ ̅̅ ̅1, 𝑖𝑛𝑑𝑣̅̅ ̅̅ ̅̅ 1, 𝑖𝑛𝑑𝜔̅̅ ̅̅ ̅̅ ̅2, 𝑖𝑛𝑑𝑣̅̅ ̅̅ ̅̅ 2, … , 𝑖𝑛𝑑𝜔̅̅ ̅̅ ̅̅ ̅8, 𝑖𝑛𝑑𝑣̅̅ ̅̅ ̅̅ 8) which is the neutrosophic offnorm of opinions 

and their weights on the first eight attributes. 

On the other hand, P2 = NOn(𝑖𝑛𝑑𝜔̅̅ ̅̅ ̅̅ ̅9, 𝑖𝑛𝑑𝑣̅̅ ̅̅ ̅̅ 9). 

4. The final result given in Equation 8 is calculated: G: = P1 ⇔𝑜 P2               (8) 

Where ⇔𝑜 is the neutrosophic off-bi-implication defined as: (𝒙 ⇔𝑜 𝒚) ≔ NOn(𝒙 ⇒𝑜 𝒚, 𝒚 ⇒𝑜 𝒙)                (9) 

Where: (𝒙 ⇒𝑜 𝒚) ≔ NOco(O𝒙, 𝒚)                   (10) 

 
Let us illustrate the proposed method with an example. 
Example 1: Suppose that a group of three specialists denoted by 𝐸 = {𝑒1, 𝑒2, 𝑒3} evaluate each of the 

attributes of the Higher Education institution 𝑈 as indicated in Table 3. 
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Table 3. Results of the experts' evaluation of U on each of the 9 aspects to be measured. 

 

Attribute/Expert e1 e2 e3 

A1 (𝑠5, 𝑠−5, 𝑠−5) (𝑠2, 𝑠0, 𝑠−2) (𝑠3, 𝑠−4, 𝑠−5) 

A2 (𝑠4, 𝑠−5, 𝑠−2) (𝑠3, 𝑠1, 𝑠−1) (𝑠4, 𝑠−2, 𝑠−1) 

A3 (𝑠5, 𝑠−5, 𝑠0) (𝑠4, 𝑠−1, 𝑠1) (𝑠4, 𝑠−5, 𝑠−5) 

A4 (𝑠4, 𝑠−3, 𝑠−1) (𝑠2, 𝑠−1, 𝑠1) (𝑠2, 𝑠2, 𝑠0) 

A5 (𝑠4, 𝑠−4, 𝑠−4) (𝑠1, 𝑠2, 𝑠−1) (𝑠5, 𝑠−5, 𝑠−1) 

A6 (𝑠5, 𝑠−1, 𝑠0) (𝑠3, 𝑠−5, 𝑠−5) (𝑠4, 𝑠−3, 𝑠−3) 

A7 (𝑠4, 𝑠−5, 𝑠−5) (𝑠2, 𝑠−1, 𝑠−4) (𝑠4, 𝑠−1, 𝑠−4) 

A8 (𝑠2, 𝑠0, 𝑠−3) (𝑠3, 𝑠−5, 𝑠0) (𝑠3, 𝑠−1, 𝑠−5) 

A9 (𝑠5, 𝑠−5, 𝑠−5) (𝑠2, 𝑠−1, 𝑠−5) (𝑠4, 𝑠−5, 𝑠−1) 

 

Table 4 contains the experts' results on the measures of the importance of each attribute: 

 
Table 4. Results of the evaluation of the weights of each of the 9 aspects to be measured in U according to the experts. 

 

Attribute/Expert e1 e2 e3 

A1 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A2 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A3 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A4 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A5 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A6 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A7 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A8 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

A9 (𝜔5, 𝜔−5, 𝜔−5) (𝜔4, 𝜔−4, 𝜔−4) (𝜔3, 𝜔−4, 𝜔−5) 

 

The results of Equations 6 and 7 appear in Table 5. 

 
Table 5. Results of the aggregation of weights and evaluations for all experts for each attribute. 

 

Attribute/Results Weight Assessment 

A1 (𝜔4, 𝜔−4, 𝜔−4) (𝑠3, 𝑠−4, 𝑠−5) 
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Attribute/Results Weight Assessment 

A2 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−2, 𝑠−1) 

A3 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−5, 𝑠0) 

A4 (𝜔4, 𝜔−4, 𝜔−4) (𝑠2, 𝑠−1, 𝑠0) 

A5 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−4, 𝑠−1) 

A6 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−3, 𝑠−3) 

A7 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−1, 𝑠−4) 

A8 (𝜔4, 𝜔−4, 𝜔−4) (𝑠3, 𝑠−1, 𝑠−3) 

A9 (𝜔4, 𝜔−4, 𝜔−4) (𝑠4, 𝑠−5, 𝑠−5) 

 

Then, we have P1 = (𝑠2, 𝑠−1, 𝑠0) and P2 = (𝑠4, 𝑠−4, 𝑠−4) therefore, 
OP1 = (𝑠0, 𝑠1, 𝑠2) and 

OP2 =(𝑠−4, 𝑠4, 𝑠4), so G = (𝑠2, 𝑠−1, 𝑠0). From here we infer that the correlation between the effectiveness of the 

evaluation instruments and the pedagogical performance is “Somewhat High” with indeterminacy 
“Lower than High” and falseness “As Low as High”. 

4. Conclusion 

In this paper, we introduced a method that allows evaluating the correlation between the effective-
ness of the evaluation in Higher Education in any Ecuadorian institution, compared to the pedagogical 
performance. It is a method that allows specialists to carry out an accurate evaluation because it takes 
into account the indeterminacies. In addition, the measurement scales are linguistic; therefore it is very 
easy for evaluators and decision makers to carry out the evaluation. From the theoretical point of view, 
it is a hybridization between two neutrosophic techniques, the neutrosophic 2-tuple linguistic model 
and offset logic. The usefulness of the method is shown with a hypothetical example. 
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Abstract. This study addresses the challenge of quantifying intangible quality costs (IQCs), which are inherently 

subjective and often overlooked in traditional quality cost management. We propose a novel hybrid framework 

that integrates the Neutrosophic Analytic Hierarchy Process (NAHP) with triangular neutrosophic numbers and 

Neutrosophic TOPSIS (NTOPSIS) with single-valued neutrosophic sets (SVNS) to evaluate and prioritize IQCs. The 

framework enables the aggregation of expert inputs, transforming qualitative risks—such as supplier mistrust and 

communication gaps—into quantifiable cost metrics. Applied to a steel mill’s, the methodology allowed to 
cuantificate the IQCs of the scrap reception activity. The study concludes that the framework’s structured yet 
adaptive nature provides organizations with a practical tool for prioritizing and mitigating intangible quality risks, 

overcoming the limitations of conventional methods. The results validate the importance of neutrosophy in the 

decision-making process under uncertainty in quality cost management. 

 

Keywords: intangible quality cost, neutrosophic AHP, triangular neutrosophic set, neutrosophic TOPSIS, single 

valued neutrosophic set. 

 

1. Introduction 

 

The intangible quality costs (IQC), also referred to as implicit or hidden costs, are challenging to 

quantify due to their subjective nature and influence on the organization's non-financial aspects [1]. 

These costs are not typically recorded formally as expenses. Examples of intangible costs include cus-

tomer loyalty, customer satisfaction, brand reputation, and the value of corporate image. Although 

these aspects cannot be easily expressed in monetary terms, their impact is significant and can be deci-

sive for the organization's long-term success. According to [2], intangible quality costs are doubly dan-

gerous: on one hand, they represent considerable amounts of money, and on the other, they remain 

concealed. In a study on the results of 57 investigations regarding hidden quality costs [3], it was iden-

tified that these costs range between 16.91% and 26.90% of the company's revenue, with a mean of 

21.91% and a standard deviation of 8.38%. 

Various proposals for calculating IQC have been developed, primarily based on qualitative explor-

atory analysis through case studies to determine the composition of hidden costs. The predominant 

approaches are those based on identifying the dysfunctions that generate these costs, aiming to structure 

management control models that contribute to their minimization. This group also employs expert judg-

ment methods, cause-and-effect diagrams, and multicriteria decision models such as the Analytic Hier-

archy Process (AHP) [4] , [5] and the Technique for Order Preference by Similarity to Ideal Solution 
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(TOPSIS) [6].  

Other researchers have opted for the use of fuzzy logic and the concept of possibility to address the 

imprecision and subjectivity underlying the quantification processes of intangible quality costs. In [7], 

a hybrid fuzzy MCDM approach, integrating fuzzy DEMATEL, an antientropy weighting technique, 

and FVIKOR, was employed to evaluate quality cost models,wich included IQC analysis. A Fuzzy In-

ference System (FIS) and a Fuzzy Data Envelopment Analysis (FDEA) were utilized in [8] to calculate 

intangible costs by addressing uncertainty, reaching a consensus among experts, and prioritizing risks 

through mathematical programming-based weight estimation. 

Existing approaches to intangible quality cost (IQC) assessment exhibit key limitations. Qualitative 

exploration based on expert judgment helps identify dysfunctions but lacks a method for monetizing 

these costs and assessing their impact on total quality costs. Taguchi’s quality loss function assumes 
symmetric deviations from an optimal value, which does not hold in many engineering processes, 

requiring complex mathematical adjustments [9]. Fuzzy logic and possibility theory address uncertainty 

but fail to account for human indeterminacy and the distinction between relative and absolute truths in 

quality evaluations. In this context, neutrosophic logic may constitute a valid option for the treatment 

of intangibles, as demonstrated in various studies.  

Etymologically, Neutrosophy (from the French neutre and Latin neuter, meaning neutral, and from 

Greek sophia, meaning knowledge) refers to the knowledge of neutral thoughts. It forms the basis for 

neutrosophic logic, neutrosophic sets, neutrosophic probability, and neutrosophic statistics. The neu-

trosophic research method is a generalization of Hegel's dialectics, which posits that science advances 

not only by considering opposing ideas but also neutral ones. Its fundamental theory asserts that every 

idea < A > tends to be neutralized, diminished, or balanced by other ideas, so <no A> = what is not <A>, 

<antiA> = the opposite of <A>, and <neut A>= what is neither <A> nor <antiA> [10]. 

Neutrosophic logic is a generalization of Zadeh's fuzzy logic and, in particular, of Atanasso's intui-

tive fuzzy logic, as well as other multivalued logics [10]. It provides an inference mechanism that allows 

simulating human reasoning procedures in knowledge-based systems. The theory of neutrosophic logic 

offers a mathematical framework that enables modeling the uncertainty of human cognitive processes 

in a way that can be processed by computers. 

The use of neutrosophic sets allows not only the inclusion of membership functions for truth and 

falsity but also membership functions for indeterminacy. This indeterminacy arises due to contradic-

tions, ignorance, inconsistencies, among other causes, regarding the knowledge [11]. Neutrosophy has 

been utilized as a tool for the quantification of intangibles, generating a promising yet nascent research 

field. Although no specific precedents were found regarding intangible quality costs, the successful 

application of neutrosophy in evaluating other types of intangibles provides a strong foundation for 

exploring its applicability in this particular domain. 

A dual-valued neutrosophic system were developed by [12] using TODIM-VIKOR to assess perfor-

mance in sports events, effectively managing uncertainty through nuanced information characterization. 

Similarly, [13] applied TODIM and VIKOR with interval neutrosophic sets to enhance brand competi-

tiveness evaluation in manufacturing, addressing the complexity of subjective assessments. These stud-

ies highlight the adaptability of neutrosophic approaches in decision-making contexts requiring preci-

sion in handling indeterminate data, reinforcing their relevance for performance measurement and stra-

tegic management in dynamic industries. 

In the context of innovation and service quality assessment, [14] employed the Neutrosophic Ana-

lytic Hierarchy Process (AHP-N) to analyze innovation indicators in Latin America, incorporating in-

tangible elements like intellectual capital and collaborative networks. Likewise, [15] utilized neutro-

sophic sets combined with bipolar numbers and TOPSIS to refine decision-making in airline service 

evaluation, mitigating vagueness and uncertainty. Additionally, [16] applied compensatory neutro-

sophic fuzzy logic for strategic evaluation in education, integrating institutional reputation and com-

munity perception. 
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These contributions emphasize the versatility of neutrosophic logic in addressing complex, qualita-

tive decision-making challenges. Therefore, the adaptation of neutrosophic methods to analyze and 

measure aspects such as customer perception, brand reputation, and innovation can provide new 

insights for understanding and managing intangible costs associated with product and service quality. 

The objective of this research was to design a framework for the hierarchization and quantification of 

intangible quality costs, based on AHP and TOPSIS neutrosophic methods. 

2. Preliminaries 

The "theory of neutrosophic sets" is based on classical set theory and fuzzy set theory, adding a 

membership function to the set µ, typically defined as a number x between 0 and 1 (the interval [0,1]), 

as opposed to the classical binary membership defined in the set {0,1}. Thus, the concept of a neutro-

sophic set is introduced, associated with a specific linguistic value, defined by a word, adjective, or 

linguistic label. The truth value in the neutrosophic set is as follows [10]: 

Let N be a set defined as:𝑁 = {(𝑇, 𝐼, 𝐹): 𝑇, 𝐼, 𝐹 ⊆ [0,1]}, a neutrosophic valuation nn is a mapping of 

the set of propositional formulas, meaning that for each statement pp, we have 𝑣(𝑝) = (𝑇, 𝐼, 𝐹). 
In order to facilitate real-world applications of neutrosophic sets and operators of theoretical sets, 

the concept of single-valued neutrosophic sets (SVNS) was introduced. A single-valued neutrosophic 

set (SVNS) is defined as follows [10]:  

Let X be a universe of discourse, a single-valued neutrosophic set (SVNS) A over X has the following 

form: 𝐸 = {〈𝑥, 𝑇𝑒(𝑥), 𝐼𝑒(𝑥), 𝐹𝑒(𝑥)〉: 𝑥 ∈ 𝑋}𝑑        (1) 

Where: 𝑇𝑒(𝑥):𝑋 → [0,1], 𝐼𝑒(𝑥): 𝑋 → [0,1] 𝑦 𝐹𝑒(𝑥): 𝑋 → [0,1]   
With:  0 ≤ 𝑇𝑒(𝑥), 𝐼𝑒(𝑥), 𝐹𝑒(𝑥) ≤ 3, ∀ 𝑥 ∈ 𝑋 
When multiplying an SVNS by a scalar, according to [17], it is verified that: 𝑎𝐸̅𝑘 = 〈1 − (1 − 𝑇𝑘)𝑎 , 𝐼𝑘𝑎 , 𝐹𝑘𝑎〉                    (2) 

To find a single SVNS that simultaneously describes multiple sets, aggregation operators are used, 

such as the Single-Valued Neutrosophic Weighted Average Operator (SVNOWA) [10], [17]. 𝐹𝑤(𝐸1, 𝐸2, … , 𝐸𝑛) = 〈1 − ∏ (1 − 𝑇𝐸𝑗(𝑥))𝑤𝑗𝑛𝑗=1 , ∏ (𝐼𝐸𝑗(𝑥))𝑤𝑗 ,𝑛𝑗=1 ∏ (𝐹𝐸𝑗(𝑤))𝑤𝑗𝑛𝑗=1 〉   (3) 

Where:  

W= (w1,…,wn ), it´s the weight vector of the E_j  SVNS, to (j=1,2,…,n) such wj∈[0,1] and ∑ 𝑤𝑗𝑛𝑗=1 = 1. 

To de-neutrosophize this set in order to obtain a precise value, a scoring or precision function is 

generally used [18]. The precision function 𝐾̂ of a set Ei, [17], is based on the difference between the truth 

and falsity membership degrees and is defined by: 𝐾̂(𝐸𝑖) = 𝑇𝑖 − 𝐹𝑖, 𝐾̂(𝐸𝑖) ∈ [−1, 1]        (4) 

The most common application of operations with SVNS is their association with linguistic variables 

for qualitative evaluation, classification, or, more generally, the collection of information with imprecise, 

indeterminate, or subjective nature. Using the words of [19] "this is because, generally, experts feel more 

comfortable providing their knowledge using terms close to the way humans communicate, through 

linguistic variables." A linguistic variable is a variable whose values are words or phrases in a natural 

or artificial language [20]. 

On the other hand, single-valued triangular neutrosophic numbers (SVTNN), defined as ā=〈(l,m,u); 

Tā, Iā, Fā〉, can be converted to precise numbers, according to [11], by: 𝑆(𝐸𝑘) = 18 [𝑙𝑘 +𝑚𝑘 + 𝑢𝑘](2 + 𝑇𝑘 − 𝐼𝑘 − 𝐹𝑘)        (5) 

The use of SVNS, SVTNN, and other neutrosophic sets and numbers has enabled the introduction 

of neutrosophic variants of multicriteria decision-making methodologies (MCDM), such as AHP and 

TOPSIS. This new approach aims to enhance the ability of these techniques to handle the uncertainty 

inherent in complex decision-making situations [21], [22]. 
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The neutrosophic AHP differs from the classical AHP in that, after defining the problem and decision 

criteria in the form of hierarchical objectives—considering criteria, sub-criteria, and alternatives—the 

various elements are evaluated using neutrosophic scales. Based on Saaty's numerical scale, [23] pro-

posed a triangular neutrosophic scale, where the degrees of truth, uncertainty, and falsity are associated 

with respective degrees of credibility, uncertainty, and inconsistency of decision-makers. 

On the other hand, TOPSIS is a mathematical programming technique originally applied in contin-

uous contexts, later modified for discrete multicriteria problems. It is used to identify solutions closest 

to an ideal solution by applying a distance measure. It´s addresses the problem of ranking alternatives 

using the concept of distance to ideal and anti-ideal results. Neutrosophic TOPSIS employs neutro-

sophic sets to capture and manage ambiguity and vagueness in data, making it better suited to situations 

where the certainty of evaluations is limited [22].  

This makes it suitable for applications requiring the management of uncertainty, such as the evalu-

ation of intangibles. In the present research proposal, the AHP-TOPSIS-N technique (Fig. 1) is employed, 

a combination of both methods in their neutrosophic variants for the evaluation and prioritization of 

risks that may generate intangible quality costs. This proposal incorporates contributions from various 

authors to balance the methods' potential with the simplification of their practical application. 

 

 
 

Fig.1 Methodological scheme of the AHP-TOPSIS-N technique for the IQCs prioritization and quantification. 

 

The detailed description of these steps and their mathematical procedure is shown below:  

Step 1. Selection of experts. 

The pre-selection of experts was carried out by the specialists of the research group, based on the 

years of experience in the profession (more than five years), the prestige achieved by their performance 

evaluations and the availability to participate in the study. The final selection was made based on the 

level of knowledge (theoretical and practical) on the subject of quality costs. Both levels of knowledge 

were measured using the linguistic scale associated with SVNS values shown in Table 2, which includes 

11 self-assessment categories. 

 

 

 
 

 

 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

 Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 
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Table 2. Linguistic terms associated with SVNS for expert assessment 

 

Linguistic term Evaluation SVNS 

Extremely High EA (1; 0; 0) 

Very Very High MMA (0.9, 0.1, 0.1) 

Very High MA (0,8; 0,15; 0,20) 

High A (0.70,0.25,0.30) 

Medium High  MEA (0,60; 0,35; 0,40) 

Medium ME (0,50; 0,50; 0,50) 

Medium Low MEB (0,40; 0,65; 0,60) 

Low B (0.30,0.75,0.70) 

Very Low MB (0,20; 0,85; 0,80) 

Very Very Low MMB (0.10,0.90,0.90) 

Extremely Low EB (0; 1; 1) 

 

Once the self-assessments of the shortlisted experts were obtained, these SVNSS were aggregated 

using the Eq. (3), and the result was converted into a precise value by equation (4). Experts with 

knowledge level values greater than 0.5, which constitutes the 75th percentile of the precision function 

range, were included in the study. This group was then calculated for their degree of credibility (δk), by 

averaging their level of knowledge with the years of relative experiences, through an adaptation of the 

equation used by [23]. 

Given selected experts, the credibility of the k-th expert depends on their years of experience (YEk) 

and their level of knowledge (TKNk). 𝛿𝑘 = ( 𝑌𝐸𝑘𝑚𝑎𝑥𝑘=1…𝑝{𝑌𝐸𝑘}+𝑇𝐾𝑁𝑘)2             (6) 

Step 2. Weighting of experts 

Each expert was associated with a weighting coefficient which was calculated as a relevance index 

that included three criterion elements: credibility (calculated in the previous step), uncertainty and in-

coherence. The uncertainty of the k-th expert (θk), it was obtained from the certainty matrix that the 

expert provided, together with the deterministic paired comparison matrix for the risk assessment cri-

teria Ak={akij}. To each judgment aij, therefore, a value of certainty corresponded (SCij ∈ [0-1]) on the 

criterion issued, as explained in [23]. Then the index of certainty was calculated: 𝜃𝑘 = ∑ ∑ (1−𝑆𝐶𝑖𝑗)𝑛𝑗=1𝑛𝑖=1 𝑛2                           (7) 

On the other hand, the incoherence of the k-th expert (εk), was calculated as the consistency ratio of 

the paired comparison matrix Ak, therefore: 𝘀𝑘 = 𝐼𝐶𝑘𝐼𝑅               (8) 

Where ICk is the consistency index of Ak, and IR is the random index or minimum consistency 

allowed for the number of items compared. Each expert was then characterized by the neutrosophical 

triad Ēk=〈δk, θk, εk〉, where Ēk is the neutrosophical triad associated with the k-th expert. Next, the precise 

relevance of the k-th expert (𝜑k),  was obtained as the normalized Euclidean distance between Ēk and 

the ideal point of neutrosophic reliability 〈1,0,0〉, as described in [23]. φ𝑘 = 1−√{(1−δk)2+θk2+εk2}/3∑ (1−√{(1−δk)2+θk2+εk2}/3)pk=1            (9) 

Step 3. Weighting criteria 

For the paired comparison neutrosophical matrix Āk, with n criterias and āij=〈(lij,mij,uij); Tij, Iij, Fij〉 ∀ i,j ∈{1,...,n}, it was assumed as the main diagonal āii=〈(1,1,1); 1,0,0〉 ∀ i ∈ {1,...,n}, while the reciprocal ele-

ments were expressed as  āji=1/āij=〈(1/uij,1/mij,1/lij); Tij, Iij, Fij〉 ∀ i,j ∈{1,...,n}[23]. The values (lij,mij,uij) of 
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Leyva Vázquez, Shakila Devi. Estimation of intangible quality costs using neutrosophic AHP-TOPSIS 

42 

each judgment were defined from Saaty's fundamental scale, and therefore are framed in the interval 

1/9 - 9. The central values mij correspond to the judgments made by each expert. They are the values 

that the conventional AHP technique would consider deriving the weights of each element. In this case, 

the central mij values must also satisfy consistency checking. 

The lower and upper limits (lij, uij) depend on the degree of SCij certainty that the expert stated in relation 

to his aij judgment, and are calculated as follows: 𝑙𝑖𝑗 = mij − ΔVij           (10) 𝑢𝑖𝑗 = mij + ΔVij           (11) 

Where ΔVij are the number of steps on the Saaty scale between the center value and the extreme 

values. ΔVij was calculated based on the SCij certainty declared by the k-th expert. 

 

∆𝑉𝑖𝑗 =
{  
  
  0  𝑝𝑎𝑟𝑎             SCij = 11  𝑝𝑎𝑟𝑎 0.8 ≤  SCij < 1       2  𝑝𝑎𝑟𝑎 0.6 ≤  SCij < 0.80       3  𝑝𝑎𝑟𝑎 0.4 ≤  SCij < 0.60       4  𝑝𝑎𝑟𝑎 0.2 ≤  SCij < 0.40       5 𝑝𝑎𝑟𝑎     0 <  SCij < 0.20 6 𝑝𝑎𝑟𝑎              SCij = 0

        (12) 

 

Thus, the triangular neutrosophic matrix of paired comparison was obtained, which components 

were deneutrosified by using the equation (5).  

By replicating the conventional AHP method to the matrix obtained, the local priority vector for each 

expert was calculated (𝐿𝑃𝑉̅̅ ̅̅ ̅̅ 𝑘). These results were aggregated by multiplying the relevance vector by each 

of these local priority vectors. 

𝐿𝑃𝑉̅̅ ̅̅ ̅̅ = [  
 𝜑̅ ∗ 𝐿𝑃𝑉̅̅ ̅̅ ̅̅1𝜑̅ ∗ 𝐿𝑃𝑉̅̅ ̅̅ ̅̅ 2⋮𝜑̅ ∗ 𝐿𝑃𝑉̅̅ ̅̅ ̅̅𝑝]  

 = [𝑃𝐶1𝑃𝐶2⋮𝑃𝐶𝑛]         (13) 

The components of the aggregate vector constituted the weighting coefficients for each criterion used 

in the assessment of quality risks. 

Step 4. Evaluation of intangible costs of quality 

The risks due to activities were identified from a brainstorming session among the steel mill's spe-

cialists 

To assign a value to the estimate of intangible costs, each expert provided an estimate interval of the 

percentage of sales that are affected by intangible quality risks. The interval estimate of the global risk 

impact rate (IRR) was calculated: RIRS = [𝑅𝐼𝑅𝑆̂𝑚𝑖𝑛;  𝑅𝐼𝑅𝑆̂𝑚𝑎𝑥] = [∑ φ𝑘𝑅𝐼𝑅𝑆̂𝑘𝑚𝑖𝑛𝑝𝑘=1 ; ∑ φ𝑘𝑅𝐼𝑅𝑆̂𝑘𝑚𝑎𝑥𝑝𝑘=1 ]    (14) 

Therefore, the point estimate of the impact rate of intangible risks on total sales was calculated as the 

midpoint of the aggregated interval. RIRŜ = (RIRŜ𝑚𝑖𝑛+ RIRŜ𝑚𝑎𝑥2 )                       (15) 

Luego el valor total del costo intangible de calidad (TIQC) se expresó como la multiplicación de las 

ventas totales (S) por la tasa de impacto estimada. 𝑇𝐼𝑄𝐶 = RIRŜ ∗ 𝑆          (16) 

To distribute this value among the activities, it was necessary to identify risks per activity and 

classify them as tangible or intangible for prioritization using the TOPSISN method supported by 

SVNSS. The experts assessed the risks, in accordance with each of the applied criteria, using the 

linguistic terms presented in Table 2. Based on these results, the neutrosophic evaluation matrices for 

each expert/criterion (DECki) were constructed. To aggregate the experts' responses, the weighting co-

efficient  φ𝑘 and Eq. (2) were applied. This yielded the aggregated neutrosophic evaluation matrices for 

each criterion (DEAi). 
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𝐷𝐸𝐴𝑖 = ∑ φ𝑘 ∗𝑝𝑘=1 𝐷𝐸𝐶𝑘𝑖                                   (17) 

Likewise, the aggregate and criterion-weighted neutral matrix was calculated using this same 

method and applying the PCi as aggregation coefficients. 𝐷𝐸𝐴𝑃𝑖 = ∑ PC𝑖𝑛𝑖=1 ∗ 𝐷𝐸𝐴𝑖         (18) 

Subsequently, the ideal and anti-ideal SVNS  solutions were calculated from the obtained matrix. 

Criteria can be classified as either benefit-type or cost-type. Let Cb denote the set of benefit-type criteria 

and Cc the cost-type criteria. The ideal alternatives were defined as follows: 𝛾+ = (𝑎𝛾+𝑤(𝛿𝑗), 𝑏𝛾−𝑤(𝛿𝑗), 𝑐𝛾−𝑤(𝛿𝑗))        (19) 

It denotes the positive ideal solution corresponding to Cb. 𝛾− = (𝑎𝛾−𝑤(𝛿𝑗), 𝑏𝛾+𝑤(𝛿𝑗), 𝑐𝛾+𝑤(𝛿𝑗))        (20) 

It denotes the positive ideal solution corresponding to Cc. 

Then, the average distances to the positive and negative SVNS ideal solutions [24] were calculated: 𝑠𝑖+ = (13∑ {(𝑎𝑖𝑗 − 𝑎𝑗+)2 + (𝑏𝑖𝑗 − 𝑏𝑗+)2 + (𝑐𝑖𝑗 − 𝑐𝑗+)2}𝑛𝑗=1 )12       (21) 𝑠𝑖− = (13∑ {(𝑎𝑖𝑗 − 𝑎𝑗−)2 + (𝑏𝑖𝑗 − 𝑏𝑗−)2 + (𝑐𝑖𝑗 − 𝑐𝑗−)2}𝑛𝑗=1 )12       (22) 

Each risk proximity coefficient was calculated (CP, con 0 ≤ CPj ≤ 1): CP𝑗 = 𝑠−𝑠++𝑠−            (23) 

As in the classical method, the alternatives (the risks) were ordered in a decreasing direction, starting 

with the one that comes closest to the ideal solution (greater relative proximity). This risk prioritization 

list included both tangible and intangible quality risks. The weighting of each IQR was then calculated, 

based on its CP.  

 𝑃𝐼𝑄𝑅𝑖 = 𝐶𝑃𝑖∑ 𝐶𝑃𝑖𝑚𝑖=1            (24) 

Then, the intangible cost of quality (IQCi) associated with the intangible risk of IQRi quality was 

calculated: 𝑰𝑸𝑪𝒊 = 𝑷𝑹𝑰𝑪𝒊 ∗ 𝑻𝑰𝑸𝑪          (25) 

To illustrate the application of the methodology, the results of its partial implementation in the 

steelmaking area of a company producing and commercializing carbon steel billets, bars, and profiles 

are presented. Specifically, the results focus on the scrap reception activity. 

3 Results 

The results obtained are shown below in the order proposed on the methodology (Fig. 1). From an 

initial pre-selection of 10 experts, the seven represented in the Table were selected 3 

 
Table 3. Expertos seleccionados 

 

Expert (Ek) Aggregate expert assessment (SVNS) Level of knowledge (TKNk) Years of experience 

E1 (0.87,0.11,0.13) 0.743 12 

E2 (0.78,0.2,0.22) 0.555 12 

E3 (0.91,0.07,0.09) 0.818 30 

E4 (0.87,0.11,0.13) 0.743 10 

E5 (0.78,0.2,0.22) 0.555 11 

E6 (0.87,0.11,0.13) 0.743 28 

E7 (0.87,0.11,0.13) 0.743 31 

 

Due to space constraints, only the individual results from Expert E1 are presented below, pertaining 

to the calculation of the credibility index and the local priority vector for criteria weighting. By applying 

Eq. (6), we obtained: δ1=0.565.  
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Through a brainstorming session, the experts selected the following criteria for quality risk 

evaluation: CR-1: Probability of occurrence; CR-2: Severity; CR-3: Difficulty of detection; CR-4: Impact 

on customer reputation/trust; CR-5: Financial impact; CR-6: Impact on productivity; CR-7: Impact on 

worker safety/health; and CR-8: Effect on other risks. Table 4 presents the deterministic pairwise 

comparison matrix provided by expert E1, along with its corresponding local priority vector, derived 

from the normalized matrix.  

 
Table 4. Expert's E1 deterministic paired comparison matrix 

 

Criteria CR-1 CR-2 CR-3 CR-4 CR-5 CR-6 CR-7 CR-8 Local priority vector 

CR-1 1 1/3 5 5 7 5 3 7 0,241 

CR-2 3 1 7 5 9 7 3 5 0,334 

CR-3 1/5 1/7 1 1/3 3 1/3 1/5 1/5 0,034 

CR-4 1/5 1/5 3 1 5 3 1/3 1/3 0,073 

CR-5 1/7 1/9 1/3 1/5 1 1/3 1/7 1/5 0,020 

CR-6 1/5 1/7 3 1/3 3 1 1/5 1/3 0,047 

CR-7 1/7 1/3 5 3 7 5 1 3 0,147 

CR-8 1/3 1/5 5 3 5 3 1/3 1 0,104 

 

For expert E1, a low inconsistency level was observed (ε1=0.09). Using the certainty matrix provided 

by this first expert (see Table 5), the third component of the neutrosophic triad was calculated to 

characterize the uncertainties inherent to the evaluation process. 

 

Table 5. Expert E1's certainty matrix 

 

Criterios CR-1 CR-2 CR-3 CR-4 CR-5 CR-6 CR-7 CR-8 

CR-1 1 0,9 0,4 0,8 0,8 0,7 0,9 0,8 

CR-2 0,9 1 0,8 0,6 0,8 0,8 0,9 0,6 

CR-3 0,4 0,8 1 0,9 0,9 0,8 0,4 0,5 

CR-4 0,8 0,6 0,9 1 0,5 0,9 0,9 0,9 

CR-5 0,8 0,8 0,9 0,5 1 0,9 0,8 0,7 

CR-6 0,7 0,8 0,8 0,9 0,9 1 0,6 0,8 

CR-7 0,9 0,9 0,4 0,9 0,8 0,6 1 0,9 

CR-8 0,8 0,6 0,5 0,9 0,7 0,8 0,9 1 

 

The uncertainty index θ1=0.213 was calculated using Eq. (7), resulting in the neutrosophic 

characterization  Ē1=⟨0.565,0.213,0.09⟩. From these values, the precise relevance weight of expert E1 

(φ1=0.162) was determined by applying Eq. (9). Table 6 illustrates the triangular neutrosophic pairwise 

comparison matrix, derived by integrating the neutrosophic triad of E1 with the TNN values 

corresponding to each of his judgments. 

 

Table 6. Triangular neutrosophic paired comparison matrix 

 

Criteria CR-1 CR-2 … CR-8 

CR-1 ⟨(1,1,1);1,0,0⟩ ⟨(0,25,0,33,0,49);0.74,0.21,0.09⟩ … ⟨(5,7,9);0.74,0.21,0.09⟩ 
CR-2 ⟨(2,3,4);0.74,0.21,0.09⟩ ⟨(1,1,1);1,0,0⟩ … ⟨(2,5,8);0.74,0.21,0.09⟩ 
CR-3 ⟨(0,11,0,2,1);0.74,0.21,0.09⟩ ⟨(0,11,0,14,0,19);0.74,0.21,0.09⟩ … ⟨(0,13,0,2,0,5);0.74,0.21,0.09⟩ 
CR-4 ⟨(0,14,0,2,0,33);0.74,0.21,0.09⟩ ⟨(0,13,0,2,0,5);0.74,0.21,0.09⟩ … ⟨(0,25,0,33,0,49);0.74,0.21,0.09⟩ 
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Leyva Vázquez, Shakila Devi. Estimation of intangible quality costs using neutrosophic AHP-TOPSIS 

45 

CR-5 ⟨(0,11,0,14,0,19);0.74,0.21,0.09⟩ ⟨(0,09,0,11,0,14);0.74,0.21,0.09⟩ … ⟨(0,14,0,2,0,33);0.74,0.21,0.09⟩ 
CR-6 ⟨(0,14,0,2,0,33);0.74,0.21,0.09⟩ ⟨(0,11,0,14,0,19);0.74,0.21,0.09⟩ … ⟨(0,2,0,33,0,97);0.74,0.21,0.09⟩ 
CR-7 ⟨(0,12,0,14,0,16);0.74,0.21,0.09⟩ ⟨(0,25,0,33,0,49);0.74,0.21,0.09⟩ … ⟨(2,3,4);0.74,0.21,0.09⟩ 
CR-8 ⟨(0,2,0,33,0,97);0.74,0.21,0.09⟩ ⟨(0,13,0,2,0,5);0.74,0.21,0.09⟩ … ⟨(1,1,1);1,0,0⟩ 

 

By applying Eq. (5), the deneutrosified paired comparison matrix was constructed as it shown in 

Table 7. These values, while crisp, include the effect of indeterminacy and vagueness associated with 

the original judgments. 

 

Table 7. Deneutrosified paired comparison matrix 

 

Criterios CR-1 CR-2 CR-3 CR-4 CR-5 CR-6 CR-7 CR-8 Vector de prioridad local  

CR-1 1.125 0.306 2.855 2.855 3.997 2.855 1.713 3.997 0.275 

CR-2 1.713 1.125 3.997 2.855 5.139 3.997 1.713 2.855 0.383 

CR-3 0.374 0.127 1.125 0.306 1.713 0.428 0.176 0.236 0.060 

CR-4 0.193 0.236 1.713 1.125 2.855 1.713 0.428 0.306 0.102 

CR-5 0.127 0.095 0.428 0.193 1.125 0.428 0.122 0.176 0.035 

CR-6 0.236 0.122 1.713 0.428 1.713 1.125 0.236 0.306 0.068 

CR-7 0.122 0.428 2.855 1.713 3.997 2.855 1.125 1.713 0.185 

CR-8 0.428 0.193 2.855 1.713 2.855 1.713 0.306 1.125 0.131 

 

This same procedure was applied to the rest of the experts. In this way, the hierarchy of the risk 

assessment criteria presented in Table 8 was obtained. 

 
Table 8. Prioritization of quality risk assessment criteria 

 

Expert Characterization and rele-

vance 
Criterial local priority 𝛿k 𝜃k εk φk CR-1 CR-2 CR-3 CR-4 CR-5 CR-6 CR-7 CR-8 

E1 0.565 0.181 0.069 0.162 0.275 0.383 0.060 0.102 0.035 0.068 0.185 0.131 

E2 0.469 0.181 0.131 0.149 0.252 0.386 0.042 0.077 0.094 0.093 0.126 0.185 

E3 0.893 0.175 0.069 0.195 0.263 0.377 0.064 0.034 0.047 0.133 0.183 0.1 

E4 0.533 0.191 0.093 0.157 0.244 0.391 0.049 0.047 0.074 0.103 0.197 0.136 

E5 0.452 0.203 0.102 0.147 0.117 0.183 0.059 0.052 0.109 0.073 0.404 0.266 

E6 0.823 0.172 0.093 0.189 0.383 0.244 0.065 0.04 0.184 0.164 0.127 0.125 

E7 0.872 0.184 0.078 0.193 0.255 0.376 0.146 0.037 0.044 0.099 0.196 0.065 

Priority vector  0.311 0.401 0.085 0.064 0.1 0.128 0.237 0.165 

Priority order  2 1 7 8 6 5 3 4 

 

Once again, brainstorming was applied between specialists from the technical group and the selected 

experts, this time to identify and classify the quality risks related to the scrap reception activity, which 

are shown in Table 9.  
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Table 9. Quality risks associated with the activity Reception of scrap 

 

Code Identified risk  Clasification 

TR_1 The scrap contains high content of hidden defects Tangible 

TR_2 Breakage of cranes, their parts and pieces or failures of the weighing system. Tangible 

TR_3 Inhalation or ingestion of harmful substances.  Tangible 

TR_4 Entrapment due to machine or vehicle overturns Tangible 

IR_1 Poor communication and negotiation with key suppliers Intangible 

IR_2 Loss of confidence in working with suppliers Intangible 

IR_3 Lack of experience in visual inspection of scrap for classification Intangible 

IR_4 Low motivation due to inadequate working conditions in receiving area Intangible 

 

When applying the NTOPSIS, the aggregate decision matrix of the experts was first obtained, which 

is presented in Table 10. 

 
Table 10. Aggregated expert decision matrix 

 

 CR-1 CR-2 CR-3 CR-4 ... CR-8 

QR1 (0.89,0.154,0.18) (0.836,0.227,0.241) (0.54,0.438,0.511) (0.718,0.338,0.358) … (0.844,0.154,0.236) 

QR2 (0.532,0.449,0.536) (0.838,0.189,0.239) (0.539,0.482,0.508) (0.643,0.352,0.412) … (0.652,0.328,0.414) 

QR3 (0.115,0.891,0.919) (0.72,0.298,0.366) (0.548,0.48,0.517) (0.552,0.477,0.497) … (0.821,0.236,0.27) 

QR4 (0.113,0.86,0.899) (0.818,0.204,0.257) (0.571,0.458,0.479) (0.344,0.66,0.689) … (0.747,0.267,0.325) 

QR5 (0.447,0.582,0.603) (0.121,0.845,0.908) (0.835,0.197,0.267) (0.312,0.667,0.733) … (0.745,0.306,0.328) 

QR6 (0.303,0.7,0.728) (0.113,0.872,0.92) (0.84,0.175,0.258) (0.508,0.501,0.55) … (0.823,0.239,0.243) 

QR7 (0.445,0.561,0.611) (0.228,0.782,0.801) (0.695,0.357,0.382) (0.328,0.661,0.714) … (0.886,0.172,0.213) 

QR8 (0.322,0.654,0.729) (0.44,0.574,0.603) (0.818,0.209,0.264) (0.521,0.477,0.543) … (0.753,0.257,0.326) 

 

Then the matrix weighted according to priority of the Criteria (Table 11), resulted: 

 
Table 11. Aggregate decision matrix, weighted based on the Criteria 

 

 CR-1 CR-2 CR-3 CR-4 … CR-8  

QR1 (0.496,0.559,0.587) (0.515,0.552,0.566) (0.064,0.932,0.944) (0.078,0.933,0.936) … (0.264,0.734,0.788) 

QR2 (0.21,0.78,0.824) (0.518,0.513,0.564) (0.064,0.94,0.944) (0.064,0.935,0.945) … (0.16,0.832,0.864) 

QR3 (0.037,0.965,0.974) (0.399,0.616,0.669) (0.066,0.939,0.945) (0.05,0.954,0.956) … (0.248,0.788,0.805) 

QR4 (0.037,0.954,0.967) (0.495,0.529,0.58) (0.07,0.936,0.939) (0.027,0.974,0.976) … (0.203,0.804,0.83) 

QR5 (0.168,0.845,0.855) (0.05,0.935,0.962) (0.143,0.871,0.893) (0.024,0.974,0.98) … (0.202,0.822,0.832) 

QR6 (0.106,0.895,0.906) (0.047,0.947,0.967) (0.145,0.862,0.891) (0.045,0.957,0.962) … (0.249,0.789,0.791) 

QR7 (0.167,0.836,0.858) (0.098,0.906,0.915) (0.096,0.916,0.921) (0.025,0.974,0.979) … (0.302,0.748,0.774) 

QR8 (0.114,0.876,0.906) (0.207,0.801,0.817) (0.135,0.875,0.893) (0.046,0.954,0.962) … (0.206,0.799,0.831) 

 

From these results, the ideals and anti-ideals shown in Table 12 were calculated, obtained by Eq. (19) 

and Eq. (20). 
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Table 12. Ideal and anti-ideal values by criterion 

 

Criteria  Ideal value Anti-ideal value 

Probability of occurrence (0.037,0.965,0.974) (0.965,0.974,0.496) 

Severity (0.047,0.947,0.967) (0.947,0.967,0.518) 

Difficulty of detection (0.064,0.94,0.945) (0.94,0.945,0.145) 

Impact on customer reputation/trust (0.024,0.974,0.98) (0.974,0.98,0.078) 

Financial impact (0.036,0.963,0.967) (0.963,0.967,0.165) 

Impact on productivity (0.052,0.948,0.956) (0.948,0.956,0.232) 

Affect on workers' safety/health (0.029,0.97,0.977) (0.97,0.977,0.448) 

Effect on other risks (0.16,0.832,0.864) (0.832,0.864,0.302) 

 

At the last moment of the application of NTOPSIS, shown in Table 13, the distances from the ex-

tremes, the proximity coefficients, were obtained by applying Eq. (21), Eq. (22) and Eq. (23), respectively; 

as well as the prioritization of quality risks. 

 

Table 13. Risk prioritization 

 

Quality risks Si+ Si- CPi 

Prio-

rity 

The scrap contains high content of hidden defects 0.63

8 

0.49

9 

0.56

1 1 

Breakage of the cranes, their parts and pieces or failure of the weighing 

system 

0.49

3 

0.41

1 

0.54

5 2 

Inhalation or ingestion of harmful substances  0.50

1 

0.48

1 

0.51

0 4 

Entrapment by overturning machines or vehicles 0.54

6 

0.45

9 

0.54

3 3 

Poor communication and negotiation with key suppliers 0.17

6 

0.66

5 

0.20

9 7 

Loss of confidence in working with suppliers 0.16

6 

0.69

2 

0.19

4 8 

Lack of experience in visual inspection of scrap for classification 0.25

6 

0.60

0 

0.29

9 5 

Low motivation due to inadequate working conditions in receiving area 0.21

4 

0.55

6 

0.27

7 6 

 

Based on the CPi associated with intangible risks, the following PRICi coefficients were determined 

for the disaggregation of the TCIC, applying Eq. (24). So: PRIC1=0.214; PRIC2=0.198; PRIC3=0.305 and 

PRIC4=0.283. Next, the experts estimated the intervals of the impact rates on sales, of the total intangible 

costs. Table 14 shows these intervals, as well as the estimated point rate of impact. 

 
Table 14. Estimación intervalar y puntual del RIRS 

 

Expert (Ek) RIRS min RIRS max 

E1 0.16 0.21 

E2 0.1 0.15 

E3 0.08 0.19 

E4 0.09 0.15 

E5 0.13 0.2 
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Leyva Vázquez, Shakila Devi. Estimation of intangible quality costs using neutrosophic AHP-TOPSIS 

48 

Expert (Ek) RIRS min RIRS max 

E6 0.16 0.19 

E7 0.12 0.2 

Average 0.12 0.184 

RIRS  0.152 

 

For $3813256.00 in sales, the total intangible quality costs, applying Eq. (16), resulted in 

TIQC=$579614.91. Then, by distributing the value among the intangible costs of quality through Eq. (25), 

the results of Table 15 were obtained. 

 

Table 15. Quantified intangible quality costs 

 

Intangible quality costs PRIC IQC 

Poor communication and negotiation with key suppliers 0.214 $124037.59 

Loss of trust in collaboration with suppliers 0.198 114763.75 

Lack of experience in visual inspection of scrap for classification 0.305 176782.55 

Low motivation due to inadequate working conditions in the receiving 

area. 

0.283 164031.02 

TOTAL 1.00 $579614.91 

 

The results presented in Table 15 revealed that the intangible quality costs associated with scrap 

reception at the steel mill constituted a significant economic burden, totaling $579,614.91. Among the 

identified factors, the lack of expertise in visual inspection for scrap classification exhibited the highest 

economic impact, with an estimated cost of $176,782.55, highlighting the urgent need for enhanced 

personnel training in this area. Low motivation stemming from suboptimal working conditions also 

represented a substantial cost ($164,031.02), underscoring the influence of internal factors on operational 

efficiency. Additionally, poor communication and negotiation with key suppliers, along with 

diminished trust in collaborative partnerships, contributed $124,037.59 and $114,763.75, respectively. 

 

5. Conclusions 
 

The study demonstrates the feasibility of integrating Neutrosophic Analytic Hierarchy Process 

(NAHP) with triangular neutrosophic numbers and Neutrosophic TOPSIS (NTOPSIS) with single-

valued neutrosophic sets to quantify intangible quality costs (IQCs). This hybrid approach effectively 

addresses the inherent complexity and subjectivity of IQCs, such as employee demotivation, supplier 

trust erosion, and operational inefficiencies, by incorporating truth, indeterminacy, and falsity degrees 

into evaluations. The methodology’s capacity to aggregate expert judgments while managing 
uncertainty and conflicting information enhances precision in scenarios where traditional methods (e.g., 

Taguchi’s loss function, fuzzy logic) struggle with human-centric indeterminacy. Application in a steel 

mill revealed significant IQCs attributed to inadequate scrap inspection training, validating its practical 

utility. Despite the relatively high computational complexity, the framework’s structured yet flexible 
nature enables organizations to prioritize and monetize intangible risks, offering a robust tool for 

informed decision-making in quality management. This underscores its pertinence in bridging gaps 

between qualitative assessments and economic quantification. 
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Abstract. This research, conducted at the Technical University of Ambato in Ecuador, addresses the impact of an 

innovative therapeutic plan that combines upper limb muscle strength exercises with music therapy in patients with 

type 2 diabetes mellitus (T2DM). This multidimensional approach seeks to improve the quality of life and function-
ality of patients through an accessible treatment tailored to their needs. The primary purpose of the study is to im-

plement and evaluate a therapeutic plan designed to improve upper limb muscle strength in 28 older adults diag-

nosed with T2DM. The program included specific exercises and music therapy, structured in 48 sessions for 24 weeks. 

The music selected, based on the participants' preferences, sought to enhance the physical and emotional benefits of 
the treatment. The methodology included initial and final tests using manual dynamometry to measure muscle 

strength, and the results were analyzed with non-classical statistical tools. The findings revealed significant improve-

ments in participants' muscle strength, with an average increase of 3 to 4 kg in the capacity for key movements such 

as shoulder flexion, extension, abduction, and adduction, as well as elbow flexion and extension. This study not only 
validates the use of music therapy as a complement to physiotherapy programs but also provides a replicable model 

for future interventions in the management of T2DM, highlighting the importance of integrative approaches in the 

treatment of chronic diseases. We used a Neutrosophic Evidence Theory method to process the collected data, ac-

cording to which data are divided into a truthfulness component, an indeterminacy component, and a falseness 
component. Patient's performance is assessed using neutrosophic measures corresponding to the generalization of 

the Dempster-Shafer theory to the neutrosophic framework. In this way, we incorporate indeterminacy into the cal-

culations. In addition, the Dempster-Shafer theory allows us to work with subjective probabilities. Specifically, we 

use the calculation of a probability estimation method appearing in the literature. 
 

Keywords: Physical activity, type 2 diabetes mellitus, combination therapy, Neutrosophic Evidence Theory.

1 Introduction 

Diabetes is known as an endocrine and metabolic disease characterized by high blood glucose levels 
(hyperglycemia). This condition can be determined by the genetic code, but it can also be present 
throughout life due to a sedentary lifestyle or an unhealthy diet. This condition is also characterized by 
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a total or partial deficiency in insulin secretion. 
This condition presents several types of diabetes, but there are two that are the most relevant, namely, 

Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM). The World Health Organiza-
tion (WHO) estimates the prevalence of Diabetes Mellitus at more than 347 million people worldwide, 
with T2DM accounting for 90-95% of cases and T1DM for 5-10% of cases. 

In Ecuador, T1DM is a rare disease, thus it is not very common, so it is difficult to find concrete data 
on this condition. Despite this, in 2017 the Ministry of Health reported that provinces such as Guayas, 
Santa Elena, Pichincha, and Manabí reported a higher number of care visits for these patients. Fifty 
percent of people with T1DM are diagnosed during the first years of life. 

T2DM is defined as a progressive disease characterized by insulin resistance and pancreatic cell fail-
ure, leading to chronic hyperglycemia. It has been classified as a silent but worrying pandemic because 
it increases the risk of acute and chronic complications. It not only directly affects the patient's health 
but also their quality of life and represents an economic burden on the healthcare system. It is important 
to note that, as mentioned above, it is progressive, so arteriosclerotic damage can accumulate years be-
fore diagnosis, with blood glucose levels above the maximum acceptable for health. This is stated by 
the Epidemiological Association of High Cardiovascular Risk. 

There is also diabetes gestational that is characterized for the intolerance to the carbohydrates, giving 
way to hyperglycemia. Its severity can be variable; it starts and is recognized during the pregnancy. It 
is present approximately in a 7% of pregnant women. Gestational diabetes is associated with complica-
tions for the mother during pregnancy and the future human being. This diagnosis is important and 
would avoid future complications for the fetus and the mother. 

Epidemiologically, T2DM is a disease that affects 10.5% of the world's population. The majority of 
patients are over 55 years of age (men) and 65 years of age (women). In countries with high economic 
resources (the United States, the United Kingdom, Spain, etc.), there is a downward trend in mortality 
among diabetic patients. This condition presents a high number of comorbidities that are directly asso-
ciated with diabetes, complicating the progression and treatment of the individual suffering from it. 

The nature of this condition tends to become metabolically chronic and can affect different organs 
and tissues, including the musculoskeletal system. High glucose levels can alter connective tissue com-
ponents, causing chronic damage to this system. The common rheumatic conditions in these patients 
may occur due to direct damage to joint or periarticular tissues, or indirectly due to vascular or neuro-
logical complications. 

In patients with T2DM, significant age-related changes occur, with visceral fat increasing and muscle 
and bone mass decreasing. This condition generates several alterations in the body, such as basal in-
flammation, oxidative stress, malnutrition, and energy imbalances. All of this causes frailty in diabetics, 
affecting and complicating their functionality and quality of life. This group can present two distinct 
manifestations: malnutrition and obesity. 

One of the treatments increasingly used in patients with T2DM is strength training. This training 
has various effects, including decreasing blood glucose levels and increasing muscle mass, which is 
associated with increased basal and total metabolic rate. Strength training increases fast-twitch type 2b 
fibers, which are high-powered and have a low fatigue resistance. 

To increase muscle mass and strength, training must be intensely stimulated (greater than daily ac-
tivities) to produce muscular adaptation (overload principle). To continue progressing, the training 
stimulus must be increased (progression principle). If training is stopped, there will be a partial regres-
sion of the adaptations achieved (regression principle). 

Specifically, we are interested in implementing an exercise plan to increase muscle strength in a 
group of 28 elderly patients with T2DM at the Senior Recreation Center of the Atahualpa Parish Re-
gional Government. We include music therapy in the exercise plan as a way to make physical exercise 
more enjoyable and bearable. This way, the patients will feel more motivated and the results will be 
better. 

The use of classical statistics does not allow for dealing with the indeterminacy that is inherent in 
any evaluation in decision-making. One option is the use of Neutrosophic Statistics that generalizes 
classical statistics for data or parameters in the form of intervals, or when the sample or population size 
is not precisely determined [1-4]. The other is the use of Plithogenic Statistics, which extends multivar-
iate statistics to any type of indeterminacy in the data [5]. However, we prefer to use the Dempster-
Shafer theory [6-13]. 

 
A generalization of subjective probability calculation is the Dempster-Shafer theory of evidence [6-
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16]. In the case we are investigating, we want to conduct a more exhaustive investigation incorporating 
the characteristics of Neutrosophy, which is the use of imprecise and uncertain data. For this reason, we 
apply a probability estimate based on Neutrosophic Evidence Theory, according to the method that 
appears in [17]. This method generalizes another that was developed based on the Intuitionistic Fuzzy 
Evidence Theory [18], however, the latter one does not explicitly take indeterminacy into account. 

To do this, we employ experts who assess patients' muscle strength before and after treatment. These 
specialists perform these assessments based on subjective probabilities. It is well known that humans 
make probabilistic calculations based on subjective evaluations of events, yet the results are still accu-
rate since frequentist objective probabilities are not always possible or convenient to perform. 

The article is structured as follows: a section that reviews the basic concepts of Neutrosophic 
Evidence Theory. The following section contains the details of the study. The article finishes with its 
conclusions. 

2 Basic Concepts on Probability Estimation According to Neutrosophic Evidence Theory 

Definition 1 ([17, 18]). Let 𝑈 be a space of points with a generic element 𝑢 ∈ 𝑈. A neutrosophic set 𝐴 ⊆ 𝑈 is characterized by a truth-membership function 𝑇𝐴, indeterminacy membership function 𝐼𝐴, and 

falsity membership function 𝐹𝐴. 𝑇𝐴, 𝐼𝐴, and 𝐹𝐴 are real standard or non-standard subsets of ]0−, 1+[. I.e., 𝑇𝐴: 𝑈 → ]0−, 1+[, 𝐼𝐴: 𝑈 → ]0−, 1+[, 𝐹𝐴: 𝑈 → ]0−, 1+[. 
Where, ∀𝑢 we have 0− ≤ 𝑖𝑛𝑓 𝑇𝐴(𝑢) + 𝑖𝑛𝑓 𝐼𝐴(𝑢) +𝑖𝑛𝑓 𝐼𝐴(𝑢) ≤ 𝑠𝑢𝑝 𝑇𝐴(𝑢) + 𝑠𝑢𝑝 𝐼𝐴(𝑢) +𝑠𝑢𝑝 𝐹𝐴(𝑢) ≤ 3+. 

However, the Single-Valued Neutrosophic Sets are generally used. 

Definition 2 ([17]). Let 𝑈 be a space of points with a generic element 𝑢 ∈ 𝑈. A Single-Valued Neu-

trosophic Set 𝐴 ⊆ 𝑈 is characterized by a truth-membership function 𝑇𝐴, indeterminacy membership 

function 𝐼𝐴, and falsity membership function 𝐹𝐴. 𝑇𝐴, 𝐼𝐴, and 𝐹𝐴 are elements of [0, 1]. I.e., 𝑇𝐴: 𝑈 → [0, 1], 𝐼𝐴: 𝑈 → [0, 1], 𝐹𝐴: 𝑈 → [0, 1]. 
Where ∀𝑢 we have 0 ≤ 𝑇𝐴(𝑢) +𝐼𝐴(𝑢) + 𝐼𝐴(𝑢) ≤ 3. 

According to the Dempster-Shafer theory of evidence, there is a finite set of mutually exclusive ele-

ments called the frame of discernment denoted by Ω. The power set of Ω contains all possible unions of 

the sets in Ω. The singleton sets in the frame of discernment are called atomic sets because they do not 

contain non-empty subsets. 

Definition 3 ([17]). Let Ω = {𝐴1, 𝐴2, ⋯ , 𝐴𝑛} be a frame of discernment. A Basic Probability Assign-

ment (BPA) is a function 𝑚: 𝒫(Ω) → [0, 1], satisfying the two following conditions: 

1. 𝑚(∅) = 0, 

2. ∑ 𝑚(𝐴) = 1𝐴⊆Ω . 

Where ∅ is the empty set, 𝒫(Ω) is the power set of Ω, and 𝐴 is any subset of Ω. 

Definition 4 ([17]). A subset 𝐴 of Ω is called the focal element of a belief function 𝑚 if 𝑚(𝐴)  >  0. 

Definition 5 ([17]). Let 𝑈 = {𝑢1, 𝑢2, ⋯ , 𝑢𝑛} be a universe of discourse and 𝑁𝑆(𝑈) is the set of all neu-

trosophic sets in 𝑈. A Neutrosophic Belief Function 𝜇 is defined as {〈𝐴𝑖, 𝑚(𝐴𝑖), 𝑇𝐴𝑖(𝑢𝑗), 𝐼𝐴𝑖(𝑢𝑗), 𝐹𝐴𝑖(𝑢𝑗)〉}, 

where 𝐴𝑖 ∈ 𝑁𝑆(𝑈), 𝑇𝐴𝑖(𝑢𝑗) is the truth-membership function, 𝐼𝐴𝑖(𝑢𝑗) is the indeterminacy-membership 
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function, and 𝐹𝐴𝑖(𝑢𝑗) is the false-membership function of the neutrosophic set 𝐴𝑖 and 𝑚(𝐴𝑖) is the BPA 

of 𝐴𝑖. 
Definition 6 ([17]). Let 𝑃(𝑢𝑗) ( 𝑗 = 1,2, … , 𝑛) be the probability of each element in 𝑈. The Basic Prob-

ability Assignment (BPA) of a Neutrosophic Event 𝐴𝑖 = {〈𝑢𝑗, 𝑇𝐴𝑖(𝑢𝑗), 𝐼𝐴𝑖(𝑢𝑗), 𝐹𝐴𝑖(𝑢𝑗)〉: 𝑢𝑗 ∈ 𝑈} is an inter-

val value defined as: 𝑚(𝐴𝑖) = [𝑚𝑚𝑖𝑛(𝐴𝑖), 𝑚𝑚𝑎𝑥(𝐴𝑖)]. 
Where 𝑚𝑚𝑖𝑛(𝐴𝑖) is the minimal BPA of 𝐴𝑖 and 𝑚𝑚𝑎𝑥(𝐴𝑖) is the maximal BPA of 𝐴𝑖. They are defined 

as follows: 

Given, 𝑚𝑇(𝐴𝑖) = ∑ 𝑃(𝑢𝑗)𝑛𝑗=1 𝑇𝐴𝑖(𝑢𝑗), 𝑚𝐼(𝐴𝑖) = ∑ 𝑃(𝑢𝑗)𝑛𝑗=1 (1 − 𝐼𝐴𝑖(𝑢𝑗)), 𝑚𝐹(𝐴𝑖) = ∑ 𝑃(𝑢𝑗)𝑛𝑗=1 (1 − 𝐹𝐴𝑖(𝑢𝑗)), 

We have, 𝑚𝑚𝑖𝑛(𝐴𝑖) = 𝑚𝑖𝑛(𝑚𝑇(𝐴𝑖), 𝑚𝐼(𝐴𝑖), 𝑚𝐹(𝐴𝑖)), 𝑚𝑚𝑎𝑥(𝐴𝑖) = 𝑚𝑎𝑥(𝑚𝑇(𝐴𝑖), 𝑚𝐼(𝐴𝑖), 𝑚𝐹(𝐴𝑖)). 

Definition 7 ([17]). Let 𝑈 = {𝑢1, 𝑢2, ⋯ , 𝑢𝑛} be a universe of discourse and 𝔽 is the set of all focal ele-

ments. A Normalized Neutrosophic Belief Function 𝜇 is given as: {〈𝐴𝑖 , 𝑚(𝐴𝑖), 𝑇𝐴𝑖(𝑢𝑗), 𝐼𝐴𝑖(𝑢𝑗), 𝐹𝐴𝑖(𝑢𝑗)〉}, 𝐴𝑖 ∈ 𝔽, 𝑢𝑗 ∈ 𝑈. 

So, the probability of 𝑢𝑗 (𝑗 =  1,2, … , 𝑛) can be estimated as 𝑃̃(𝑢𝑗) = [𝑎̃𝑗, 𝑏̃𝑗], where 𝑎̃𝑗 and 𝑏̃𝑗 are de-

fined as: 𝑎̃𝑗 = 𝑚𝑖𝑛{𝑇̃𝐴𝑖(𝑢𝑗), 𝐼𝐴𝑖(𝑢𝑗), 𝐹̃𝐴𝑖(𝑢𝑗)}, 𝑏̃𝑗 = 𝑚𝑎𝑥{𝑇̃𝐴𝑖(𝑢𝑗), 𝐼𝐴𝑖(𝑢𝑗), 𝐹̃𝐴𝑖(𝑢𝑗)}, 

Such that: 𝑇̃𝐴𝑖(𝑢𝑗) = ∑ 𝑚(𝐴𝑖)𝑇𝐴𝑖(𝑢𝑗)∑ (1−𝐼𝐴𝑖(𝑢𝑗))+∑ (1−𝐹𝐴𝑖 (𝑢𝑗))𝑛𝑗=1𝑛𝑗=1𝐴𝑖∈𝔽 , 𝐼𝐴𝑖(𝑢𝑗) = ∑ 𝑚(𝐴𝑖)𝐼𝐴𝑖(𝑢𝑗)∑ (𝑇𝐴𝑖(𝑢𝑗))+∑ (1−𝐹𝐴𝑖(𝑢𝑗))𝑛𝑗=1𝑛𝑗=1𝐴𝑖∈𝔽 , 𝐹̃𝐴𝑖(𝑢𝑗) = ∑ 𝑚(𝐴𝑖)𝐹𝐴𝑖(𝑢𝑗)∑ (𝑇𝐴𝑖(𝑢𝑗))+∑ (1−𝐼𝐴𝑖(𝑢𝑗))𝑛𝑗=1𝑛𝑗=1𝐴𝑖∈𝔽 . 

3 Study Details 

The study population consisted of 28 older adults from the Atahualpa Parish Regional Government 

of the Elderly Recreation Center. A non-probability convenience sampling design was used. Due to the 

population size, the study will be conducted with the entire population that meets the inclusion and 

exclusion criteria, which are listed below: 

Inclusion criteria 

• People diagnosed with T2DM, 

• People from 45 to 85 years old, 

• Sex Male/Female, 

• People who sign the informed consent, 

Exclusion criteria 

• People with uncontrolled high blood pressure, 

• People who present chronic pain in the upper limb without a precise diagnosis, 

• People with upper limb musculoskeletal injuries in the last 3 months, 

• People with upper limb surgery in the last 3 months, 

• People who are absent from the treatment plan for more than 3 consecutive sessions, 
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• People with pacemakers, 

• People with metal implants or prostheses. 

The research was carried out in 6 phases: 

1. Documentary: Authorization was requested from the Atahualpa Parish to work with the group 

of diabetic older adults at the Senior Citizen Recreational Center, and proceed with the selection 

of the population. Then, the informed consent was designed, through which the older adults 

authorized their participation in the project and the use of the personal data necessary for the 

development of the project through their signature. At the same time, a systematic review of 

information on physical activity and muscle strengthening for diabetic patients and older adults 

was carried out in different databases such as PubMed, Scielo, ScienceDirect, Scopus, Taylor & 

Francis, and Google Scholar; for analysis. This process was developed through the document 

analysis research technique. 

2. Diagnosis: After signing the informed consent, a medical history form was structured to identify 

the risk history, age, and living conditions of the elderly diabetics in the study group, and the 

following tests were applied: 

• Dynamometry: Measurement of muscle strength through a sustained maximum isometric 

contraction using a portable device. The device used is a Hydraulic Hand Dynamometer, 

which allows us to determine the amount of resistance or repetitions for the activity or 

exercises planned for the exercise plan. 

• Body Mass Index (BMI): The BMI is a widely used indicator of body weight in population 

studies and is easy to calculate. The BMI was obtained from anthropometric measurements 

of weight and height. 

3. Selective: Once all the patient data has been obtained and reviewed, the strengthening exercise 

to be applied, the frequency of training, the number of sets and repetitions, and the tempo of the 

music to be used to work together with this type of patient are determined. 

4. Application: A 24-week exercise plan was implemented, with a frequency of twice a week and 

an approximate duration of 45 minutes per session. The exercise tolerance of the older adults was 

monitored using the Borg scale during each activity or exercise, which indicated the intensity 

and difficulty of the exercise. 

5. Evaluative: Periodic evaluations will be conducted every 8 weeks; once the strengthening plan 

is completed, each participant will be assessed using the initial body mass index and dynamom-

etry tests. Data will be collected using the initial registration form. A comparison will then be 

made with the initial pre-strengthening and post-strengthening states, where changes will be 

determined based on the results obtained. 

6. Comparison: Once the results are obtained with each of the patients, they have been compared 

and determined, a meeting is held with the participants to explain and report on the results by 

each of them, about the changes they presented if applicable, and recommendations are given so 

that the results or changes can be prolonged for a longer period of time. 
The first result is related to the sociodemographic data collected, which are summarized in Table 1. 
 

Table 1. Data on the sociodemographic characteristics of the patients studied. 

 
 

Sociodemographic Data Frequency  Percentage 

Sex Female 18 64.3 

Male 10 35.7 

 Single 5 17.9 

Sociodemographic Data Frequency  Percentage 
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Marital status Married 14 50.0 

Widower 5 17.9 

 Divorced 4 14.3 

Occupation Active 6 21.4 

Retired 22 78.6 

 Average  71.43 

Age Minimum  56.00 

 Maximum  89.00 

 Total 28  

 
The proposed exercises correspond to the movements that we will summarize below in Table 2 for 

the joints of the upper limbs. 
 
The procedure followed in the evaluations is shown below according to the following steps: 

1. A study is conducted before performing the training exercises. The experts are asked to agree 

on the weight in kilograms they believe the patient can carry. The universe of discourse is the 

weight in kilograms, which depends on the joint in question. In the case of shoulder flexion, this 

is considered, 𝑈1 = {3.0,4.0, … ,18.0} , and in the case of right elbow extension, it is 𝑈11 ={4.0, … ,27.0}. 
Table 2 summarizes the amount of weight in kilograms that is considered minimum and 
maximum within the experiment for each of the movements. 
 

Table 2. Initial assessment of upper limb strength. The minimum and maximum strengths required for each of the twelve 

movements are shown. 

 
# Motion Lower limit (kg) Upper limit (kg) 

1 Right shoulder flexion 3.00 18.00 

2 Left shoulder flexion 3.00 18.00 

3 Right shoulder extension 2.00 22.00 

4 Left shoulder extension 3.00 24.00 

5 Right shoulder abduction 3.00 18.00 

6 Left shoulder abduction 2.00 22.00 

7 Right shoulder adduction 2.00 17.00 

8 Left shoulder adduction 2.00 17.00 

9 Right elbow flexion 3.00 30.00 

10 Left elbow flexion 4.00 29.00 

11 Right elbow extension 4.00 27.00 

12 Left elbow extension 5.00 26.00 

2. The experts were asked to establish a minimum weight at which the exercise was considered 

adequate, and they all agreed that halfway between the minimum and maximum weights was 

sufficient to consider the patient successfully passing the test. For example, for right shoulder 

flexion, 
18+32 = 10.5 kg is considered the threshold for passing the test; let us round this to 10 kg. 

To measure all the joints to the same scale, each of the above values is converted to a percent-

age between 0 and 100 using the formula shown below: 𝑢̅𝑗 = 100 × 𝑟𝑜𝑢𝑛𝑑 ( 𝑢𝑗−𝑢𝑚𝑖𝑛𝑢𝑚𝑎𝑥−𝑢𝑚𝑖𝑛)  
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Where, 𝑢̅𝑗: is the new element of the universe of discourse, now denoted by 𝑈̅, 𝑢𝑗: is the element belonging to the old universe of discourse 𝑈, 𝑢𝑚𝑖𝑛: is the smallest element of 𝑈, 𝑢𝑚𝑎𝑥: is the maximum element of 𝑈, 𝑟𝑜𝑢𝑛𝑑(. ): is the rounding function. 

So, all universes of discourse are normalized to 𝑈̅ = {0,10,20, … ,100} percentages. 

In this way, the event “passing the test successfully” would be considered as follows: 𝐴 =  {〈0,0,0,1〉, 〈10,0.1,0.5,0.9〉, 〈20,0.2,0.4,0.8〉, 〈30,0.3,0.3,0.7〉, 〈40,0.4,0.2,0.6〉, 〈50,0.5,0.1,0.5〉, 〈60,0.6,0,0.4〉,〈70,0.7,0,0.3〉, 〈80,0.8,0,0.2〉, 〈90,0.9,0,0.1〉, 〈100,1,0,0〉 } 

An alternative is an event "passing the test unsatisfactorily", where the following is calculated: B =  {〈0,1,0,0〉, 〈10,0.9,0.5,0.1〉, 〈20,0.8,0.4,0.2〉, 〈30,0.7,0.3,0.3〉, 〈40,0.6,0.2,0.4〉, 〈50,0.5,0.1,0.5〉, 〈60,0.4,0,0.6〉,〈70,0.3,0,0.7〉, 〈80,0.2,0,0.8〉, 〈90,0.1,0,0.9〉, 〈100,0,0,1〉 } 

3. Each of the 28 patients is assigned a probability 𝑝𝑖𝑗 for each of the exercises for event A with 𝑖 =  1, 2, … , 28 and 𝑗 =  1, 2, … , 12, where 𝑖 is the patient index and 𝑗 is the exercise index ac-

cording to Table 2. The probability for event B is 𝑞𝑖𝑗 = 1 − 𝑝𝑖𝑗 . 

The joint probability for all patients is calculated as: 𝑚𝑗(𝐴) = ∏ (0.5𝑝𝑖𝑗 + 0.5C)𝑗𝑖=1                 (1) 

Where C is a value representing a fixed probability. Let us take C = 0.5, as a neutral probability, 

neither high nor low. 

Equivalently, the joint probability for the event 𝐵 is calculated as follows: 𝑚𝑗(𝐵) = ∏ (0.5𝑞𝑖𝑗 + 0.5C)𝑗𝑖=1                (2) 

With these two elements and the interval probabilities appearing in Definition 7, the desired 

results are calculated. 

4. The procedures in step 3 are repeated for the results obtained in patients when they complete 

the treatment with muscle exercises. 

5. The results before and after treatment are compared. 

The results of applying Equation 1 were as follows: 
 
 

Table 3. Joint evaluations 𝑚𝑗(𝐴) were obtained for each exercise, before and after training. 

 
# Motion Expert evaluation before Expert evaluation after 

1 Right shoulder flexion 0.35 0.55 

2 Left shoulder flexion 0.33 0.55 

3 Right shoulder extension 0.38 0.51 

4 Left shoulder extension 0.28 0.42 

5 Right shoulder abduction 0.25 0.53 
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# Motion Expert evaluation before Expert evaluation after 

6 Left shoulder abduction 0.29 0.47 

7 Right shoulder adduction 0.37 0.61 

8 Left shoulder adduction 0.36 0.60 

9 Right elbow flexion 0.36 0.56 

10 Left elbow flexion 0.39 0.55 

11 Right elbow extension 0.36 0.55 

12 Left elbow extension 0.33 0.56 

 

 

The approximate probabilities obtained before and after training are shown in Table 4, applying the 
Equations of Definition 7. Note that for simplicity we write down the absolute minimum and maximum 
for all possible values, instead of each patient individually. 

 
Table 4. Joint approximate probabilities of event 𝐴 before and after passing the training. 

 
# Motion Expert evaluation before Expert evaluation after 

1 Right shoulder flexion [0.023, 0.091] [0.0294, 0.091] 

2 Left shoulder flexion [0.0215, 0.091] [0.0294, 0.091] 

3 Right shoulder extension [0.0248, 0.091] [0.032, 0.091] 

4 Left shoulder extension [0.0183, 0.091] [0.0275, 0.091] 

5 Right shoulder abduction [0.0163, 0.091] [0.0307, 0.091] 

6 Left shoulder abduction [0.0189, 0.091] [0.0307, 0.091] 

7 Right shoulder adduction [0.0241, 0.091] [0.0255, 0.091] 

8 Left shoulder adduction [0.0235, 0.091] [0.0261, 0.091] 

9 Right elbow flexion [0.0235, 0.091] [0.0288, 0.091] 

10 Left elbow flexion [0.0254, 0.091] [0.0294, 0.091] 

11 Right elbow extension [0.0235, 0.091] [0.0294, 0.091] 

12 Left elbow extension [0.0216, 0.091] [0.0288, 0.091] 

 

As can be seen for all the movements studied, there is a higher estimated probability post-training 
with respect to pre-training. 

4. Conclusion 

The loss of muscle strength in patients suffering from type 2 diabetes mellitus is an effect of this 
disease. One of the reasons for alleviating this situation is the incorporation of strength training exercises. 
When music therapy is added to this, the results are improved because it contributes to patient motiva-
tion. This paper studies the effectiveness of a muscle strength training exercise in older diabetic patients 
with the inclusion of music therapy. Specifically, the study was conducted on 28 diabetics belonging to 
the Senior Adult Recreation Center of the Atahualpa Parish in Ecuador. Since measurements were based 
on expert judgment, where uncertainty and indeterminacy exist, a method for approximate probability 
calculation based on Neutrosophic Evidence Theory was preferred. When comparing the results ob-
tained by the patients before and after treatment, there was an increase in muscle strength across all the 
twelve movements. This means that muscle function was restored, both through anatomical develop-
ment and increased functionality. 
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Abstract: The study addresses the challenge of optimizing water supply systems (WSS) under conditions of 
uncertainty, variability, and multiple. In a context where sustainability is a key criterion, traditional 
Multiobjective optimization approaches are often insufficient to handle the imprecision and indeterminacy 
inherent in data and models. This work proposes a Neutrosophic Multi-Objective Model (NMM) that 
integrates Neutrosophic Logic to capture uncertainty in decision variables, objective functions, and 
constraints. Unlike conventional methods, NMM allows considering degrees of truth, indeterminacy, and 
falsity, offering a more robust and flexible framework for decision-making in WSS. The relevance of this 
study lies in its ability to address complex water resources planning and management problems, where 
economic, social, and environmental sustainability must be balanced under conditions of high uncertainty. 
Through the application of MMN, optimal solutions are identified that not only minimize costs and losses 
but also maximize efficiency and service quality, considering variability in demand and risks associated with 
climate change and infrastructure failures. The results demonstrate that MMN overcomes the limitations of 
traditional approaches by providing more adaptive and resilient solutions. This research contributes to the 
field of complex systems optimization by introducing an innovative methodology that combines 
Neutrosophic Logic with Multiobjective techniques. 

Keywords: Multi-objective Optimization, Neutrosophic Logic, Water Supply Systems, Sustainability, Energy 
Efficiency, Water Loss Reduction, Water Resources Management 
 

 

1. Introduction 

Optimization of water supply systems (WSS) is a vital issue in the current global context, where water 
resource scarcity, population growth, and the effects of climate change demand innovative and sustainable 
solutions [1]. These systems must not only ensure reliable and efficient supply but also balance economic, 
social, and environmental objectives, making them a complex challenge for engineering and resource 
management [2]. However, the uncertainty inherent in factors such as variability in demand, operating costs, 
and weather conditions hinders the application of traditional optimization approaches, which are often 
insufficient to handle the imprecision and indeterminacy present in the data [3]. Historically, WSS planning 
has evolved from empirical rule-based approaches to advanced mathematical models that incorporate multi-
objective optimization techniques [4]. Despite these advances, most existing methods fail to adequately 
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integrate the uncertainty and subjectivity associated with planning decisions, limiting their applicability in 
real-world scenarios [5]. In this sense, Neutrosophic Logic emerges as a promising tool, as it allows to handle 
degrees of truth, indeterminacy, and falsity, offering a more flexible and robust framework for decision-
making under uncertainty [6]. The central problem addressed by this study is the lack of an integrated 
approach that combines Multi-objective optimization with Neutrosophic Logic to address sustainability in 
WSS. How can water supply systems be optimized by simultaneously considering cost minimization, loss 
reduction, and energy efficiency improvement, while managing uncertainty in data and models? This 
question guides the research, seeking to develop a model that overcomes the limitations of traditional 
approaches and provides more adaptive and resilient solutions. 

The objective of this study is to propose a Neutrosophic Multi-Objective Model (NMM) that integrates 
Neutrosophic Logic in WSS optimization, evaluating its ability to handle uncertainty and provide 
sustainable solutions. This objective is aligned with the research question and seeks to contribute to both 
theoretical and practical advancement in the field of water resources management. 

2. Preliminaries. 

2.1. Sustainability in the Optimization of Water Supply Systems (WSS). 
 

Sustainability in water supply systems (WSS) optimization has become a critical issue in a world where 
water scarcity, population growth, and the effects of climate change are putting unprecedented pressure on 
existing infrastructures [8]. These systems must not only ensure reliable and efficient supply, but also balance 
economic, social, and environmental objectives, making them a complex challenge for engineering and 
resource management [9]. However, the uncertainty inherent in factors such as variability in demand, 
operating costs, and weather conditions makes it difficult to apply traditional optimization approaches, 
which are often insufficient to handle the imprecision and indeterminacy present in the data [10]. 
Historically, WSS planning has evolved from empirical rule-based approaches to advanced mathematical 
models that incorporate multi-objective optimization techniques [11]. Despite these advances, most existing 
methods fail to adequately integrate the uncertainty and subjectivity associated with planning decisions, 
which limits their applicability in real-world scenarios [12]. In this sense, Neutrosophic Logic emerges as a 
promising tool, as it allows handling degrees of truth, indeterminacy and falsity, offering a more flexible and 
robust framework for decision-making under uncertainty [13]. 

The central problem addressed by this study is the lack of an integrated approach that combines multi-
objective optimization with Neutrosophic Logic to address sustainability in WSS. How can water supply 
systems be optimized by simultaneously considering cost minimization, loss reduction, and energy 
efficiency improvement, while managing uncertainty in data and models? This question guides the research, 
seeking to develop a model that overcomes the limitations of traditional approaches and provides more 
adaptive and resilient solutions. The objectives of this study are, first, to propose a Neutrosophic Multi-
Objective Model (MMN) that integrates Neutrosophic Logic in WSS optimization, and second, to 
demonstrate its applicability in a real case study, evaluating its ability to handle uncertainty and provide 
sustainable solutions. These objectives are aligned with the research question and seek to contribute to both 
theoretical and practical advancement in the field of water resources management. Sustainability in WSS 
optimization involves not only resource use efficiency but also the ability to adapt to changing conditions 
and ensure equity in access to water. In this context, MMN offers an innovative perspective by incorporating 
Neutrosophic Logic, which allows for capturing uncertainty and variability in data and models. This is 
particularly relevant in regions where water resources are limited, and climatic conditions are unpredictable 
[14]. 

Furthermore, MMN not only focuses on cost minimization and loss reduction but also considers social 
and environmental aspects, such as service quality and ecological impact. This holistic approach is essential 
to ensure that the proposed solutions are not only economically viable but also socially fair and 
environmentally sustainable. In this sense, MMN represents a significant advance in the field of WSS 
optimization, as it provides a more comprehensive and flexible framework for decision-making. The 
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application of MMN in a real case study demonstrates its ability to handle uncertainty and provide 
sustainable solutions. The results show that MMN not only overcomes the limitations of traditional 
approaches but also offers more adaptive and resilient solutions, capable of facing current and future 
challenges in water resources management. This underlines the importance of adopting innovative 
approaches that integrate uncertainty and sustainability in WSS planning and management. Sustainability 
in the optimization of water supply systems is a complex challenge that requires innovative and flexible 
approaches. The MMN proposed in this study represents a significant advance in this field, as it combines 
multi-objective optimization with Neutrosophic Logic to manage uncertainty and provide sustainable 
solutions. This approach not only contributes to theoretical progress in the field of water resources 
management but also offers practical tools to improve the efficiency, equity, and resilience of water supply 
systems in an increasingly uncertain and changing world. 

2.2. Neutrosophic Genetic Algorithms (NGAs) 
 

Genetic Algorithms (GAs) are optimization and search techniques inspired by principles of biological 
evolution such as natural selection, mutation, and recombination. These algorithms have proven effective in 
solving complex problems in diverse areas, from engineering to artificial intelligence. However, in many 
real-world scenarios, uncertainty, imprecision, and vagueness are inherent in data and models [15]. This is 
where Neutrosophic Sets and Neutrosophic Logic, introduced by Florentin Smarandache, offer a robust 
theoretical framework to handle these uncertainties. 

Neutrosophic Genetic Algorithms (NGAs) combine the principles of traditional GAs with Neutrosophic 
Logic, allowing the manipulation of imprecise, indeterminate and inconsistent information. This chapter 
presents a detailed description of NGAs, including their theoretical foundations, mathematical formulations 
and potential applications. 

Fundamentals of Neutrosophic Logic [16]. 

 
Neutrosophic Logic is a generalization of Fuzzy Logic and Intuitionistic Logic, which allows the 

representation of information that is simultaneously true, false, and indeterminate. A neutrosophic set A in 
a universe X is defined as: 
 A = { ⟨x, 𝑇𝑎(x), 𝐼𝑎(x), 𝐹𝑎(𝑥)⟩ ∣∣ x ∈ X }             (1) 

 
where: 

• 𝑇𝑎(x)  is the degree of truth, 

• 𝐼𝑎(x) is the degree of indeterminacy, 

• 𝐹𝑎(𝑥) is the degree of falsehood. 

 
These degrees are functions that assign to each element x a value in the interval [0,1], and satisfy the 

condition: 
 0 ≤ 𝑇𝑎(x) + I𝑎(x) + F𝑎(x) ≤ 3            (2) 
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Traditional Genetic Algorithms [17-19]. 

 
A traditional Genetic Algorithm consists of the following steps: 

1. Initialization: An initial population of candidate solutions is generated. 

2. Evaluation: The fitness of each individual in the population is evaluated. 

3. Selection: Individuals are selected for reproduction based on their fitness. 

4. Crossing (Recombination): The characteristics of two individuals are combined to produce 

offspring. 

5. Mutation: Random changes are introduced into the offspring. 

6. Replacement: A new population is formed with the selected individuals and their offspring. 

7. Termination: The algorithm terminates when a stopping criterion is reached. 

Neutrosophic Genetic Algorithms (NGAs) [20, 21]  

 
NGAs extend traditional GAs by incorporating Neutrosophic Logic into several aspects of the algorithm, 

including individual representation, fitness evaluation, selection, crossover, and mutation. 
By classifying each generation of the Genetic Algorithm (GA) into three distinct solution spaces—true, 

false, and indeterminate—the proposed Neutrosophic Genetic Algorithm (NGA) framework effectively 

incorporates neutrosophic reasoning into the evolutionary process. This structure allows for a differentiated 

treatment of chromosomes based on their logical nature, enabling the algorithm to systematically manage 

the behavior of true, false, and indeterminate individuals within their respective subspaces. As a result, the 

model can identify both optimal and near-optimal solutions within the true solution space, while also 

enhancing robustness under uncertainty. 
Neutrosophic Genetic Algorithms [20] represent a powerful extension of traditional GAs, allowing the 

manipulation of imprecise, indeterminate, and inconsistent information. By incorporating Neutrosophic 
Logic into each step of the algorithm, NGAs offer a robust framework for optimization and decision-making 
in complex and uncertainty-filled environments. 

In the proposed Neutrosophic Genetic Algorithm (NGA) framework, the population in each generation 
is partitioned into three distinct neutrosophic solution spaces: 

 
• True Solution Space (TSS) 
• False Solution Space (FSS) 
• Indeterminate Solution Space (ISS) 

 
Let 𝑃(𝑡) = {𝑥1(𝑡), 𝑥2(𝑡), … , 𝑥𝑛(𝑡)} be the population at generation 𝑡, and let 𝑓(𝑥) denote the fitness function. 

Each individual 𝑥𝑛(𝑡) ∈ 𝑃(𝑡) is assigned to one of the three spaces according to the following classification: 
 
 
 

• True Solution Space (TSS): 

 𝑥𝑛(𝑡) ∈ 𝑇𝑆𝑆 𝑖𝑓 𝑑𝑓(𝑥𝑛(𝑡))𝑑𝑡 > 0           (3) 
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Individuals in TSS demonstrate a monotonic increase in fitness, converging toward optimal or near-
optimal solutions. These represent individuals with high alignment to the "truth" dimension in neutrosophic 
reasoning. 

 
• False Solution Space (FSS): 

 𝑥𝑛(𝑡) ∈ 𝐹𝑆𝑆 𝑖𝑓 𝑑𝑓(𝑥𝑛(𝑡))𝑑𝑡 < 0          (4) 

 
Individuals in FSS experience declining fitness values as the algorithm progresses, representing solutions 

moving away from feasibility or optimality. 
 

• Indeterminate Solution Space (ISS): 

 𝑥𝑛(𝑡) ∈ 𝐹𝑆𝑆 𝑖𝑓 𝑑𝑓(𝑥𝑛(𝑡))𝑑𝑡 ≈ 0,           (5) 

 
ISS contains individuals whose evolutionary trajectory is ambiguous or unstable. Their fitness may 

increase or decrease unpredictably across generations, reflecting the indeterminacy dimension of 
neutrosophic modeling. 

This triadic classification enhances the evolutionary process by allowing differentiated genetic operations 
(selection, crossover, mutation) within each solution space.  

2. Materials and Methods  

 
The Neutrosophic Multi-Objective Model (NMM) proposed in this paper seeks to optimize water supply 

systems (WSS) under a sustainability approach, considering the uncertainty and variability inherent to these 
systems. The model extends the work of [1] by incorporating a third criterion: resilience, along with the 
traditional objectives of cost minimization and energy losses. This approach uses Neutrosophic Logic to 
handle uncertainty in data and models, allowing for more robust and adaptable decision-making [22-24]. 

Problem Formulation 
 

The design of water supply systems (WSS) must address multiple conflicting objectives, such as cost 
minimization, energy loss reduction, and resilience maximization. C(P) : Total cost of the system, including 
pipe installation, maintenance, and operation. 

1. 𝐸( 𝑃): Energy loss due to pressure and friction losses in the network. 

2. 𝑅( 𝑃): System resilience, which ensures that pipe diameters at any node are balanced to prevent 

structural weaknesses and allow for rapid recovery from disruptions. 

The objective function is defined as: 
 Maximize  P = 𝑊𝐶(1 − 𝐶𝑁) + 𝑊𝐸(1 − 𝐸𝑁) + 𝑊𝑅𝑅𝑁             (6) 

 
where: 

• Cn: Normalized total cost of the system. 

• En: Normalized energy losses. 
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• Rn: Normalized resilience 

• 𝑊𝐶  , 𝑊𝐸  , 𝑊𝑅  : Weights assigned to cost, energy, and resilience respectively, reflecting the decision-

makers’ priorities 

Resilience is calculated as: 
 𝑹(𝑷) = 𝑫𝑴𝑨𝑿−𝑫𝑴𝑰𝑵𝑫𝑴𝑨𝑿                               (7) 

 
where: 

• Dmax: Maximum diameter of the pipes at a node. 

• Dmin: Minimum diameter of the pipes at a node. 

A higher value of R(P) Indicates that the pipes at a node have balanced diameters, making the network 
more adaptable to unexpected flow variations. 

2.1 Genetic Algorithm with Adaptive Weights: 

✓ Chromosomes represent plumbing configurations. 

✓ Crossovers and mutations adjust diameter selections based on resilience constraints. 

✓ Neutrosophic uncertainty functions are used to adapt the weight values over the 

iterations. 

Figure 1 illustrates the procedural flow of the proposed Next Generation Algorithm (NGA). 
 
The algorithm begins by initializing a population and evaluating individual fitness. Based on the fitness 

trend over time, individuals are dynamically assigned to one of three solution spaces—TSS, ISS, or FSS—
each governing a different evolutionary strategy. The loop continues until the termination condition is met, 
and the final population yields both optimal and suboptimal solutions. 
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Figure 1. Operational flow of NGA with TSS, ISS, and FSS classifications. 
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The procedural steps outlined in Figure 1 are formalized in the following pseudocode, which explicitly 
defines the logic of the NGA, including the classification and handling of solutions across the TSS, ISS, and 
FSS spaces. 

Algorithm 1. Neutrosophic Genetic Algorithm (NGA) 

Output: Set of optimal and suboptimal solutions 

1: Initialize Population with random individuals 

2: Evaluate fitness for each individual 

3: Set Iteration ← 0 

4: while Iteration < MaxIterations do 

5:     Classify individuals into: 

            - TSS (True Solution Space) 

            - ISS (Indeterminate Solution Space) 

            - FSS (False Solution Space) 

6:      

7:     Preserve individuals in TSS 

8:      

9:     Apply crossover and mutation to individuals in ISS 

10:    Generate new candidates from the resulting offspring 

11: 

12:    Discard individuals in FSS 

13:    Generate new random individuals to replace them 

14: 

15:    Combine TSS, updated ISS, and regenerated FSS individuals 

16:    Evaluate fitness of the new population 

17:     

18:    Compare with previous best solutions 

19:    If improvements found, update elite archive 

20: 

21:    Iteration ← Iteration + 1 

22: end while 

23: Return best solutions from TSS and improved individuals from ISS 

 

This algorithmic structure ensures that the search process not only exploits high-fitness solutions (TSS) 
but also explores uncertain regions (ISS) with adaptive learning, while eliminating consistently poor 
candidates (FSS). By dynamically managing the evolutionary behavior of individuals across these 
neutrosophic spaces, the NGA enhances the robustness and exploratory capacity of the optimization process. 
Consequently, the proposed NMM framework is capable of delivering sustainable design alternatives for 
water supply systems that balance cost efficiency, energy performance, and structural resilience under 
uncertainty. 
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4. Results  

 

To evaluate the practical effectiveness of the proposed Neutrosophic Multi-Objective Model (NMM), a 

real-world case study was conducted involving the design of an urban water supply system (WSS). The 

model was tested under multiple design constraints and uncertainty conditions, reflecting the typical 

challenges of urban infrastructure planning. Through the integration of neutrosophic reasoning and 

evolutionary optimization, the NMM demonstrated notable improvements in key performance metrics 

compared to traditional design approaches. 

 
• The application of the proposed Neutrosophic Multi-Objective Model (NMM) to an urban water 

supply system (WSS) design case study yielded significant improvements across multiple 
performance indicators: 

 
• Cost Reduction: Achieved up to a 17% decrease in total system cost compared to baseline designs, 

due to the efficient allocation of resources. 
 

• Energy Loss Minimization: Reduced energy losses by 11%, attributed to the optimal selection of pipe 
diameters and improved hydraulic performance. 

 
• Resilience Enhancement: Increased system resilience by 33%, ensuring better adaptability to future 

demand fluctuations and unexpected operational failures. 

 
Figure 2. NMM vs. Baseline: Comparative performance across key sustainability indicators. 

 
The proposed model offers a robust, adaptable, and cost-effective solution for the planning and 

management of modern urban water distribution systems. By incorporating Neutrosophic Logic, the NMM 
enables decision-makers to account for uncertainty, partial information, and conflicting objectives in a 
structured and quantifiable manner. 

This framework empowers engineers and public authorities to move beyond deterministic optimization 
approaches by integrating resilience as a central design criterion—alongside cost and energy considerations. 
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This is particularly valuable in contexts with high variability in water demand, socio-environmental 
uncertainty, and limited infrastructure predictability. 

In summary, the Neutrosophic Multi-Objective Model enhances traditional WSS optimization 
methodologies by delivering solutions that are not only economically viable, but also sustainable and resilient, 
ensuring long-term performance in an increasingly uncertain and complex urban environment. 

5. Conclusions  

The present study proposes a Neutrosophic Multi-Objective Model (NMM) for the optimization of water 
supply systems (WSS), integrating cost minimization, energy loss reduction, and resilience maximization as 
key criteria. The results obtained demonstrate that this approach not only overcomes the limitations of 
traditional methods but also offers more adaptive and sustainable solutions in high-uncertainty environments. 
The application of the model in a real case study evidenced significant improvements in energy efficiency, cost 
reduction, and system resilience to disturbances. The practical relevance of these findings lies in their 
applicability to design more resilient and sustainable water supply systems, especially in regions with high 
variability in demand and unpredictable environmental conditions. This model provides decision-makers with 
a robust tool to balance economic, social, and environmental objectives, which is crucial in a global context 
where water resource scarcity and the effects of climate change are increasingly evident. 

Among the main contributions of the study is the integration of Neutrosophic Logic into multi-objective 
optimization, which allows to handle uncertainty and variability in the data more effectively. Furthermore, the 
inclusion of resilience as an explicit criterion in the model represents a significant advance in the field of water 
resources management, as it ensures that systems are not only efficient but also adaptable in the long term. This 
innovative approach extends the previous work of Hechavarría [1] and provides a more comprehensive 
analytical framework for decision-making in WSS. However, the study is not free of limitations. The complexity 
of the model and the need for accurate data to calibrate the neutrosophic parameters may represent a challenge 
in its practical implementation. Furthermore, the results obtained are conditioned by the specific context of the 
case study, which could limit their generalization to other scenarios with different geographical, climatic or 
socio-economic characteristics. For future research, it is recommended to explore the integration of artificial 
intelligence and machine learning techniques with the neutrosophic approach, which could improve the 
accuracy and adaptability of the model in real-time. Likewise, it would be beneficial to extend the study to 
different regions and scales, from urban systems to rural networks, to validate the applicability of the model in 
various contexts. Finally, the incorporation of additional criteria, such as water quality and environmental 
impact, could further enrich the proposed framework, contributing to the design of truly sustainable and 
resilient water supply systems.  
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Abstract. The present study investigates a central problem in the field of virtual education: how it influences 
the use of Google Meet in the Oral Production Competition of University Students at a public university in 
Lima. The research issue focuses on determining whether this platform, widely integrated into current 
educational environments, effectively contributes to the development of oral communicative skills in a 
foreign language. In a context where digital technologies are essential for teaching, understanding their real 
impact is essential to optimize learning processes in non-face-to-face modalities. Therefore, this 
investigation adopts an innovative approach based on neutral Z numbers, which allows to the analysis of 
student perceptions with greater depth, including aspects of certainty, uncertainty and denial. The relevance 
of this issue lies in the growing dependence of higher education institutions of virtual and hybrid 
environments, as well as the strategic importance of the English domain in a globalized world. However, 
previous studies on platforms such as Google Meet have tended to privilege traditional quantitative 
approaches, leaving aside the complexity of students' subjective perceptions. To address this lagoon, semi-
structured interviews with 40 students were used, evaluated by neutral Z numbers and compared to the U-
Whitney U test. The results indicate significant differences between those who intensively use the platform 
and those who do not, highlighting greater confidence in oral production among the former. This research 
not only enriches the theoretical framework by introducing a novel methodology but also offers practical 
recommendations to enhance English teaching through digital tools. 
 

Keywords: Google Meet, Oral Production Competence, English, Neutrosophic Z Numbers, Virtual 
Education, University Students, Language Teaching, Educational Technology. 
 

1. Introduction 

 

In an increasingly interconnected world, the ability to communicate orally in English has become 

established as an essential skill for university students, especially in globalized academic and professional 

environments. This study examines how the use of Google Meet, a widely adopted videoconferencing 

platform, impacts the development of oral production in English among students at a public university in 

Lima. The relevance of this research lies in its ability to shed light on the potential of digital tools in language 

teaching, a critical area in higher education today. According to recent research, mastery of a foreign 

language significantly improves job and academic opportunities [1], underscoring the need to explore how 
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technologies can optimize this learning. Historically, language teaching has transitioned from face-to-face 

methods based on memorization to communicative approaches supported by technological resources. In 

the last decade, platforms such as Google Meet have gained ground in virtual classrooms, transforming the 

way students interact with their teachers and peers. This shift, driven by the digitalization of education, has 

opened up new possibilities but has also raised questions about its actual effectiveness. Previous studies 

have highlighted the role of videoconferencing in improving student-teacher interaction [2], paving the way 

for more specific research on language skills. 

Today, public universities in Peru face the challenge of integrating accessible technologies into their 

curricula, especially in contexts where resources are limited. Google Meet, due to its ease of use and 

availability, has become a key tool for synchronous classes, allowing students to practice English in real-

time. However, it is unclear whether this platform effectively strengthens oral production, a skill that 

requires confidence, fluency, and accuracy [3]. This panorama motivates an in-depth analysis of its impact 

on learning. The problem addressed by this study arises from the uncertainty about how digital platforms, 

such as Google Meet, influence oral communicative skills in English. Although its use is widespread, doubts 

persist as to whether it truly encourages oral expression or if, on the contrary, technical and pedagogical 

limitations hinder it. How does the use of Google Meet contribute to the development of oral production in 

English among university students, considering subjective perceptions and the uncertainty inherent in their 

experience? This question, still without a definitive answer, guides the direction of the research. Several 

authors have explored the use of technologies in language teaching, highlighting benefits such as flexibility 

and accessibility [4]. However, most of these works have focused on quantitative metrics, such as the 

number of participants, leaving aside more complex perceptions of students, such as confidence in their oral 

skills. This gap in the literature justifies the need for an approach that goes beyond numerical data and 

addresses the ambiguity of individual experiences, an aspect that this research seeks to cover. Furthermore, 

the Peruvian context adds a layer of relevance to the study. Public universities, such as the National Agrarian 

University La Molina (UNALM), operate under conditions that demand practical and effective solutions to 

improve English teaching [5]. Oral production, in particular, is a skill that students often perceive as 

challenging due to the lack of practice in authentic environments [6]. Therefore, evaluating the role of Google 

Meet in this process not only has pedagogical implications but also social and economic ones. 

To address these concerns, the study employs neutrosophic Z-numbers, a methodology that captures 

truth, indeterminacy, and falsity in students' perceptions, offering a more comprehensive analysis than 

traditional approaches. This tool allows us to explore how university students evaluate their progress in 

oral production when using Google Meet, considering both their certainties and their doubts. Thus, the 

research positions itself as a bridge between theory and practice, with an innovative approach adapted to 

the challenges of the present. 

The study's objectives are clear and aligned with the question posed. First, it seeks to determine the 

impact of intensive Google Meet use on self-perceptions of English-speaking proficiency among first-year 

students at UNALM. Second, it aims to identify significant differences between those who use the platform 

frequently and those who do not, using a neutrosophic analysis. Finally, the paper aims to propose 

pedagogical strategies based on the findings to optimize English teaching in virtual environments. These 

objectives will be developed throughout the article, offering a significant contribution to the field of 

education. 

 
1. Preliminares 

1.1 Oral Oral production proficiency 

Oral production proficiency in a foreign language, such as English, represents a key skill that enables 

individuals to interact effectively in diverse contexts, from academic to professional. This mastery is not 

limited to correctly pronouncing words but encompasses the ability to convey ideas, adapt to 

communicative situations, and use language appropriate to the interlocutor. In a globalized world where 

communication transcends borders, its importance is undeniable. However, achieving this skill poses 
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significant challenges, especially for university students who face barriers such as lack of practice or 

insecurity when expressing themselves. Historically, the teaching of oral production has evolved from rigid 

approaches focused on rote repetition to communicative methods that prioritize real-life interaction. Today, 

digital technologies, such as videoconferencing platforms, have transformed this landscape by offering 

environments where students can practice in real-time. However, this transition does not automatically 

guarantee success. Effectiveness depends on how these tools are integrated into teaching processes and on 

teachers' ability to foster an environment that encourages oral expression without fear of error [7]. 

A crucial aspect to consider is that oral production is not an isolated skill, but rather intertwined with 

linguistic, sociolinguistic, and pragmatic components. For example, mastering vocabulary and grammar is 

essential, but understanding the cultural norms that govern conversation is equally important [1]. This 

complexity requires students not only to memorize structures but also to apply them in authentic contexts. 

However, many educational programs still prioritize written comprehension over oral expression, leaving 

learners insufficiently prepared for practical situations. Furthermore, self-perception plays a determining 

role in the development of this skill. Students who feel insecure tend to participate less, which limits their 

opportunities for improvement. Conversely, those who perceive progress in their fluency tend to be more 

willing to interact, generating a virtuous cycle of learning. In this sense, digital platforms can act as catalysts 

by offering safe spaces for practice, although their impact varies depending on the frequency of use and the 

quality of the activities proposed [8]. 

 

Figure 1. Dimensions and factors associated with oral production proficiency in English as a foreign language 
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Another point to consider is the influence of the educational environment on oral production. Virtual 

classrooms, for example, allow students to connect with native speakers or peers from different regions, 

enriching the communicative experience. However, the lack of immediate feedback or the dependence on 

stable connections can become obstacles. Thus, while technology expands possibilities, it also imposes 

challenges that teachers must overcome with well-designed strategies. From a critical perspective, it is worth 

asking whether current educational systems are equipped to prioritize this skill. In many cases, the 

assessment of oral production is reduced to formal exams that do not reflect the spontaneity of a real 

conversation [9]. This disconnect suggests the need to rethink teaching and assessment methods, integrating 

activities that simulate every day or professional contexts where English is an active tool[10]. 

On the other hand, motivation emerges as an essential factor for success in this area. When students see 

a clear purpose in improving their oral expressions such as advancing their careers or traveling—their 

engagement increases significantly. Technologies can enhance this motivation by facilitating debates, 

simulations, or exchanges that make learning relevant and dynamic. However, without adequate guidance, 

the use of these tools could remain a superficial exercise. In the Peruvian university context, oral production 

competency takes on special relevance due to the demands of the globalized labor market [8]. Recent studies 

indicate that graduates with strong English communication skills have greater employment opportunities 

in competitive sectors [11]. However, resource constraints at public universities often restrict access to 

intensive practice, highlighting the urgency of leveraging accessible tools such as Google Meet to close this 

gap. 

Considering the above, it can be argued that the development of oral production requires a 

multidimensional approach that combines technology, innovative pedagogy and institutional support [10]. 

Current research highlights that digital platform, when used intentionally, improve students' confidence 

and fluency [12]. However, their implementation must be accompanied by teacher training and activities 

that prioritize authentic interaction over passive memorization. 

In conclusion, oral production skills are a fundamental pillar of university student training but 

strengthening them requires overcoming traditional inertia and embracing modern approaches. The 

integration of digital technologies offers a promising path, provided that strategies are designed that 

respond to the real needs of learners [13,14]. Valuing this skill not only implies recognizing its immediate 

impact, but also its potential to transform personal and professional trajectories in an increasingly 

interdependent environment. 

 

2.1. Neutrosophic Z Numbers. 

 

This section contains the main concepts used in this article; let's start with the formal definition of the set 
of neutrosophic Z numbers. 

Definition 1 ([15-17]). Let X be a set of universes. A neutrosophic number Z The set in X is defined as follows: 𝑆𝑍 = {〈𝑥, 𝑇(𝑉, 𝑅)(𝑥), 𝐼(𝑉, 𝑅)(𝑥), 𝐹(𝑉, 𝑅)(𝑥)〉: 𝑥 ∈ 𝑋}                  (1) 

Where 𝑇(𝑉, 𝑅)(𝑥) = (𝑇𝑉(𝑥), 𝑇𝑅(𝑥)), 𝐼(𝑉, 𝑅)(𝑥) = (𝐼𝑉(𝑥), 𝐼𝑅(𝑥)), 𝐹(𝑉, 𝑅)(𝑥) = (𝐹𝑉(𝑥), 𝐹𝑅(𝑥))are functions 
from X to [0, 1]2, which are the ordered pairs of truth, indeterminacy, and falsity, respectively. The first 
component V is the neutrosophic values at X , and the second component R is the neutrosophic reliability 
measures for V , satisfying the conditions 0 ≤ 𝑇𝑉(𝑥) + 𝐼𝑉(𝑥) + 𝐹𝑉(𝑥) ≤ 3and 0 ≤ 𝑇𝑅(𝑥) + 𝐼𝑅(𝑥) + 𝐹𝑅(𝑥) ≤ 3. 

For convenience, we denote it 〈x, T(V, R)(x), I(V, R)(x), F(V, R)(x)〉as SZ = 〈T(V, R), I(V, R), F(V, R)〉 =〈(TV, TR), (IV, IR), (FV, FR)〉what is called NZN. 

Definition 2 ([15-17]). LetSZ1 = 〈T1(V, R), I1(V, R), F1(V, R)〉 = 〈(TV1 , TR1), (IV1 , IR1), (FV1 , FR1)〉 andSZ2 =〈T2(V, R), I2(V, R), F2(V, R)〉 = 〈(TV2 , TR2), (IV2 , IR2), (FV2 , FR2)〉 Let NZN and be two λ > 0. Then , we get the 
following relationships : 
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1. SZ2 ⊆ SZ1 ⇔ TV2 ≤ TV1 , TR2 ≤ TR1 , IV1 ≤ IV2 , IR1 ≤ IR2 , FV1 ≤ FV2 , FR1 ≤ FR2, 
2. SZ1 = SZ2 ⇔ SZ2 ⊆ SZ1and SZ1 ⊆ SZ2, 
3. SZ1 ∪ SZ2 = 〈(TV1 ∨ TV2 , TR1 ∨ TR2), (IV1 ∧ IV2 , IR1 ∧ IR2), (FV1 ∧ FV2 , FR1 ∧ FR2)〉, 
4. SZ1 ∩ SZ2 = 〈(TV1 ∧ TV2 , TR1 ∧ TR2), (IV1 ∨ IV2 , IR1 ∨ IR2), (FV1 ∨ FV2 , FR1 ∨ FR2)〉, 
5. (SZ1)𝑐 = 〈(FV1, FR1), (1 − IV1 , 1 − IR1), (TV1 , TR1)〉, 
6. SZ1 ⊕ SZ2 = 〈(TV1+TV2 − TV1TV2 , TR1+TR2 − TR1TR2), (IV1IV2 , IR1IR2), (FV1FV2 , FR1FR2)〉, 
7. SZ1 ⊗ SZ2 = 〈(TV1TV2 , TR1TR2), (IV1+IV2 − IV1IV2 , IR1+IR2 − IR1IR2), (FV1+FV2 −FV1FV2 , FR1 + FR2 − FR1FR2)〉, 
8. λSZ1 = 〈(1 − (1 − TV1)𝜆, 1 − (1 − TR1)𝜆) , (𝐼V1𝜆 , 𝐼R1𝜆 ), (𝐹V1𝜆 , 𝐹R1𝜆 )〉, 
9. 𝑆Z1λ = 〈(𝑇𝑉1𝜆 , 𝑇𝑅1𝜆 ), (1 − (1 − 𝐼𝑉1)𝜆, 1 − (1 − 𝐼𝑅1)𝜆) , (1 − (1 − 𝐹𝑉1)𝜆, 1 − (1 − 𝐹𝑅1)𝜆)〉. 

To compare two NZNs that have SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2), 
we have the scoring function:[18,19] Υ(SZ𝑖) = 2+TV𝑖TR𝑖−IV𝑖IR𝑖−FV𝑖FR𝑖3                (2)  

Note that Υ(SZ𝑖) ∈ [0, 1]. Therefore, Υ(SZ2) ≤ Υ(SZ1)implies SZ2 ≼ SZ1. 

Let's illustrate equation 2 with an example. 

Example 1. Let SZ1 = 〈(0.9, 0.8), (0.1,0.9), (0.2,0.9)〉, then we have Υ(SZ1) =2+(0.9)(0.8)−(0.1)(0.9)−(0.2)(0.9)3 = 0.81666. 

Definition 3 ([15-17] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2 , … , n) 
be a set of NZN and NZNWAA is a map from [0, 1]𝑛into [0, 1], such that the operator NZNWAA is defined 
as follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        (3)𝑛𝑖=1   

Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 

Thus, the NZNWAA formula is calculated as: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = 〈(1 − ∏ (1 − TV𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1TR𝑖)𝜆𝑖) , (∏ 𝐼V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐼R𝑖𝜆𝑖𝑛𝑖=1 ) , (∏ 𝐹V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐹R𝑖𝜆𝑖𝑛𝑖=1 )〉                 (4)   
NZNWAA satisfies the following properties: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐴𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐴𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

Definition 4 ([15-17] ) . Le  SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2 , … , n) 
be a set of NZN and NZNWGA be a map into [0, 1]𝑛, [0, 1]such that the operator NZNWGA is defined as 
follows: 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝑆Z𝑖𝜆𝑖                        (5)𝑛𝑖=1   

Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 
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Therefore, the NZNWGA formula is calculated as: 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆𝑍1 , 𝑆𝑍2 , ⋯ , 𝑆𝑍𝑛) = 〈(∏ 𝑇𝑉𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝑇𝑅𝑖𝜆𝑖𝑛𝑖=1 ) , (1 − ∏ (1 − 𝐼𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐼𝑅𝑖)𝜆𝑖𝑛𝑖=1 ) , (1 −∏ (1 − 𝐹𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐹𝑅𝑖)𝜆𝑖𝑛𝑖=1 )〉                 (6)   
NZNWGA satisfies the following properties: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐺𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐺𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

 

3. Material and Methods 

Study Design 

This research employed a quasi-experimental parallel-group design involving an experimental group 

and a control group. A mixed-method approach was adopted, combining quantitative analysis using 

neutrosophic Z-numbers and non-parametric statistical testing through the Mann–Whitney U test. 

Participants 

A random sample of 30 first-year undergraduate students from the National Agrarian University La 

Molina (UNALM) was selected. Participants were evenly divided into an experimental group (n=15) and a 

control group (n=15). 

Inclusion criteria: 

• Students enrolled in English as a foreign language courses at the intermediate level 
• Sex : male or female 

• People between 18 and 25 years old 

• Students who have signed the informed consent 
• Students with stable internet access and suitable devices for video conferencing 

• Students with no prior experience in exclusively virtual oral training 

Exclusion criteria: 

• Students with native or advanced English level 
• Students who have completed academic stays in English-speaking countries during the last year 

• Students with recurring technical problems that prevent the proper use of virtual platforms 

• Students who are absent from the intervention plan for three or more consecutive sessions 

• Students simultaneously enrolled in other English-speaking courses 
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This research project was developed in the following phases: 

Phase I 
 

An initial interview was conducted with the participants, during which they were informed about the 

study topic, objectives, and assessments. They were informed about the use that would be made of the 

results obtained during the study, emphasizing that data would only be collected from those who had 

voluntarily signed the informed consent form. In addition, they were given a diagnostic oral proficiency test 

in English to ensure initial homogeneity among the groups. 

 

Phase II 

 

Subsequently, the participating students underwent the respective assessments, beginning with the 

collection of demographic and academic data to identify their linguistic profile and prior experience with 

digital tools. Oral production skills were then assessed using the Oxford Oral Placement Test, focusing 

primarily on fluency, pronunciation, vocabulary, grammar, and discourse coherence. Each assessment 

lasted between 15 and 20 minutes per participant. Oral proficiency tests were also administered at the end 

of the intervention, and the results were compiled in a database. 

 

Phase III 

 

The intervention plan focused on developing oral proficiency in English was implemented. For the 

experimental group, Google Meet was used as the primary platform, leveraging features such as breakout. 

rooms , shared whiteboard, real-time surveys, and session recordings. Specific activities were designed to 

promote oral interaction, including debates, presentations, role- plays , and guided discussions. For the 

control group, traditional face-to-face teaching methods were used with the same content and activities, but 

without technological mediation. The intervention protocol lasted 90 minutes per session, with two sessions 

per week for one academic semester (16 weeks). 

 

Phase IV 

 

Finally, a post-assessment was conducted using the same Oxford Oral Placement Test to identify the 

effects achieved during the intervention. Additionally, the experimental group administered a satisfaction 

survey on the learning experience mediated by Google Meet. 

 

Instruments and Data Analysis 

 

Neutrosophic Z-Number Evaluation 

English language instructors evaluated each student using three score pairs (truth, indeterminacy, and 

falsity) for 16 components of oral production (e.g., fluency, intonation, vocabulary accuracy, pragmatic 

competence). 

 

Conversion of Linguistic to Numerical Scores 

Linguistic descriptors such as "High" or "Very Certain" were mapped to numerical values ranging from 0.1 

to 0.9 based on a reliability scale. 
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Data Aggregation and Scoring 

Neutrosophic evaluations were aggregated using the NZNWAA (4) operator, and converted into scalar 

scores using the scoring function Υ (upsilon). The two groups' scores were statistically compared using the 
Mann–Whitney U test at a significance level of 0.05. 

 

Satisfaction Survey 

The experimental group completed a structured survey assessing usability, audio/video quality, 

interaction, and tool-specific features of Google Meet. 

 

4. Results. 

The tests applied are evaluated according to the following evaluation and reliability scale shown below: 

Table 1: Linguistic truth and reliability values and their corresponding numerical value. 

Numerical value equivalent Reliability linguistics value  Truth linguistic value  
0.1 Very bit sure Very low 

0.3 I'm not very sure Low 

0.5 Not even sure neither insecure Half 
0.7 Sure High 

0.9 Very sure Very high 

 

Expert English language teachers were asked to form three pairs of scores for each student's performance 

on the assessed components of oral production. 

For example, an evaluator evaluates a student p as satisfying the component named c with a Z-number 

equivalent to the pair (High, Certain). Or, in other words, he is "Confidence" that p realizes a "High" truth 

value; a linguistic Z-number of falsity (Very Low, Very Certain), i.e., he is "Very Certain" that it is false that 

p realizes the component with a "Very Low" value; and with a linguistic Z-number of Indeterminacy (Low, 

Certain), i.e., he is "Confidence" that indeterminacy has a "Low" level. Therefore, the equivalent numerical 

neutrosophic Z-number is 〈 ( 0.7,0.7),(0.3,0.7),(0.1,0.9) 〉 according to the numerical values of the scale 

shown in Table 1. 

Then, we denote by P E ={ p e1 ,p(e 2 , ⋯ ,) p e15 } the students who are part of the experimental group, and 

by P C ={p c1 ,p ( c2 , ⋯ ,) p c15 } the students who are part of the control group. 

The components of oral English proficiency to be assessed are the following: 

1. Fluency and coherence 

2. Pronunciation of vowels 

3. Pronunciation of consonants 

4. Intonation and rhythm 

5. General vocabulary 

6. Vocabulary specialized 

7. Precision grammatical in simple structures 

8. Precision grammatical in structures complex 

9. Using connectors discursive 

10. Organization of ideas 

11. Argumentation skills 
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12. Adaptation to the context communicative 

13. Reformulation capacity 

14. Competence pragmatics 

15. Ability for maintain interaction 

16. Communication strategies 

The following procedure was performed for the experiment: 

• The evaluator evaluates the ith student in the control group ( p ci ∈ P C , i = 1,2, … ,15) on their 
performance on the jth component ( c j , j = 1,2, … ,16). Separately, another evaluator evaluates 
the ith student in the experimental group ( p ei ∈ P E , i = 1,2, … ,15) on their performance on the 
jth component ( c j , j = 1,2,…,16). To do so, they use the linguistic values of the neutrosophic Z 
numbers according to the scale shown in Table 1. 

• Let x( e ij ) be the evaluator's assessment of the ith student with the jth component in the 
experimental group. Similarly, x( c ij ) is the equivalent of the students in the control group. 

Please note that 

x( e ij ) = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2, …, n) 

are the measurement values in NZN format. 

• The values for each student are aggregated for each group and for all components. To do this, 
the NZNWAA aggregation operator is used. The procedure shown in Equation 4 is applied as 
follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1, SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        𝑛𝑖=1   

• The obtained values of x ̅ ( e i ) and x ̅ ( c i ) are converted into individual numerical values with 
the help of Equation 2 using the following formulas : 𝑥̿𝑒𝑖 = Υ(𝑥̅𝑒𝑖) and 𝑥̿𝑐𝑖 = Υ(𝑥̅𝑐𝑖). 

• The Mann- Whitney U test is applied to the two groups of data G e ={ x ̿ ( e i )} and Gc ={x ̿ ( c i )}. 

Recall that the Mann- Whitney U test is based on the following equations: 

𝑈1 = 𝑛1𝑛2 + 𝑛1(𝑛1 + 1)2 − 𝑅1            𝑈2 = 𝑛1𝑛2 + 𝑛2(𝑛2 + 1)2 − 𝑅2              
Where n 1 is the sample size for one group, n 2 is the sample size for the other group, and R 1 and R 2 are 

the sum of the ranges of the observations in samples 1 and 2, respectively. Here n 1 = n 2 = 15. 

 

The hypothesis test is as follows: 

 

H₀: Both populations are equally distributed and therefore the use of Google Meet does not produce 

significant improvements in oral production competence in English, 
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H₁: Both populations are distributed differently and therefore the use of Google Meet produces significant 

improvements in oral production competence in English. 

The significance level is set at 0.05. 

The results obtained are shown below: 

We begin with the sociodemographic data of the experimental group, which are indicated in Table 2. 

Table 2. Sociodemographic data of the experimental group 

Variable Category Frequency Percentage 

Gender Female 9 60% 

 Male 6 40% 

Age Ranges 18–19 5 33% 

 20–21 7 47% 

 22–23 2 13% 

 24–25 1 7% 

University Degree Administration 3 20% 

 Engineering 4 27% 

 Social Sciences 5 33% 

 Arts and Humanities 3 20% 

Previous Experience 

with Virtual Tools 

Low 3 20% 

 Average 8 53% 

 High 4 27% 

Beginning English 

Level 

B1 9 60% 

 B2 6 40% 

Table 3 contains the sociodemographic details of the control group. 

Table 3. Sociodemographic Data of the Control Group 

Variable Category Frequency Percentage 

Gender Female 8 53% 

 Male 7 47% 

Age Ranges 18–19 4 27% 

 20–21 8 53% 

 22–23 2 13% 

 24–25 1 7% 

University Degree Administration 4 27% 

 Engineering 3 20% 

 Social Sciences 5 33% 

 Arts and Humanities 3 20% 

Previous Experience 
with Virtual Tools 

Low 4 27% 

 Average 7 47% 

 High 4 27% 
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Variable Category Frequency Percentage 

Beginning English 
Level 

B1 8 53% 

 B2 7 47% 

 Total 15 100% 

The results of the assessments conducted on both groups are presented below. Table 4 shows the results 

for the experimental group, which used Google Meet as the platform for developing oral English 

proficiency. 

Table 4. NZN format assessments of the English oral competence components of the experimental group 

Student Assessment added (NZNWAA) Score value Υ 

p e1 〈 (0.81,0.79),(0.23,0.25),(0.17,0.82) 〉 0.8356 

p e2 〈(0.79,0.82),(0.25,0.22),(0.19,0.78)〉 0.8317 

pe3 〈(0.84,0.76),(0.21,0.28),(0.15,0.85)〉 0.8392 

pe4 〈(0.77,0.85),(0.28,0.20),(0.21,0.75)〉 0.8284 

pe5 〈(0.82,0.78),(0.22,0.27),(0.18,0.81)〉 0.8367 

pe6 〈(0.85,0.74),(0.19,0.29),(0.14,0.86)〉 0.8403 

pe7 〈(0.79,0.83),(0.26,0.21),(0.20,0.77)〉 0.8317 

pe8 〈(0.83,0.77),(0.20,0.26),(0.16,0.84)〉 0.8382 

pe9 〈(0.86,0.75),(0.18,0.27),(0.13,0.88)〉 0.8431 

pe10 〈(0.80,0.84),(0.24,0.19),(0.18,0.80)〉 0.8356 

pe11 〈(0.87,0.73),(0.17,0.30),(0.12,0.89)〉 0.8441 

pe12 〈 (0.78,0.86),(0.27,0.18),(0.22,0.74) 〉 0.8294 

p e13 〈 (0.88,0.72),(0.16,0.31),(0.11,0.90) 〉 0.8451 

p e14 〈 (0.82,0.81),(0.21,0.24),(0.17,0.82) 〉 0.8377 

p e15 〈 (0.89,0.71),(0.15,0.32),(0.10,0.91) 〉 0.8461 

Table 5 presents the results of the control group, where traditional methods were used for the 

development of oral competence in English. 

Table 5. NZN format assessments of the English oral proficiency components of the control group 

Student Assessment added (NZNWAA) Score value Υ 

p e1 〈 (0.72,0.69),(0.33,0.35),(0.27,0.72) 〉 0.7867 

p e2 〈 (0.70,0.71),(0.35,0.34),(0.29,0.70) 〉 0.7828 

p e3 〈 (0.74,0.67),(0.31,0.37),(0.25,0.74) 〉 0.7895 

pe4 〈 (0.69,0.72),(0.36,0.33),(0.30,0.69) 〉 0.7819 

p e5 〈 (0.73,0.68),(0.32,0.36),(0.26,0.73) 〉 0.7884 

p e6 〈 (0.75,0.65),(0.30,0.39),(0.24,0.75) 〉 0.7906 

p e7 〈 (0.68,0.73),(0.37,0.32),(0.31,0.68) 〉 0.7810 

p e8 〈 (0.71,0.70),(0.34,0.35),(0.28,0.71) 〉 0.7847 

p e9 〈 (0.76,0.64),(0.29,0.40),(0.23,0.76) 〉 0.7916 

p e10 〈 (0.70,0.72),(0.35,0.33),(0.29,0.70) 〉 0.7837 

p e11 〈 (0.77,0.63),(0.28,0.41),(0.22,0.77) 〉 0.7927 

p e12 〈 (0.69,0.73),(0.36,0.32),(0.30,0.69) 〉 0.7819 

p e13 〈 (0.78,0.62),(0.27,0.42),(0.21,0.78) 〉 0.7938 
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Student Assessment added (NZNWAA) Score value Υ 

p e14 〈 (0.72,0.69),(0.33,0.35),(0.27,0.72) 〉 0.7867 

p e15 〈 (0.79,0.61),(0.26,0.43),(0.20,0.79) 〉 0.7948 

When applying the Mann- Whitney U test to the Y score values obtained for both groups, the following 

results were obtained: 𝑈1 =  0                      𝑈2 =  225 

The critical value of U for n 1 = n 2 = 15 with α = 0.05 is 56. Since U 1 = 0 < 56, the null hypothesis H₀ is 
rejected. The p-value obtained was p = 0.0001 < 0.05. 

Additionally, the satisfaction of students in the experimental group with the use of Google Meet as a tool 

for developing oral proficiency in English was assessed. The results are shown in Table 6. 

Table 6. Level of satisfaction with Google Meet in the experimental group 

Aspect evaluated Very satisfied Satisfied Neutral Dissatisfied Very dissatisfied 

Ease of use 73% 20% 7% 0% 0% 

Audio quality 53% 33% 7% 7% 0% 

Video quality 60% 27% 13% 0% 0% 

Breakout rooms 80% 13% 7% 0% 0% 

Share screen 67% 20% 13% 0% 0% 

Board interactive 47% 33% 13% 7% 0% 

Recording sessions 87% 7% 6% 0% 0% 

Interaction with peers 73% 20% 7% 0% 0% 

Interaction with the teacher 67% 27% 6% 0% 0% 

Overall satisfaction 80% 13% 7% 0% 0% 

5. Discussion 

The results obtained in this research show a clear positive relationship between the use of Google Meet 

as a teaching tool and the development of oral production competence in English in university students. 

The analysis using neutrosophic Z numbers has allowed to accurately evaluate the performance of students 

in the different components of oral competence, considering the uncertainty inherent in the evaluation 

process. The application of the Mann- Whitney U test revealed statistically significant differences between 

the experimental group (which used Google Meet ) and the control group (which followed a traditional face-

to-face methodology), with a p-value = 0.0001, well below the established significance level (α = 0.05). This 

indicates that the use of Google Meet as a platform for the development of activities oriented to oral 

production in English has a considerable positive impact on student performance. An analysis of the Y score 

values obtained, it is observed that all students in the experimental group achieved values higher than 0.82, 

while students in the control group obtained values that did not exceed 0.80. This notable difference suggests 

that Google Meet- specific features, such as breakout rooms, rooms), the shared whiteboard, the possibility 

of recording sessions and real-time interactivity, significantly favor the development of communication 

skills in English. 

Student satisfaction with using Google Meet as a teaching tool was overwhelmingly positive, with over 

80% expressing "very satisfaction" with the overall experience. Aspects such as ease of use, breakouts , and 

Rooms and session recording were the most highly rated, suggesting that these features contribute 

significantly to learning oral production. Importantly, the neutrosophic methodology employed has allowed 

us to capture the uncertainty and subjectivity inherent in the language skills assessment process, providing 
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more reliable results that are closer to the complex reality of language learning. Neutrosophic Z numbers 

have proven to be a suitable mathematical tool for modeling this type of assessment, where truth, falsity, 

and indeterminacy play a crucial role. 

6. Conclusions 

This research confirms that the use of Google Meet significantly enhances oral production skills in 

English among university students. Analyses supported by neutrosophic Z-values reveal a strong and 

positive correlation between the intensive use of the platform and the development of communication 

competencies, with notable differences compared to traditional methods. The Mann-Whitney U test (p = 

0.0001) validates this trend, and Υ scores exceeding 0.82 in the experimental group highlight the 
effectiveness of Google Meet’s interactive features in improving oral performance. The high satisfaction 

levels reported by over 80% of students, who praised breakout rooms and session recordings, indicate that 

these functionalities not only facilitate practice but also bolster learners’ confidence. 
In light of these findings, it is recommended that higher education institutions systematically incorporate 

Google Meet into language instruction, particularly within public universities where resources are 

constrained. Such integration should be strategically planned, involving the design of targeted activities that 

leverage the platform’s most valued features. Equally important is the provision of teacher training that 
addresses both technical and pedagogical dimensions to ensure effective implementation. Complementing 

Google Meet with digital tools such as Jamboard, Mentimeter, or Padlet is also advisable, as these can enrich 

the learning environment and promote varied forms of student engagement. The implementation of 

assessment systems based on neutrosophic Z-numbers is further encouraged, given their ability to capture 

the complexity, uncertainty, and subjectivity inherent in language learning. 

From a research perspective, expanding the scope to include diverse populations and educational 

settings is necessary to enhance the generalizability of the findings. Future studies could explore the 

influence of variables such as prior language proficiency or access to technological infrastructure. 

Additionally, integrating neutrosophic Z-values with real-time analytics or artificial intelligence models 

may offer deeper insights into the dynamics of oral skill development. Longitudinal research is particularly 

recommended to assess the sustained impact of Google Meet on learners' oral proficiency, motivation, and 

autonomy, and to determine whether ongoing pedagogical adjustments are required to maintain learning 

outcomes over time. 
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Abstract. This article examines how Lean manufacturing evolved between 2015 and 2025—a decade marked by 

rapid technological disruption and the rise of artificial intelligence (AI). The research identifies critical success fac-

tors of Lean and analyzes how AI has reshaped its implementation. To address the uncertainty and complexity of 

expert evaluations, Neutrosophic Cognitive Mapping (NCM) is used as a methodological tool. NCM not only maps 

interrelated success factors but also incorporates the ambiguity inherent in human and technological assessments. 

Results show that AI boosts Lean’s effectiveness through predictive analytics and inventory optimization but re-
veals limitations when workforce training is insufficient. This intersection of Lean and AI provides valuable in-

sights into how their convergence enhances industrial competitiveness, sustainability, and cost efficiency. While 

prior studies explored Lean's fundamentals, few have focused on its transformation through AI. This research fills 

that gap, highlighting intelligent automation as a key breakthrough and offering practical guidance for implemen-

tation in diverse manufacturing contexts. Ultimately, the study contributes both theoretically and practically, help-

ing industries adopt Lean practices for an AI-driven world. 

Keywords: Lean Manufacturing, Artificial Intelligence, Production Industry, Neutrosophic Cognitive Mapping, 

Critical Success Factors, Sustainability.

1. Introduction 

Lean Manufacturing has been an approach to maximizing efficiency and minimizing waste and has 

become one of the pillars of the manufacturing industry over the years, especially from 2015 to 2025, a 

period that has been integrated by the introduction of new technologies [1]. This article will study the 

transformation and applicable sectors of this initiative and, in the areas of critical success factors, will 

analyze how this has happened in the past. The importance of Lean Manufacturing through the decades 

is undeniable because, with sustainability, industrialization, and competitiveness as global goals, it is 

important to investigate these keys. Recently, it has been shown that Lean is a living concept, that adapts 

to new situations, especially when it was shown to benefit from digital tools. Historically, the basic 

principles of Lean were inferred in Japan after World War II and widely adopted, with Toyota being 

the first brand to implement it in its life cycle [2]. From 2015 to 2025, the growth of the Internet and 

automation from the Fourth Industrial Revolution has made it a more digitalized concept in the last 

decade, especially with Machine Learning and the Internet of Things. , allowing adjustments in produc-

tion by managing ' big data' [3]. Between 2015 and 2025, a transformation towards a more agile industry 

has been seen, although sometimes confronted with significant problems, from organizational re-

sistance to technological transformation and training [4]. However, not everything is known yet. What 

are the critical factors between 2015-2025 that have shaped its evolution and failures 2015-2025 in all 
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parts of the world, with a focus on the contemporary world full of ambiguity The problem is that no 

critical factor has been discussed from a combination of both technical and human that recognizes con-

temporary ambiguity [5]. This article will solve it through an innovative approach. 

The purpose of this research is twofold. First, to answer the posed question by analyzing the results 

of Lean in the manufacturing industry from 2015 to 2025 using neutrosophic cognitive mapping con-

cerning the most relevant success factors. Second, to offer the possibility of applying success factors 

through practical strategies in their current implementation. These two intentions align with the answer 

to the question. One solution is theoretical and the other practical, so the article contains their develop-

ment, analysis and methodical implementation with an effective purpose. 

2. Preliminaries. 

2.1. Neutrosophic Cognitive Maps. 

Neutrosophic Cognitive Maps represent a significant evolution in the field of complex data representa-

tion and analysis. This unconventional methodology not only seeks to capture the inherent complexity 

of human perceptions, but also integrates principles of neutrosophic theory, which deals with truth, 

falsity, and indeterminacy simultaneously. This innovative approach is especially relevant in contexts 

where ambiguity and uncertainty are key factors in decision-making and the understanding of complex 

phenomena [6]. 

From a conceptual point of view, Neutrosophic Cognitive Maps allow to visualize and structure 

relationships between concepts that may be ambiguous or contradictory according to different perspec-

tives. This not only broadens the spectrum of analysis by including divergent opinions and perceptions 

but also promotes a deeper and more holistic understanding of the problems investigated [7]. This abil-

ity to handle the inherent vagueness of human reality is crucial in disciplines such as philosophy, psy-

chology, and sociology, where subjective interpretations play a central role in the construction of 

knowledge. In practical terms, Neutrosophic Cognitive Maps find application in a variety of fields, from 

scientific research to strategic planning and business decision-making. Their methodological flexibility 

allows researchers and practitioners to explore and analyze complex and multidimensional data in a 

structured and comprehensive manner. This methodology not only offers a visual representation of the 

inherent complexity of the systems and processes studied but also facilitates the identification of hidden 

patterns and subtle connections that could be overlooked with more traditional approaches. However, 

like any emerging methodology, Neutrosophic Cognitive Mapping faces challenges and criticisms. One 

of the main challenges lies in the difficulty of quantifying and validating the indeterminacy and vague-

ness represented in these maps. Objectively assessing the quality and reliability of the data entered into 

the maps can be challenging, especially when dealing with subjective or qualitative information. Fur-

thermore, the interpretation of the results can vary significantly depending on the theoretical frame-

work and underlying assumptions of those using this methodology [8]. 

Despite these challenges, Neutrosophic Cognitive Maps offer considerable potential for advancing 

the understanding and modeling of complex systems in an increasingly interconnected and dynamic 

world. By integrating principles of neutrosophic theory, these maps not only address reality in all its 

complexity and ambiguity but also promote an inclusive and multidimensional approach to research 

and decision-making. This is especially valuable in contexts where the diversity of opinions and per-

spectives enriches the analysis process and contributes to more robust and adaptive solutions. In con-

clusion, Neutrosophic Cognitive Maps represent a powerful and promising tool for researchers and 

practitioners seeking to navigate the complexity of the contemporary world. Their ability to represent 

and analyze vagueness and indeterminacy offers new opportunities for understanding and addressing 

complex problems in fields as diverse as business management, public policy, and social science. As 
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research in this area advances, it is crucial to continue exploring and refining this methodology to max-

imize its usefulness and accuracy in the information and knowledge age [9]. 

This section contains the basic concepts of neutrosophic cognitive maps and the algorithms associ-

ated with them. 

Definition 1 : ([10-12]) Let X be a universe of discourse. A neutrosophic set (NS) is characterized by 

three membership functions, uA(x), rA(x), vA(x) ∶ X →  ] 0𝑟− , 1+[ which satisfy the condition 0 ≤𝑟− inf uA(x) + inf rA(x) + inf vA(x) ≤ sup uA(x) + sup rA(x) + sup vA(x) ≤ 3+  for all xX . uA(x), rA(x)and vA(x)are the truthiness, indeterminacy, and falsity membership functions of x in A, re-

spectively, and their images are standard or nonstandard subsets of ] 0𝑟− , 1+[. 
Definition 2 : ([10-12]) Let X be a universe of discourse. A single-valued neutrosophic set (SVNS) A in 

X is a set of the form: A = {〈x, uA(x), rA(x), vA(x)〉: x ∈ X}        (1) 

Where uA, rA, vA ∶ X → [0,1] , satisfies the condition 0 ≤ uA(x) + rA(x) + vA(x) ≤  3 for all xX . uA(x), rA(x)and vA(x) denotes the truthiness, indeterminacy, and falsity membership functions of x in 

A, respectively. For convenience, a single-valued neutrosophic number (SVNN) will be expressed as A = (a, b, c), where a, b, c  [0,1]and satisfy 0 ≤ a + b + c ≤ 3. 

Other important definitions are related to graphics. 

Definition 3 : ([11, 12-13]) A neutrosophic graph is a graph that contains at least one indeterminate 

edge, which is represented by dotted lines. 

Definition 4 : ([11, 12-13]) A neutrosophic directed graph is a directed graph that contains at least one 

indeterminate edge, which is represented by dotted lines. 

Definition 5 : ([11, 12-13]) A neutrosophic cognitive map (NCM) is a neutrosophic directed graph, 

whose nodes represent concepts and whose edges represent causal relationships between edges. 

If C1, C2, … , Ck there are k nodes, each of them Ci (i =  1, 2, … , k)can be represented by a vector (x1, x2, … , xk)where xi{0, 1, I}. xi =  0means that the node Ciis in the on state, , xi =  1 means that the 

node Ciis in the off state, and , xi =  I means that the node Ciis in an indeterminate state, at a specific 

time or in a specific situation. 

If Cmand Cnare two nodes in the NCM, a directed edge from Cmto Cnis called a connection and repre-

sents causality from Cm to Cn . Each node in the NCM is associated with a weight within the set {−1, 0, 1, I}. If αmndenotes the edge weight CmCn, αmn{−1, 0, 1, I}then we have the following: αmn = 0 𝑖𝑓 hCm  does not affect Cn, αmn = 1 if an increase (decrease) in Cmproduces an increase (decrease) in Cn, αmn = −1 if an increase (decrease) in Cmproduces a decrease (increase) in Cn, αmn  = I if the effect ofCm  ignition Cnis indeterminate. 

Definition 6 : ([14]) An NCM that has edges with weights {−1, 0, 1, I}is called a simple neutrosophic 

cognitive map. 

Definition 7 : ([14]) If C1, C2, … , Ckare the nodes of an NCM. The neutrosophic matrix N(E) is defined 

as N(E) = (αmn), whereαmn denotes the weight of the directed edge CmCn, such that αmn{−1, 0, 1, I}. N(E)is called neutrosophic adjacency NCM matrix . 
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Definition 8 : ([14]) Let be C1, C2, … , Ck the nodes of an NCM. Let A =  (a1, a2, … , ak) , where am{−1, 0, 1, I}. A is called the instantaneous state. Neutrosophic vector and means a position of the on -on-

off-indeterminate state of the node at a given instant. am = 0 if Cmdisabled (has no effect), am = 1 if Cmit is activated (has an effect), am = I if Cm  It is indeterminate (its effect cannot be determined). 

Definition 9 : ([14]) Let , , ,…, be C1, C2, … , Ckthe nodes of an NCM. Let C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…,CmCn⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be 

the edges of the NCM, then the edges constitute a directed cycle. 

The NCM is called cyclic if it has a directed cycle. It is called acyclic. if you do not have a directed 

cycle. 

Definition 10 : ([14]) An NCM that contains cycles is said to have feedback . When there is feedback 

in the NCM it is said to be a dynamical system . 

Definition 11 : ([14]) Let C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…,Ck−1Ck⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be a cycle. When Cmit is activated and its causal-

ity flows along the edges of the cycle and is then the cause of Cmitself, then the dynamical system circu-

lates. This is true for each node Cmwith m =  1, 2,… , k. The equilibrium state of this dynamical system 

is called the hidden pattern . 

Definition 12 : ([14]) If the equilibrium state of a dynamical system is a unique state, then it is called 

a fixed point . 

An example of a fixed point is when a dynamical system starts being triggered by Cl. If the NCM is 

assumed to sit atCl and Ck, that is, the state remains as (1, 0, . . . , 0, 1), then this neutrosophic state vector 

is called a fixed point . 

Definition 13 : ([14]) If the NCM is established with a neutrosophic state vector that repeats in the 

form: A1 → A2 → ⋯ → Am → A1, then the equilibrium is called the NCM limit cycle . 

Method for determining hidden patterns 

Let be C1, C2, … , Ckthe nodes of the feedback NCM. Let E be the associated adjacency matrix. A hid-

den pattern is found when is activated and Cla vector input is provided. A1  =  (1, 0, 0,… , 0)The data 

must pass through the neutrosophic matrix N(E), which is obtained by multiplyingA1 by the matrix N(E) [15]. 

LeaveA1N(E) = (α1, α2, … , αk) with the threshold operation of replacing αmby 1 if αm > 𝑝 and αm by 

0 if αm < 𝑝( p is a suitable positive integer ) and αm is replaced by I if it is not an integer. The resulting 

concept is updated; the vector C1is included in the updated vector by transforming the first coordinate 

of the resulting vector to 1. 

YeahA1N(E)→ A2 It is assumed, then A2N(E) is considered, and the same procedure is repeated until 

a limit cycle or fixed point is reached. 

Definition 14 : ([16,17]) A neutrosophic number N is defined as a number as follows: N = d + I       
 (2) 

Where d is called determinate part and call me the indeterminate part . 
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Given N1 = a1 + b1Iand N2 = a2 + b2I are two neutrosophic numbers, some operations between 

them are defined as follows: N1 + N2 = a1 + a1 + (b1 + b2)I( Addition ) ; N1 − N2 = a1 − a1 + (b1 − b2)I(Difference), N1 × N2 = a1a2 + (a1b2 + b1a2 + b1b2)I (Product), N1N2 = a1+b1Ia2+b2I = a1a2 + a2b1−a1b2a2(a2+b2) I(Division). 

2.2. Lean Manufacturing. 

Lean manufacturing, a revolutionary approach that emerged in the 20th century, seeks to eliminate 

waste and optimize processes in the productive industry. This paradigm, popularized by Toyota, has 

transformed the way companies manage resources and generate value [18]. Its relevance lies in its abil-

ity to adapt to diverse contexts, from mass production to customized environments, offering an effective 

response to the demands of efficiency in a globalized world. However, its implementation is not without 

challenges, which invites an in-depth analysis of its strengths and limitations. Historically, Lean was 

consolidated as a system that prioritizes continuous flow and the reduction of non-value-added activi-

ties, concepts that Taiichi Ohno perfected in post-war Japan . Over time, its influence extended beyond 

the automotive industry, permeating sectors such as electronics and healthcare [18]. In recent decades, 

the integration of digital technologies has given a new impetus to this approach, allowing unprece-

dented precision in the identification of inefficiencies [19]. However, this development raises questions 

about its universal applicability in industries with high variability. 

One of the pillars of Lean is its emphasis on continuous improvement, known as kaizen , which 

encourages active employee participation in problem-solving. This aspect is key to its success, as it 

aligns organizational objectives with staff commitment [20]. However, the reliance on a collaborative 

culture can become an obstacle in contexts where a rigid hierarchy or resistance to change predominates, 

limiting its impact. Therefore, its effectiveness varies depending on the cultural and organizational en-

vironment. Furthermore, Lean manufacturing stands out for its focus on just-in-time delivery, minimiz-

ing inventories, and accelerating production cycles [21]. While this strategy reduces costs and improves 

customer response, it also exposes companies to risks due to supply chain disruptions, as evidenced 

during recent global crises [22]. This double-edged sword demands meticulous planning and adapta-

bility that not all organizations possess, which calls into question its suitability in unpredictable scenar-

ios. 

The arrival of Industry 4.0 has enriched Lean with tools such as data analytics and automation, en-

hancing its ability to optimize processes in real-time [22]. For example, smart sensors and predictive 

algorithms make it possible to anticipate failures and dynamically adjust production. Although this 

synergy amplifies the benefits of Lean, it also increases the complexity of its implementation, demand-

ing significant investments in technology and training [23]. Consequently, small businesses may be left 

behind, highlighting an accessibility gap. From another perspective, sustainability emerges as an added 

value of Lean, since its focus on eliminating waste aligns industries with environmental goals. Reducing 

the use of materials and energy not only benefits the economic balance but also responds to growing 

expectations of social responsibility. However, this ecological potential depends on conscious execution; 

otherwise, the obsession with efficiency could lead to practices that prioritize the short-term over long-

term impact. 

Critically, the universality of Lean has been questioned due to its origin in specific contexts, such as 

post-war Japanese industry, suggesting that its effectiveness may not be homogeneous [10]. Studies 
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show that in emerging markets, where infrastructure and economic stability vary, results are incon-

sistent. This disparity invites reflection on the need to adapt Lean to local realities, rather than assuming 

it as a standardized solution. 

In Lean's favor, its flexibility to integrate with other approaches, such as Six Sigma or Agile, broadens 

its scope and strengthens its application. This hybridization capacity keeps it relevant, allowing compa-

nies to customize strategies according to their needs. However, this versatility requires skilled leader-

ship that balances multiple methodologies without losing focus on Lean's fundamental principles, a 

challenge that is not always successfully overcome. In practical terms, Lean manufacturing has proven 

to be a catalyst for competitiveness, especially in sectors where speed and quality are crucial. Companies 

that implement it rigorously report significant improvements in indicators such as delivery time and 

customer satisfaction. However, success is not automatic: it requires a cultural and structural transfor-

mation that many organizations underestimate, which can lead to partial failures or premature aban-

donment. In conclusion, Lean manufacturing is a powerful but complex approach, the assessment of 

which depends on its execution and context. Its benefits—efficiency, sustainability, and adaptability—
are undeniable, but they are determined by factors such as organizational preparation, technological 

investment, and flexibility in the face of unforeseen events. Although it remains an essential tool for 

modern industry, its future will depend on its ability to evolve alongside the changing demands of the 

global environment. 

3. Material and Methods 

3.1 Research Design 

This study employed a descriptive-exploratory design with a neutrosophic cognitive mapping 

(NCM) approach to analyze the critical success factors (CSFs) in the evolution of Lean manufacturing 

between 2015 and 2025. The method integrates expert knowledge and neutrosophic logic to model in-

terrelationships among complex, ambiguous variables influenced by human and technological dimen-

sions. 

3.2 Selection of Critical Success Factors 

A systematic literature review and expert consultation led to the identification of five key CSFs: 

F1. Artificial Intelligence Integration 

F2. Human Capital Development 

F3. Digital Process Transformation 

F4. Adaptive Organizational Culture 

F5. Sustainability and Environmental Impact 

These were selected based on their relevance to Lean implementation under Industry 4.0 dynamics. 

3.3 Expert Participation 

A total of 40 experts in Lean manufacturing and digital transformation were surveyed. Participants 

included operations managers, industrial engineers, AI consultants, and academics, each with over 

eight years of experience. Experts evaluated the influence of each factor over the others using a scale 

from −5 to +5, with the option of assigning an indeterminate (I) value to reflect uncertainty. 
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3.4 Construction of the Neutrosophic Cognitive Map 

Let 𝐸 = {𝑒1. 𝑒2, … , 𝑒𝑛} be the set of experts. Each expert provided influence ratings 𝑅𝑖𝑗𝑘 ∈ {−5, … ,5, 𝐼} 
between factor 𝐹𝑗 and 𝐹𝑘 . An algorithm was applied to process these inputs: 

• If the mode across expert ratings 𝑅𝑖𝑗𝑘   is unimodal, it becomes the consensus value 𝑅̅𝑖𝑗𝑘  ; oth-

erwise, further comparison with the reverse direction is considered. 

• If both directions present non-unimodal distributions, that is, no value occurs significantly 

more frequently than the others in either of the two relationships, then the relationship is 

classified as indeterminate (I) 

This process yielded a neutrosophic adjacency matrix, used to construct the NCM. 

3.5 Dynamic Simulation and Convergence Analysis 

To assess systemic behavior, all 25 − 1 = 31 non-null activation vectors were simulated. Each factor 

could be in the state: active (1), inactive (0), or indeterminate (𝐼). The simulations identified convergence 

patterns and activation frequencies for each factor, indicating their robustness and dependency within 

the Lean ecosystem. 

3.6 Tools and Validation 

Data analysis and visualization were carried out using Python, including the NCMPy package for 

neutrosophic modeling. Internal validation was ensured through consistency checks across expert in-

puts and dynamic iterations [24, 25]. 

4. Results and Discussion 

4.1 Study variables 

 

First, we specify the critical success factors to consider for the analysis of Lean manufacturing in the 

period 2015-2025: 

 

1. Artificial Intelligence (AI) Integration: Implementation of AI systems for process optimi-

zation, predictive maintenance, automated quality control, and data-driven decision-mak-

ing. Includes machine learning, computer vision, and expert systems applied to Lean envi-

ronments. 

2. Human Capital Development: Continuous training and adaptation of the workforce to new 

technologies, including training programs in digital tools, technical competencies, and soft 

skills necessary for the new Lean manufacturing. 

3. Digital Process Transformation: Digitization of traditional operations, implementation of 

IoT (Internet of Things), cyber-physical systems, and integration platforms that enable real-

time monitoring and complete traceability. 

4. Adaptive Organizational Culture: Creating an organizational environment that fosters con-

tinuous improvement, resilience to change, and the agile adoption of new methodologies 

and technologies associated with Lean. 

5. Sustainability and Environmental Impact: Integration of sustainable practices within the 

Lean paradigm, resource optimization, waste reduction, and minimization of the carbon 

footprint in production processes. 
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3.2 Neutrosophic Cognitive Mapping Analysis 

 

Let E={e₁, e₂, ..., e ₙ } be the set of n experts in Lean manufacturing and advanced technology imple-

mentation. R ᵢⱼ ₖ symbolizes the relationship between the j- th and k -th factor ( j,k ∈ {1,2, … ,5}, j≠k ) 
according to expert e ᵢ (i=1,2,…,n) such that R ᵢⱼ ₖ∈ {-5,-4,…,-1,0,1,…,4,5,I}. 

The numerical values of R ᵢⱼ ₖ are calculated, then R ̂ᵢⱼ ₖ =R ᵢⱼ ₖ , and if R ᵢⱼ ₖ =I then R ̂ᵢⱼ ₖ =I holds. 

For each fixed pair j,k ∈ {1,2, … ,5}, R ̄ⱼₖ is calculated as follows: 

• If the mode of R ̂ᵢⱼ ₖ for i=1, 2,… ,n is unimodal, we take R ̄ⱼₖ =mode(R ̂ᵢⱼ ₖ ) and R ̄ₖⱼ =0. 

• If the mode of R ̂ᵢⱼ ₖ for i= 1,2,… ,n is not unimodal, it is defined: 
o If R ̂ᵢ ₖⱼ for i= 1,2,… ,n is unimodal, take R ̄ₖⱼ =mode(R ̂ᵢ ₖⱼ ) and R ̄ⱼₖ =0. 

o If R ̂ᵢ ₖⱼ for i= 1,2,… ,n is not unimodal, then R ̄ⱼₖ =R ̄ₖⱼ =I is taken. 

In this way, the adjacency matrix is formed with the R ̄ⱼₖ elements obtained from this algorithm. 

To obtain the weights and create the NCM, 40 specialists in Lean manufacturing and technology 

implementation were surveyed. These included operations directors, industrial consultants, academics, 

and experts in AI applied to manufacturing, all with at least eight years of experience in the sector. The 

resulting Adjacency Matrix is summarized in Table 1. 

 

Table 1. Adjacency matrix of critical success factors in Lean manufacturing according to the 40 experts surveyed. 

 
Factor F1 

(IA) 

F2 (Human 

Capital) 

F3 (Digital Trans-

formation) 

F4 (Organizatio-

nal Culture) 

F5 (Sustai-

nability) 

F1 (IA) 0 I 4 2 3 

F2 (Human Capital) 3 0 2 4 I 

F3 (Digital Trans-

formation) 

4 3 0 1 2 

F4 (Organizational 

Culture) 

I 4 3 0 2 

F5 (Sustainability) 1 I 2 2 0 

Figure 1 contains the NCM graph according to the adjacency matrix established in Table 1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Neutrosophic Cognitive Map obtained from the experts] 

 

All possible cases of convergence were studied when at least one of the factors was activated. This 

occurs in a total number of cases equal to 2^5-1=31. Table 2 summarizes the results in absolute and 

relative frequencies for each of the three possible states: activated (1), deactivated (0), or indeterminate 
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(I). 
Table 2. Absolute and relative frequency of convergence of the system in each of the possible values. 

 

Factor 0 % 1 % I % 

F1 (IA) 2 6.45 21 67.74 8 25.81 

F2 (Human Capital) 4 12.90 18 58.06 9 29.03 

F3 (Digital Transfor-

mation) 

1 3.23 25 80.65 5 16.13 

F4 (Organizational 

Culture) 

6 19.35 14 45.16 11 35.48 

F5 (Sustainability) 8 25.81 12 38.71 11 35.48 

 

 
 

Figure 2: Absolute frequency of convergence of the system (0) 

 

 

 
 

Figure 3: Absolute frequency of convergence of the system (1) 
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Figure 4: Absolute frequency of convergence of the system (I) 

 

4.3 Interpretation of Results 

 

The results shown in Table 2 confirm the complexity of the Lean manufacturing ecosystem in its 

evolution during the period 2015-2025, highlighting the dynamic interrelationships between the critical 

success factors analyzed. 

The most robust factor is F3, or "Digital Process Transformation," which is activated in 80.65% of the 

possible initial conditions, while remaining undetermined in only 16.13% of cases. This suggests that 

process digitalization acts as a fundamental and catalytic element in the evolution of Lean manufactur-

ing, forming a solid foundation upon which the other factors develop. 

F1, or "Artificial Intelligence Integration," also shows remarkable performance, activating in 67.74% 

of the possible initial conditions. This high activation rate confirms the central role that AI has played 

in the transformation of Lean systems over the past decade, serving as a key driver of efficiency and 

optimization. 

F2 or "Human Capital Development" is activated in 58.06% of cases, highlighting that, despite tech-

nological advancements, the human factor remains an essential component for the success of Lean man-

ufacturing. This result reinforces the idea that technology alone is insufficient without proper staff train-

ing and adaptation. 

Factors F4 "Adaptive Organizational Culture" and F5 "Sustainability and Environmental Impact" ex-

hibit similar behaviors, with activation rates of 45.16% and 38.71% respectively, and an indeterminacy 

of 35.48% in both cases. These values reveal that, although they are important components, their effec-

tive implementation depends largely on specific contextual conditions and the maturity of the other 

factors. 

A more detailed analysis shows that the most efficient combination for implementing successful 

Lean manufacturing over the period studied is to simultaneously activate factors F1, F2, and F3 (x₀ = 
( 1,1,1,0,0)), that is, integrating Artificial Intelligence, developing Human Capital, and executing the 

Digital Transformation of Processes. This combination generates a domino effect that eventually also 

activates factors F4 and F5, creating a complete and balanced Lean ecosystem. 

It is also observed that when F3 "Digital Transformation" and F4 "Adaptive Organizational Culture" 

are activated simultaneously (x₀ =( 0,0,1,1,0)), there is a robust activation of F1 "AI Integration" and F2 
"Human Capital Development". This suggests that an appropriate organizational culture, combined 
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with the necessary digital infrastructure, provides fertile ground for the effective adoption of AI tech-

nologies and the development of corresponding human competencies. 

It is notable that in no case does the isolated activation of F5 "Sustainability" significantly activate 

the other factors, indicating that, although sustainability is a desirable outcome, it does not act as a 

primary driver of Lean transformation, but rather as a consequence or complement to the other factors 

when these are properly implemented. 

 

5. Discussion. 

5.1 Relationship Analysis 

 

The evolution of Lean manufacturing over the period 2015-2025 has been marked by complex inter-

actions between the critical success factors identified in this study. The neutrosophic cognitive map-

ping analysis reveals significant patterns that warrant attention: 

1. Technology-Human Synergy : There is a strong bidirectional relationship between F1 (AI) 

and F2 (Human Capital), as evidenced by the indeterminacy (I) in the adjacency matrix 

between these factors. This indeterminacy reflects the complexity of the relationship: on 

the one hand, AI drives new training needs; on the other, a well-trained workforce facili-

tates the adoption of more advanced AI solutions. This nonlinear dynamic has been char-

acteristic of Lean environments over the past decade. 

2. Foundational Effect of Digital Transformation : F3 shows the highest activation rate 

(80.65%), acting as an enabling platform for the other factors. The data suggests that pro-

cess digitalization is not just another factor, but a structural prerequisite for the evolution 

of modern Lean manufacturing. The strong influence of F3 on F1 (value 4 in the matrix) 

indicates that digital transformation creates the necessary ecosystem for effective AI im-

plementations. 

3. Culture as a Catalyst : F4 (Organizational Culture) shows a determining influence on F2 

(value 4 in the matrix), confirming that the cultural environment of the organization sig-

nificantly conditions the development of human capital. The indeterminacy (I) between F4 

and F1 reflects the complex nature of how organizational culture interacts with AI adop-

tion, which varies significantly depending on the specific context of each industry. 

4. Sustainability as an Emergent Outcome : F5 shows the lowest autonomous activation rate 

(38.71%), but is positively influenced by all the other factors. This suggests that sustaina-

bility in modern Lean environments tends to emerge as a consequence of the successful 

implementation of the other factors, rather than as an initial driving force. 

5. Indeterminacy Effects : The presence of indeterminate (I) values in the adjacency matrix, 

particularly between F1-F2, F2-F5, and F4-F1, reflects the uncertainty inherent in some as-

pects of Lean manufacturing evolution. These indeterminacies represent areas where spe-

cific contextual factors, regional or sectoral differences, and organizational maturity play a 

decisive role in how relationships between factors develop. 

 

5.2 Strategic Recommendations 

 

Based on the neutrosophic analysis conducted, the following recommendations are offered for or-

ganizations seeking to optimize their Lean manufacturing implementation in the current context: 

1. Prioritize Digital Infrastructure : Given the foundational role of F3 (Digital Transfor-

mation), organizations must first establish a robust digital infrastructure before moving 
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toward more sophisticated AI implementations. This includes real-time data collection sys-

tems, IoT connectivity , and information integration platforms. 

2. Adopt a Sequential Approach : The most effective implementation follows the sequence 

F3 → F4 → F2 → F1 → F5. It is advisable to start with basic digital transformation , build 

an appropriate organizational culture, develop the necessary human capital, integrate AI 

solutions, and finally consolidate sustainable practices . 

3. Managing the Human-Technology Duality : Given the uncertainty between F1 and F2, 

organizations must develop adaptive strategies that continually evolve staff training as 

new AI solutions are implemented. Training programs must be proactive, not simply reac-

tive, to technological changes. 

4. Deliberately Cultivate Organizational Culture : The significant influence of F4 on other 

factors suggests that Lean transformation initiatives should explicitly include cultural 

change management programs, with specific metrics to assess organizational adaptability 

and openness to new methodologies. 

5. Integrate Sustainability as a Planned Outcome : While F5 typically emerges as a conse-

quence of other factors, organizations can accelerate its development by establishing sus-

tainability metrics from the outset that integrate naturally with Lean efficiency and digital 

transformation objectives. 

6. Proactively Manage Zones of Indeterminacy : For relationships with a value of I in the 

adjacency matrix, it is recommended to develop contextualized assessment frameworks 

that allow each organization to determine how these relationships will manifest in its spe-

cific environment, considering variables such as industrial sector, organizational size, and 

technological maturity. 

7. Establish Adaptive Feedback Loops : The dynamic nature of the relationships between 

factors suggests implementing continuous feedback loops that allow the Lean implemen-

tation strategy to be adjusted based on intermediate results and changes in the technolog-

ical and market environment. 

These recommendations, derived from neutrosophic analysis, offer a practical framework 

for navigating the complexity inherent in the evolution of Lean manufacturing in the era 

of digital transformation and artificial intelligence, enabling organizations to maximize the 

benefits of this methodology in an increasingly demanding and technologically advanced 

industrial environment. 

6. Conclusion 

The assessment of Lean Manufacturing development and implementation from 2015 to 2025 through 

neutrsophic cognitive mapping reveals a fluid ecosystem where digital transformation stands out as the 

strongest driver. Activated in over 80% of potential scenarios, other key success factors like AI integra-

tion and human capital development play significant roles, with similarly high activation rates empha-

sizing their focused and innovative processing tendencies. Furthermore, organizational culture and sus-

tainability, while operating independently less dominantly, emerge as most fit in tandem—with one 

another—proven in the presence of a strong human and technological foundation. Ultimately, these 

findings indicate that relationships among drivers are significantly interdependent where Lean is suc-

cessfully given appropriate resources. Practically, the findings serve as step-by-step guidance for indus-

tries intending to sustain competitive advantage in a global arena. The focus on digitalization coupled 

with proper implementation and training of all human resources will improve operational efficiency 

while opening the door to more advanced AI-based solutions. In addition, organizations can use this 

information to ensure that Lean efforts support sustainable goals, transforming an emerging finding 



 

 

 

 

 

Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

 Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eluard Alexander Mendoza Zenozain.  Evolution and application of Lean manufacturing in the production industry: advances 
and trends (2015-2025) through neutrosophic cognitive mapping analysis of critical success factors 

97 

into a planned goal that will enhance both economic impact and environmental footprint over time. 

This study contributes to the field of industrial management by applying an alternative approach in-

volving neutralsensory cognitive mapping which assesses ideas uniquely attuned to uncertainty and 

non-causal relationships. Therefore, it adds to the theoretical body of literature regarding Lean's trajec-

tory over the past decade, emphasizing technology's role in developing supportive implementation 

ideas over time while flagging the need for a continued human-tech integrated approach. Beyond the-

ory, it offers a framework businesses can adapt to their specific contextual realities, thus contributing to 

further understanding and application of the methodology going forward. 

However, it's not without limitations. The reliance on expert opinions introduces a level of subjec-

tivity that may skew the consistency of findings, particularly within varying industrial contexts. Fur-

thermore, the choice to focus on a set timeline (2015-2025) and five chosen factors excludes the potential 

for new variables to arise that will hold importance down the line, limiting the long-term potential of 

the findings. Future research should seek to expand the factors analyzed through additional methodol-

ogies—data-driven simulations or machine learning predictive models, for example, could enhance the 

certainty of the interactions determined. Additional factors such as supply chain resilience or global 

regulatory policies would also add depth. Finally, assessing these findings across specific industrial 

sectors or varying geographical areas would help to corroborate and modify these findings so that Lean 

Manufacturing continues to respond to challenges in a rapidly evolving world. 

Referencias 

[1]  J. Womack y D. Jones, Lean Thinking: Banish Waste and Create Wealth in Your Corpora-

tion, 2nd ed. Nueva York, NY, USA: Simon & Schuster, 2010. 

[2]  A. Sanders, C. Elangeswaran y J. Wulfsberg, "Industry 4.0 implies lean manufacturing: Re-

search activities in Industry 4.0 function as enablers for lean manufacturing," J. Ind. Eng. 

Manag., vol. 9, no. 3, pp. 811–833, 2016. 

[3]  T. Ohno, Toyota Production System: Beyond Large-Scale Production, Portland, OR, USA: 

Productivity Press, 1988.[4] M. Hermann, T. Pentek y B. Otto, "Design principles for Indus-

trie 4.0 scenarios," en Proc. 49th Hawaii Int. Conf. Syst. Sci. (HICSS), Koloa, HI, USA, 2016, 

pp. 3928–3937. 

[4]  P. Hines, M. Holweg and N. Rich, "Learning to evolve: A review of contemporary lean 

thinking," Int. J. Oper. Prod. Manag., vol. 24, no. 10, pp. 994–1011, 2004. 

[6] Kandasamy, I., Arumugam, D., Rathore, A., Arun, A., Jain, M., W.B., V., & Smarandache, 

F. (2023). NCMPy : A modeling software for neutrosophic cognitive maps based on the 

Python package. Neutrosophic Systems with Applications, 13, 1–22 

[7] Leyva -Vázquez, M., Hernández, J.H., Batista-Hernández, N., Salvatierra, J.A.A., & Baryolo 

, O.G. (2018). A framework for PEST analysis based on fuzzy decision maps. Espacios, 39, 

13. 

[8] Poczeta , K., Papageorgiou, E.I., and Gerogiannis , V.C. (2020). Optimization of fuzzy cog-

nitive maps for de-cision making and prediction. Mathematics, 8, 2059. 

[9] Bakhtavar , E., Valipour, M., Yousefi, S., Sadiq, R., & Hewage, K. (2021). Fuzzy cognitive 

maps in systems risk analysis: A comprehensive review. Complex and Intelligent Systems, 

7, 621–637. 

[10] Arguelles, J. J. I., Berti, L. A. C., Chapeta, C. J. L., & Cabrita, C. M. M. (2025). Mapa Cogni-

tivo Neutrosófico para evaluar el estado de la violencia de género y migración en Ecuador. 

Neutrosophic Computing and Machine Learning. ISSN 2574-1101, 37, 339-348. 

[11] Villamar, C. M., Suarez, J., Coloma, L. D. L., Vera, C., & Leyva, M. (2019). Analysis of tech-



 

 

 

 

 

Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

 Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eluard Alexander Mendoza Zenozain.  Evolution and application of Lean manufacturing in the production industry: advances 
and trends (2015-2025) through neutrosophic cognitive mapping analysis of critical success factors 

98 

nological innovation contribution to gross domestic product based on neutrosophic cogni-

tive maps and neutrosophic numbers. Infinite Study. 

[12] Paraskevas, A., & Smarandache, F. (2025). Modeling Social Evolution, Involution, and In-

determinacy: A Neutrosophic-Cultural Algorithm Approach. Neutrosophic Sets and Sys-

tems, 77(1), 9. 

[13] Mahapatra , R., Samanta, S., Pal, M., & Xin, Q. (2020). Link prediction in social networks 

using neutrosophic graph. International Journal of Computational Intelligence Systems, 

13, 1699–1713. 

[14] Estrabao , FI, Vázquez, ML, Rojas, SAF, & Ortega, RG (2021). Neutrosophic cognitive maps 

for the analysis of socioeconomic vulnerability . Journal of the Latin American Association 

of Neutrosophic Sciences . 15, 11-16. 

[15] C., D. Diego, T.P., D. (2022). Analyzing the impact of social factors on homeless people with 

neutrosophic cognitive maps. Journal of International Journal of Neutrosophic Sciences , 

19 ( 1 ) , 260-266. 

[16] Hatamleh, R., & Hazaymeh, A. (2025). On The Topological Spaces of Neutrosophic Real 

Intervals. International Journal of Neutrosophic Science, 25(1), 130-136. 

[17] Smarandache, F. (2015). (t, i, f)-Neutrosophic Structures &/-Neutrosophic Structures (revis-

ited). Neutrosophic Sets and Systems, 8, 3-10. 

[18] P. Hines, M. Holweg y N. Rich, "Learning to evolve: A review of contemporary lean think-

ing," Int. J. Oper. Prod. Manag., vol. 24, no. 10, pp. 994–1011, 2004. 

[19] A. Sanders, C. Elangeswaran y J. Wulfsberg, "Industry 4.0 implies lean manufacturing: Re-

search activi-ties in Industry 4.0 function as enablers for lean manufacturing," J. Ind. Eng. 

Manag., vol. 9, no. 3, pp. 811–833, 2016. 

[20] R. Shah y P. Ward, "Lean manufacturing: Context, practice bundles, and performance," J. 

Oper. Manag., vol. 21, no. 2, pp. 129–149, 2003. 

[21] M. Holweg, "The genealogy of lean production," J. Oper. Manag., vol. 25, no. 2, pp. 420–
437, 2007. 

[22] E. Brynjolfsson y A. McAfee, The Second Machine Age: Work, Progress, and Prosperity in 

a Time of Brilliant Technologies, Nueva York, NY, USA: W.W. Norton & Company, 2014. 

[23] S. Vinodh y S. Chintha, "Leanness assessment using multi-grade fuzzy approach," Int. J. 

Prod. Res., vol. 49, no. 2, pp. 431–445, 2011. 

[24] Alsubhi , SH, Papageorgiou , EI, Pérez, PP, Mahdi , GSS, & Acuña, LA (2021). Triangular 

neutrosophic cog-nitive map for multi-stage sequential decision-making problems. Journal 

international systems diffuse , 23, 657-679. 

[25] Kandasamy, I., Arumugam, D., Rathore, A., Arun, A., Jain, M., WB, V., & Smarandache, F. 

(2024)Kandasamy, I., Arumugam, D., Rathore, A., Arun, A., Jain, M., WB, V., & 

Smarandache, F. (2024). NCMPy: A Modelling Software for Neutrosophic Cognitive Maps 

based on Python Package. Neutrosophic Systems with Applications, 13, 1-22. 

[26]  Nordo, G., Jafari, S., & Vázquez, M. Y. L. (2025). A Python Framework Enhancement for 

Neutrosophic Topologies. Neutrosophic Sets and Systems, 78, 252-273. 

 

Received: December 24, 2024. Accepted: April 5, 2025. 



 

 Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 

sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

  
 

Carlos M. Gonzales-Añorga, Julia C. Yon-Delgado, Medalit N. Salcedo-R, Mónica R. Yon-Delgado, Tito E. Quispe-C, Daniel 
A. Oswaldo V-Narváez, Timoteo S-Armas, Viviana I. Vellón F. Quality Management in the Faculty of Business Sciences at the 
José Faustino Sánchez Carrión National University: A Study Based on the Neutrosophic Linguistic 2-Tuple Model 

 

            University of New Mexico 

 
Quality Management in the Faculty of  Business Sciences 
at the José Faustino Sánchez Carrión National University: 

A Study Based on the Neutrosophic Linguistic 2-
Tuple Model 

 
Carlos Máximo Gonzales-Añorga 1, Julia Cecilia Yon-Delgado 2, Medalit Nieves Salcedo-Rodríguez 3,  

Mónica Rosario Yon-Delgado 4, Tito Edinson Quispe-Campos 5, Daniel Alberto Oswaldo Valenzuela-Nar-
váez 6, Timoteo Solano-Armas 7, and Viviana Inés Vellón Flores 8  

 

1 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Perú. cgonzales@unjfsc.edu.pe  
2 Universidad Nacional Intercultural de la Amazonía, Huánuco, Ucayali, Perú. jyond@unia.edu.pe 

3 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Perú. msalcedor@unjfsc.edu.pe  
4 Universidad Nacional Intercultural de la Amazonía, Huánuco, Ucayali, Perú. myond@unia.edu.pe  

5 Universidad Nacional Intercultural Fabiola Salazar Leguía De Bagua, Bagua, Perú. tquispe@unibagua.edu.pe  
6 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Perú. dvalenzuela@unjfsc.edu.pe  

7 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Perú. tsolano@unjfsc.edu.pe  
8 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Perú. vvellon@unjfsc.edu.pe    

 

 

Abstract. This research study is the product of a comprehensive, profound, and objective diagnosis of the academic 
and administrative situation of the Faculty of Administrative Sciences and Tourism of the José Faustino Sánchez 
Carrión National University in Peru, which has allowed us to examine its management, the degree of efficiency, 
quality of training of academic schools and the factors that influence the quality of management. Quality in higher 
education is an important aspect to measure to guarantee the best results for our graduates in their professional lives 
within society. This paper aims to measure the quality of education in the aforementioned faculty, where the expected 
outcome is compared with the measured in reality, through a group of interviews. To facilitate assessment, a linguis-
tic scale is used. On the other hand, the use of a triad of truthfulness, indeterminacy, and falseness allows us to deal 
explicitly with indeterminacy. That is why, for the processing of the collected data, we used the neutrosophic 2-tuple 
linguistic model. 
 
Keywords: Higher Education Quality, Computing with Words (CWW), Neutrosophic 2-tuple Linguistic Model.
 

1. Introduction 

It is an accepted truth that the development of nations depends primarily on the quality of higher 
education services that enable their youth to obtain academic and professional training, which will even-
tually lead them to successfully face the working world. To achieve quality educational services, educa-
tional institutions must be managed like modern corporate enterprises. 

This point of view has already been raised by renowned Peruvian teachers such as Dr. Otoniel Al-
varado Oyarce. Through his work, he expresses innovative thinking on how to manage educational cen-
ters using approaches and tools from administrative theories. In one of his works, Dr. Francisco Farro 
Custodio teaches us how to manage educational centers and universities, challenging some of the many 
problems facing Peruvian reality. He points out that today, it is no longer disputed that any educational 
institution truly constitutes a business, and in this sense, any person responsible for leading it must do so 
based on professional work inherent to the sciences of administration and education. Dr. Nemesio Espi-
noza Herrera, in his work "University Management," presents a diagnosis that describes the current situ-
ation of universities in Peru and shares his perspectives on applying administration through new 
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management models. 
The advancement of administrative science and technology presents us with a new and innovative 

approach to applying it to the university as a center of higher education, which urgently requires guiding 
knowledge for efficient management. This knowledge can address the troubling problems that must be 
resolved to achieve improvement in the pursuit of excellence in the quality of professional training for its 
students. 

It is therefore important to examine the managerial problem of governance and management in order 
to implement a management model, which will help authorities improve their performance in running 
these higher education institutions. 

To achieve improved productivity and quality of academic services, reflected in the product or output 
of highly academic, ethical, moral, creative, and innovative professionals who enter the market and are 
competitive, a necessary condition is the ability to respond to the changes in the external and internal 
environment that this implies for universities. To this end, it is appropriate to describe the academic and 
administrative aspects that constitute part of the problems faced by the Faculty of Administrative Sciences 
and Tourism. 

The objective of this paper is to analyze and evaluate the Professional Academic Schools and func-
tional units of the Faculty of Administrative Sciences and Tourism of the José Faustino Sánchez Carrión 
National University in Huacho, Peru, based on its mission and objectives, with the aim of designing a 
management model that allows for efficient, effective, and quality management in the long and short 
term. 

There are several quality assessment methods. The SERVQUAL model is a widely used tool for meas-
uring service quality [1, 2]. It is based on the difference between customer expectations and perceptions. 
It assesses five key dimensions: 

1. Reliability: The company's ability to deliver on its promises accurately. 
2. Responsiveness: Employees' willingness to help and provide prompt service. 
3. Security: Confidence and knowledge of the staff in providing the service. 
4. Empathy: Personalized attention and understanding of the client's needs. 
5. Tangible elements: Physical aspects such as facilities, equipment, and staff appearance. 

 
Other similar methods include: 
 

• SERVPERF Model [3]: Focuses only on the perception of service without considering prior expec-
tations. 

• QFD (Quality Function Deployment) [4]: Translates customer needs into specific quality require-
ments. 

• ISO 9001 [5]: Uses measurement and monitoring to ensure evidence-based decisions. 
• Quality indicators: Tools such as customer satisfaction, operational efficiency, and compliance 

with standards. 
 
From these methods we will take the idea of comparing perception of reality with what is expected, 

to determine quality as the difference between these two evaluations. 
For evaluations, we prefer to use linguistic value scales because this is the natural way humans eval-

uate. Thus, we rely on the 2-tuple model [6, 7]. The 2-tuple model is a technique used in decision-making 
based on linguistic information. It is used to manage uncertainty and ambiguity in evaluations expressed 
in words rather than numbers. This method allows linguistic terms to be transformed into numerical 
values without losing the original semantics, facilitating precise calculations in decision-making systems. 

The 2-tuple method is a way to approach Computing with Words (CWW), which is a technique used 
to process linguistic information in decision-making and computing systems. CWW seeks to represent 
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and manipulate data expressed in words rather than numbers, which is useful when precise values are 
difficult to obtain or when working with subjective evaluations. The 2-tuple approach within CWW al-
lows linguistic terms to be transformed into a numerical representation without losing the original se-
mantics [8-13]. This is especially relevant in applications such as decision support systems, artificial in-
telligence, and evaluating options under uncertainty. 

To explicitly take into account indeterminacies, the neutrosophic 2-tuple linguistic model emerged, 
which is an extension of the 2-tuple method that incorporates neutrosophic logic, which considers not 
only truth and falsity but also indeterminacy [14-21]. This is useful in situations where information is 
imprecise or incomplete, allowing for a more flexible and realistic representation of uncertainty in deci-
sion-making. One example of another paper that uses Neutrosophy or Plithogeny in the study of peda-
gogical sciences can be read at [22]. 

In this article we apply the neutrosophic 2-tuple linguistic model to calculate the quality of education 
provided at the Faculty of Administrative Sciences and Tourism of the José Faustino Sánchez Carrión 
National University. To do so, we used linguistic scales of truthfulness, indeterminacy, and falseness to 
compare the results obtained from a set of respondents' opinions with the expectations for each aspect 
measured. 

To achieve our goal, we continue with a section of Preliminaries that contains the basic elements of 
the theory of the 2-tuple linguistic model and the neutrosophic 2-tuple linguistic model. The Results sec-
tion contains the details and results of the applied method. The last section is the Conclusion. 

2. Preliminaries 

This section recalls the main concepts of the 2-tuple linguistic set and neutrosophic 2-tuple linguistic 
set theory. 

Definition 1 ([14-21]). Given S = {s0, s1, … , sg} is a set of linguistic terms and the number βϵ[0, g] that 
is a value representing the outcome of a symbolic operation, then the linguistic 2-tuple expressing the 
information equivalent to β is achieved with the support of the following function: ∆: [0, g] → S × [−0.5, 0.5)  ∆(β) = (si, α)                                         (1) 

Here, si is the linguistic term satisfying i = round(β) and α = β − i, α ∈ [−0.5, 0.5), where 𝑟𝑜𝑢𝑛𝑑(∙) is 
the rounding operator as usual, whereas si is the term having the nearest index to β. α is the result of the 
symbolic translation. 

Let us observe that ∆−1: 〈S〉 → [0, g] is taken as ∆−1(si, α) = i + α. So, there is a linguistic 2-tuple 〈S〉 as-
sociated with a numerical value in [0, g]. 

Let S = {s0, … , sg} be a 2-Tuple Linguistic Set (2TLS) having odd cardinality g+1. Then, we have 𝐿, and 
the three numbers a, b, c [0, g], satisfying (sT, a), (sI, b), (sF, c)  ∈  L, the three of them expressing inde-
pendently the degree of truthfulness, indeterminacy, and falsehood, respectively by 2TLS. The 2-tuple 

Linguistic Neutrosophic Number (2TLNN) is defined with Equation 2: 𝑙𝑗 = {(𝑠𝑇𝑗 , 𝑎), (𝑠𝐼𝑗 , 𝑏), (𝑠𝐹𝑗 , 𝑐)}                  (2) 

Where 0 ≤ ∆−1(sTj , a) ≤ g, 0 ≤ ∆−1(sIj , b) ≤ g, 0 ≤ ∆−1(sFj , c) ≤ g, and 0 ≤ ∆−1 (sTj , a) + ∆−1 (sIj , b) +∆−1(sFj , c) ≤ 3g. 

 
We can rank 2TLNNs using the scoring and accuracy functions. 
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If l1 = {(sT1 , a), (sI1 , b), (sF1 , c)} is a 2TLNN in L, the scoring and accuracy functions in l1 are defined 
respectively, below: 

𝒮(l1)=∆{2g+∆−1(sT1,a)−∆−1(sI1,b)−∆−1(sF1,c)3 },  ∆−1(𝒮(l1)) ∈ [0, g]              (3) 

H(l1)=∆{g+∆−1(sT1,a)−∆−1(sF1,c)2 },  ∆−1(H(l1)) ∈ [0, g]                              (4) 

3. Results 

The target population of this research includes authorities, faculty, students, and alumni of the Faculty 
of Administrative Sciences and Tourism of the José Faustino Sánchez Carrión National University. 188 of 
them were interviewed. The following research question is formulated: 

Has the Faculty of Administrative Sciences and Tourism established and formulated its mission and 
objectives, recognizing that it is a community of professors, students, and graduates, whose management 
is the attribute and responsibility of its members? 

 
To answer the question, respondents are divided into four groups: 

1. Government Authorities, 
2. Teachers, 
3. Students, 
4. Graduates. 

 
The measurement scale was as follows: S = {s0, s1, s2, s3, s4}, where 𝑔 =  4, such that: (s0, 0): “Strongly disagree”, (s1, 0): “Partially disagree”, (s2, 0): “Neither agree nor disagree”, (s3, 0): 

“Partially agree”, (s4, 0): “Strongly agree”. 

The ith respondent is asked to rate 𝑠𝑇𝑘𝑖𝑗 , 𝑠𝐼𝑘𝑖𝑗 , 𝑠𝐹𝑘𝑖𝑗  for each jth question (𝑗 =  1,2, … , 11) in the survey 

on a triple, where k is a value between 0 and 4; while 𝑠𝑇𝑘𝑖𝑗  is the respondent's assessment of the truth of 

the proposition, 𝑠𝐼𝑘𝑖𝑗  is the uncertainty of the respondent's opinion, and 𝑠𝐹𝑘𝑖𝑗  is the degree of falsity of 

the proposition according to the respondent. This assessment is taken as the set: 𝑙𝑖𝑗 = {(𝑠𝑇𝑘𝑖𝑗 , 0), (𝑠𝐼𝑘𝑖𝑗 , 0), (𝑠𝐹𝑘𝑖𝑗 , 0)}                          (5) 

Additionally, it is set (s3, 0)  as the minimum expected value, or equivalently 𝛽 = 3. This is done to 
ensure that the expected quality is met. 

The propositions that each respondent is asked to confirm or refute are as follows: 
 

Table 1. Propositions from the survey were applied to the respondents. 

 
Proposi-

tion 

Has this university established and formulated its mission and objectives, recognizing that it is 

a community of professors, students, and graduates, and whose management is the attribute and 
responsibility of its members? 

1 MISSION 
There is a written mission statement at the institutional and faculty level. 

2 The mission statement includes research strategy, formulation, university outreach, and production 
of goods and services. 

3 The mission statement is understood by students and graduates of the Faculty. 
4 The mission statement is known by students and graduates of the Faculty. 
5 The mission statement is applied by students and graduates of the Faculty. 
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Proposi-

tion 

Has this university established and formulated its mission and objectives, recognizing that it is 

a community of professors, students, and graduates, and whose management is the attribute and 

responsibility of its members? 

6 GOALS 

The geographic area to which educational services are provided is clearly defined. 
7 The professional courses offered have been specified, and admission quotas have been set. 
8 The objectives of the basic areas of research, training, social outreach, and production of goods and 

services are explicit and realistic. 
9 The coverage objectives for each school have been indicated and quantified. 
10 The quality objectives of academic and administrative services have been indicated and quantified 
11 There are clear policies regarding student participation in the running of the faculty. 

 

 

An important equation is to convert a triad (sT, a), (sI, b), (sF, c) into a single value 𝜒𝑇, where 2TLNN 
becomes 2TLN. Suppose the indices of (sT, a), (sI, b), (sF, c) in S are p, q, and r, respectively. Then the sin-
gle index is obtained from the formula: 𝛽̃ = 8+𝛽𝑇−βI−βF3                            (6) 

Where, βT = 𝑝 + 𝑎, βI = 𝑞 + 𝑏, βF = 𝑟 + 𝑐. 

Note that βT, βI, βF ∈ [0, 4]. 
On the other hand, the maximum of 𝛽̃ is obtained for the combination βT = 4, βI = 0, βF = 0, and 

therefore 𝛽̃ ≤ 4; and the minimum is obtained for the combination βT = 0, βI = 4, βF = 4 and therefore 0 ≤ 𝛽̃. 

This function is the score function in Equation 3. 

This value is then calculated as ∆(𝛽̃) to be the 2-tuple (si, α) of Equation 1. 

The procedure we will follow in processing the survey data is as follows: 
 

1. Each respondent evaluates the survey propositions shown in Table 1 according to three lin-

guistic values of S, resulting in a set of values 𝑙𝑖𝑗 = {(𝑠𝑇𝑘𝑖𝑗 , 0), (𝑠𝐼𝑘𝑖𝑗 , 0), (𝑠𝐹𝑘𝑖𝑗 , 0)}. Where i is 

the respondent index and j is the question index. 
2. The average is calculated for each group of respondents (local government members, teach-

ers, students, and graduates) and all respondents in general. 
The following equation is used: 𝑙𝐺̅𝑚𝑗 = {(𝑠𝑇𝐺𝑚𝑘𝑗̅̅̅̅ , 𝑎), (𝑠𝐼𝐺𝑚𝑘𝑗̅̅̅̅ , 𝑏), (𝑠𝐹𝐺𝑚𝑘𝑗̅̅̅̅ , 𝑐)}                   (7) 

Such that 𝑚 =  1, 2, 3, 4, 5; 𝐺1 is the group of respondents from the local government, 𝐺2 is the group of teachers surveyed, 𝐺3 is the group of student respondents, 𝐺4 is the group of respondents who graduated, 𝐺5 is the group of all respondents. 
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The average over a 𝐺m for (𝑠𝑇𝑘𝑖𝑗 , 0), (𝑠𝐼𝑘𝑖𝑗 , 0), (𝑠𝐹𝑘𝑖𝑗 , 0) is obtained from the average of the indices 𝑇𝑘𝑖𝑗, 𝐼𝑘𝑖𝑗 , 𝐹𝑘𝑖𝑗 for all i belonging to 𝐺m. From now on, we obtain betas for each triple of each question, and finally 

by applying Equation 1 we obtain the 2TLNNs of Equation 7. 

3. Each of the 2TLNNs in Equation 7 becomes a single 2TLN for each group 𝐺m and for each 
proposition in the survey 𝑗 = 1, 2, … , 11. 

In this way, we have the following betas of the 2TLNs: 𝛽̂𝐺m𝑗 which is the beta obtained for the group 𝐺m, 𝑚 = 1, 2, 3, 4, 5 concerning the j-th ques-
tion. 

4. In this way, for each group and each question, the result is returned: Δ(𝛽̂𝐺m𝑗) = (𝑠θ𝑗 , 𝛼̂𝐺m𝑗), 

Where θ𝑗 ∈ {0, 1, 2, 3, 4} and 𝛼̂𝐺m𝑗 ∈ [−0.5, 0.5). 

Besides: 
Whether 𝛽̂𝐺m𝑗 < 3, then the aspect measured in the j-th question does not satisfy the mini-
mum expected quality. 
Whether 𝛽̂𝐺m𝑗 ≥ 3, then the aspect measured in the j-th question satisfies the minimum ex-
pected quality. 

 
The results are summarized in Tables 2-6. 
 

Table 2. The result of the opinion of the government authorities in the form of 2TLNNs, its equivalent in the 
 form of 2TLNs, and the decision. 

 
Proposi-

tion 
Linguistic Average 2TLN equivalent Does it satisfy quality? 

1 (𝑠1, −0.5), (𝑠0, 0.333), (𝑠0, 0.333) (𝑠3, −0.389) No 

2 (𝑠1, −0.5), (𝑠1, −0.333), (𝑠0, 0.167) (𝑠3, −0.444) No 

3 (𝑠0, 0), (𝑠0, 0.333), (𝑠1, −0.5) (𝑠2, 0.389) No 

4 (𝑠0, 0), (𝑠0, 0.333), (𝑠1, −0.5) (𝑠2, 0.389) No 

5 (𝑠0, 0), (𝑠1, −0.333), (𝑠0, 0.333) (𝑠2, 0.333) No 

6 (𝑠1, −0.5), (𝑠0, 0.333), (𝑠1, −0.5) (𝑠3, −0.444) No 

7 (𝑠0, 0), (𝑠1, −0.333), (𝑠0, 0.333) (𝑠2, 0.333) No 

8 (𝑠1, −0.5), (𝑠0, 0.333), (𝑠0, 0.333) (𝑠3, −0.389) No 

9 (𝑠0, 0), (𝑠0, 0.333), (𝑠1, −0.333) (𝑠2, 0.333) No 

10 (𝑠1, −0.5), (𝑠1, −0.333), (𝑠0, 0.333) (𝑠3, −0.5) No 

11 (𝑠0, 0), (𝑠0, 0.333), (𝑠1, −0.5) (𝑠2, 0.389) No 
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Table 3. The result of the teachers' opinion in the form of 2TLNNs, its equivalent in the form of 2TLNs and the decision. 
 

Proposi-

tion 
Linguistic Average 

2TLN equivalent Does it satisfy quality? 

1 (𝑠0, 0.107), (𝑠1, −0.286), (𝑠0, 0.357) (𝑠2, 0.345) No 

2 (𝑠0, 0.25), (𝑠1, −0.143), (𝑠0, 0.143) (𝑠2, 0.417) No 

3 (𝑠0, 0.107), (𝑠1, −0.214), (𝑠0, 0.357) (𝑠2, 0.321) No 

4 (𝑠0, 0.107), (𝑠1, −0.286), (𝑠0, 0.429) (𝑠2, 0.321) No 

5 (𝑠0, 0.25), (𝑠1, −0.143), (𝑠0, 0.286) (𝑠2, 0.369) No 

6 (𝑠0, 0), (𝑠1, −0.143), (𝑠0, 0.357) (𝑠2, 0.262) No 

7 (𝑠0, 0.107), (𝑠0, 0.286), (𝑠1, −0.357) (𝑠2, 0.393) No 

8 (𝑠0, 0), (𝑠0, −0.143), (𝑠0, 0.357) (𝑠2, 0.262) No 

9 (𝑠0, 0), (𝑠0, −0.214), (𝑠0, 0.393) (𝑠2, 0.274) No 

10 (𝑠0, 0.107), (𝑠0, −0.214), (𝑠0, 0.393) (𝑠2, 0.310) No 

11 (𝑠0, 0.214), (𝑠0, −0.214), (𝑠0, 0.464) (𝑠2, 0.321) No 

 

Table 4. The result of the student's opinion in the form of 2TLNNs, its equivalent in the form of 2TLNs and the decision. 
 

Proposi-
tion 

Linguistic Average 
2TLN equivalent Does it satisfy quality? 

1 (𝑠0, 0.396), (𝑠1, −0.319), (𝑠0, 0) (𝑠3, −0.429) No 

2 (𝑠0, 0.363), (𝑠1, −0.495), (𝑠0, 0) (𝑠3, −0.381) No 

3 (𝑠0, 0), (𝑠1, −0.363), (𝑠0, 0.041) (𝑠2, 0.40) No 

4 (𝑠0, 0), (𝑠1, −0.298), (𝑠0, 0.066) (𝑠2, 0.410) No 

5 (𝑠0, 0), (𝑠1, −0.319), (𝑠0, 0.055) (𝑠2, 0.421) No 

6 (𝑠0, 0), (𝑠1, −0.473), (𝑠0, 0.077) (𝑠2, 0.465) No 

7 (𝑠0, 0.132), (𝑠1, −0.451), (𝑠0, 0.055) (𝑠3, −0.491) No 

8 (𝑠0, 0.165), (𝑠0, −0.495), (𝑠0, 0.077) (𝑠3, −0.473) No 

9 (𝑠0, 0.231), (𝑠0, 0.484), (𝑠0, 0.055) (𝑠3, −0.436) No 
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Proposi-
tion 

Linguistic Average 
2TLN equivalent Does it satisfy quality? 

10 (𝑠0, 0.198), (𝑠1, −0.495), (𝑠0, 0.077) (𝑠3, −0.462) No 

11 (𝑠0, 0), (𝑠0, −0.429), (𝑠0, 0.110) (𝑠2, 0.440) No 

 
Table 5. Result of the graduates' opinion in the form of 2TLNNs, its equivalent in the form of 2TLNs and the decision. 

 
Proposi-
tion Linguistic Average 

2TLN equivalent Does it satisfy quality? 

1 (𝑠0, 0.190), (𝑠0, 0.476), (𝑠0, 0.365) (𝑠2, −0.450) No 

2 (𝑠0, 0.365), (𝑠1, −0.206), (𝑠0, 0.175) (𝑠2, 0.466) No 

3 (𝑠0, 0.238), (𝑠1, 0.143), (𝑠0, 0) (𝑠2, 0.365) No 

4 (𝑠0, 0.286), (𝑠1, 0.111), (𝑠0, 0) (𝑠2, 0.392) No 

5 (𝑠0, 0.238), (𝑠1, −0.079), (𝑠0, 0.095) (𝑠2, 0.407) No 

6 (𝑠0, 0.397), (𝑠1, −0.048), (𝑠0, 0.190) (𝑠2, 0.418) No 

7 (𝑠0, 0.190), (𝑠1, −0.333), (𝑠0, 0.270) (𝑠2, 0.418) No 

8 (𝑠0, 0.238), (𝑠0, −0.270), (𝑠0, 0.429) (𝑠2, 0.360) No 

9 (𝑠0, 0.333), (𝑠0, −0.239), (𝑠0, 0.175) (𝑠2, 0.466) No 

10 (𝑠0, 0.333), (𝑠1, −0.365), (𝑠0, 0.206) (𝑠3, 0.497) No 

11 (𝑠0, 0), (𝑠0, −0.429), (𝑠0, 0.317) (𝑠2, 0.370) No 

 
Table 6. Result of the opinion of all respondents in the form of 2TLNNs, its equivalent in the form of 2TLNs and the decision. 

 
Proposition 

Linguistic Average 
2TLN equivalent Does it satisfy qua-

lity? 

1 (𝑠0, 0.287), (𝑠1, −0.394), (𝑠0, 0.186) (𝑠2, 0.498) No 

2 (𝑠0, 0.351), (𝑠1, −0.340), (𝑠0, 0.085) (𝑠3, −0.465) No 

3 (𝑠0, 0.096), (𝑠1, − 0.181), (𝑠0, 0.090) (𝑠2, 0.395) No 

4 (𝑠0, 0.112), (𝑠1, −0.170), (𝑠0, 0.112) (𝑠2, 0.390) No 

5 (𝑠0, 0.117), (𝑠1, −0.213), (𝑠0, 0.112) (𝑠2, 0.406) No 

6 (𝑠0, 0.149), (𝑠1, −0.287), (𝑠0, 0.170) (𝑠2, 0.422) No 
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Proposition 
Linguistic Average 

2TLN equivalent Does it satisfy qua-
lity? 

7 (𝑠0, 0.144), (𝑠1, −0.447), (𝑠0, 0.223) (𝑠2, 0.456) No 

8 (𝑠0, 0.176), (𝑠1, −0.372), (𝑠0, 0.245) (𝑠2, 0.434) No 

9 (𝑠0, 0.223), (𝑠1, −0.383), (𝑠0, 0.165) (𝑠2, 0.480) No 

10 (𝑠0, 0.239), (𝑠1, −0.404), (𝑠0, 0.176) (𝑠2, 0.489) No 

11 (𝑠0, 0.032), (𝑠1, −0.404), (𝑠0, 0.245) (𝑠2, 0.397) No 

 
As can be seen from Tables 2-6, the expected quality was not achieved in any aspect. 

4. Conclusion 

There is undoubtedly an abundant literature on university management, strategic planning, quality, 
and evaluation, which has reached a significant level of development. In the specific field of universities, 
we have recently observed a notable concern for improving the management of higher education in 
Latin America and the Caribbean, as expressed by UNESCO specialists. In Peru, there has also been a 
profound interest among faculty members concerned with improving the quality of higher education 
through strategic management. Therefore, this article is dedicated to studying the quality of teaching at 
the Faculty of Administrative Sciences and Tourism of the José Faustino Sánchez Carrión National Uni-
versity. A survey was conducted among 118 members of the city of Huacho, including local government 
authorities, faculty members, students, and university alumni. The survey determined whether the fac-
ulty is aware of and fulfills the mission and objectives proposed at the founding of this educational 
institution. To this end, 11 questions were formulated, and it was determined that in no case was the 
minimum quality requirement achieved. For the answers, respondents were asked to respond in the 
form of 2-tuple Linguistic Neutrosophic Numbers. In this way, uncertainty is taken into account when 
evaluating the survey questions, and respondents were able to easily use a linguistic scale. When com-
paring the average results with a pre-established minimum threshold, the scores were below the thresh-
old in all cases. This implies that efforts must be made to improve the quality of this faculty, with the 
support of the local government, faculty, students, and to the extent possible, alumni. 
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Abstract: This study systematically examines the applications of neutrosophic logic in Ecuadorian medicine, focusing 
on its role in improving medical decision making and preventive healthcare. By conducting a structured literature 
review selected articles, the research highlights how neutrosophic methods—such as Single-Valued Neutrosophic Sets 
(SVNS) and Neutrosophic Cognitive Maps (NCMs)—address uncertainty, indeterminacy, and contradictions inherent 
in clinical and public health data. Key contributions include improved diagnostic accuracy in maternal health, risk 
assessment for chronic diseases, and ethical decision making in telemedicine, demonstrating neutrosophic logic’s 
superiority over traditional binary approaches. The findings advocate for a broader implementation of neutrosophic 
frameworks in Ecuador’s healthcare system, while identifying challenges such as computational complexity and the 
need for standardized protocols. This work underscores the transformative potential of neutrosophic logic to foster 
precise, equitable, and resilient healthcare solutions. 
 

Keywords: Neutrosophic logic; medical decision-making; preventive healthcare; uncertainty; Ecuadorian medicine. 

 
 
1. Introduction 

 
The evolution of medical decision-making has long been influenced by the development of advanced 

logical frameworks intended to optimize diagnostic processes and therapeutic interventions [1, 2]. During 
the past few decades, classical probability [3, 4] and fuzzy logic [5] have been utilized to improve diagnostic 
accuracy and treatment efficacy [6–8]. However, these models are often constrained by their inability to 
adequately address the inherent indeterminacy found in complex medical scenarios [9]. In response, 
neutrosophy and its technical derivative, neutrosophic logic, have emerged as promising frameworks 
capable of incorporating truth, falsehood, and indeterminacy into decision-making processes [10]. 

The growing adoption of neutrosophic logic to support medical analysis in Ecuador reflects its potential 
to enhance both clinical and public health outcomes. This article presents an integrative analysis of its 
applications across diverse medical domains, including COVID-19 response [11], intercultural care [12], 
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maternal health [13], chronic disease management [14], and mental health [15]. Through a structured 
literature review, we examine how neutrosophic techniques—such as Single- Single-valued neutrosophic 
Sets (SVNS) and Neutrosophic Cognitive Maps (NCMs)—improve diagnostic accuracy, risk assessment, 
and patient-centered care. By synthesizing empirical findings and theoretical insights, this study highlights 
the role of neutrosophic logic in bridging gaps left by traditional methodologies, ultimately advocating for 
its broader implementation in Ecuador’s healthcare system. 

 
2. Methodology 

 

To systematically analyze the applications of neutrosophic logic in Ecuadorian analysis of medicine, a 
structured literature review was conducted. This methodology aims to identify, evaluate, and synthesize 
relevant studies while addressing gaps in traditional approaches to medical uncertainty. Below we describe 
the details. 

 
2. 1 Search Strategy 

 
To conduct a comprehensive literature review on the applications of neutrosophic logic in Ecuadorian 

medicine, articles were systematically searched and extracted from reputable databases, including Scopus, 
Web of Science, PubMed, and Google Scholar. The search was performed using the following keywords 
and their combinations: 

 
• Neutrosophic logic, neutrosophy 
• Medical decision-making, preventive healthcare 
• Ecuador, uncertainty in medicine 
• Indeterminacy, clinical data analysis   

 
Boolean operators (AND, OR) were employed to refine the search results. The search was limited to 

articles published in English and Spanish since 2020 to ensure relevance to contemporary medical practices. 
 

2.2 Inclusion and Exclusion Criteria 

 
Inclusion Criteria: 

• Studies focusing on the application of neutrosophic logic in medical or healthcare contexts, 
particularly in Ecuador. 

• Articles addressing topics such as diagnostic uncertainty, patient-centered care, public health, 
chronic diseases, mental health, or medical ethics. 

• Peer-reviewed journal articles, conference proceedings, and book chapters with empirical or 
theoretical contributions. 

Exclusion Criteria: 
• Studies not related to neutrosophy or its applications in medicine. 
• Articles lacking empirical data or clear methodological rigor. 
• Duplicate publications or studies not available in full text. 

 
2.3 Screening and Selection Process 

 
The article selection process followed these stages: 

• Initial Screening: Titles and abstracts of retrieved articles were screened for relevance based on 
the inclusion criteria. 
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• Full-Text Review: Potentially relevant articles were reviewed in full to assess their alignment 
with the study’s objectives. 

• Final Selection: Articles meeting all criteria were included in the review. 
 
2.4 Results of Article Selection 

 
The selection process yielded the following results: 
 

Table 1. Article Selection Results 
 

Selection Stage Number of Articles 

Total articles retrieved 123 

Excluded after initial screening 
 

72 

Excluded after full-text review 31 

Final included articles 23 

 
 
The selected articles were categorized thematically to align with the manuscript’s focus areas, such as 

COVID-19 and public health, intercultural care, maternal and adolescent health, chronic diseases, and 
mental health. 

 
2.5 Data Extraction and Analysis 

 
Data from the included articles were extracted using a standardized template, capturing: 

• Study objectives, methodologies, and key findings 
• Neutrosophic techniques employed (e.g., Single-Valued Neutrosophic Sets, Neutrosophic 

Cognitive Maps) 
• Applications in medical decision-making and preventive healthcare 

Thematic synthesis was performed to identify patterns, gaps, and innovations in the field, as presented 
in the Results section of the manuscript. 

 
3. Results 

 
The present study provides compelling evidence for the benefits of neutrosophic applications in 

Ecuadorian medicine. By incorporating indeterminacy into diagnostic and decision-making processes, 
neutrosophy addresses a critical gap in traditional methodologies that often overlook uncertain and 
contradictory clinical data [10] (Figure 2). At its core, neutrosophic logic facilitates the evaluation of 
patients’ health by considering three components: truth, falsehood, and indeterminacy. 
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Figure 1.  Neutrosophic Techniques in Ecuadorian Medical Studies 

 
Frequency of different neutrosophic techniques identified in reviewed Ecuadorian medical research. 

Single-Valued Neutrosophic Sets (SVNS) and Neutrosophic Cognitive Maps (NCMs) are the most 
frequently applied methods, reflecting a strong focus on modeling uncertainty in both quantitative and 
qualitative contexts. 

In the following lines, we present in a categorized way the applications of neutrosophic logic in 
Ecuadorian clinical practice that we have identified from the selected articles, highlighting the techniques 
used, the motivation behind the use of neutrosophy, and the most relevant findings from their studies. 

 
3.1 COVID-19 and Public Health 

 
Price speculation and health rights during COVID-19: The work presented by [11] analyzed the 

relationship between price speculation in medical supplies/hospital services and its impact on health rights. 
To this end, their work considered: a mixed approach (theoretical, empirical, statistical-mathematical), 
neutrosophic statistical analysis, descriptive statistics (frequency distribution), documentary review 
(media, legal regulations), and interviews with health professionals. Neutrosophic logic allowed them to 
manage uncertainty and imprecision in data (e.g. fluctuating prices), model indeterminacies in economic 
and health variables, analyze contradictions (e.g. public/private cost disparities), and integrate ambiguous 
qualitative and quantitative aspects. Based on their results, they found a public perception of abuse in 
private billing. However, no clear evidence of profiteering in ICU services was found (private and public 
costs were similar). Furthermore, they found large variations in drug prices (e.g., midazolam increased by 
1383%). High demand and shortages drove price increases. 

Public procurement corruption during COVID-19: The work presented by [16] investigated the causes 
of corruption in medical supply procurement using neutrosociology. For this they used Neutrosociology 
(triadic analysis: <A>, <neut A>, <anti A>), Single-Valued Neutrosophication Sets (SVNS), Survey with 
probabilistic scoring, and a de-neutrosophication process. Neutrosophic logic allowed them to handle 
survey responses that involve uncertainty, contradictions, and indeterminacy. They carried it out through 
a triadic analysis that models complex human opinions more accurately than classical methods. 
Furthermore, neutrosociology captures vague, incomplete, or biased sociological data. According to their 
results, the main cause was the interference of public servants as partners in medical supply companies 
(72% truth value). Other causes were the lack of SERCOP control (46%) and the monopolization of contracts 
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(54%). Furthermore, legal gaps in procurement norms were not recognized as a significant cause. 
Healthcare system resilience post-COVID-19: The work presented by [17] evaluated programs to 

improve resilience using neutrosophic multi-criteria decision-making. To do this, they used neutrosophic 
statistics, including the neutrosophic probability distribution, neutrosophic mean, variance, and coefficient 
of variation (NCV). They considered neutrosophic statistics since classical statistics cannot handle 
indeterminate, ambiguous, or incomplete data. Neutrosophic methods account for uncertainty (T, I, F) in 
clinical decisions. Furthermore, neutrosophic statistics provide a framework for analyzing data with 
contradictions or lack of consensus. According to their results, pancreatic cancer screening had the highest 
indeterminacy (69.9%). Furthermore, routine screening for dementia required fewer clinical studies to 
reach a consensus. Finally, neutrosophic statistics revealed contradictions and uncertainties in clinical 
decisions. 

 
3.2 Intercultural and Patient-Centered Care 

 
Intercultural medical care relevance: The work presented by [12] assessed healthcare professionals’ 

perceptions of intercultural treatments. For this end, they considered neutrosophic sampling (interval-
based population calculation), Survey with neutrosophic Likert scale, Pearson correlation test, and 
Theoretical methods (analytical-synthetic, inductive-deductive, systemic). Neutrosophic logic allowed 
them to handle uncertainty in cultural perceptions (truth / indeterminacy / falsity), model ambiguity in 
Likert-scale responses via SVNNs (Single-Valued Neutrosophic Numbers), address partial knowledge 
about traditional medicine adoption, and quantify subjective assessments of “relevance” with linguistic 
neutrosophic scales. They found that 36.6% considered intercultural treatments “somewhat relevant” 
(primary finding), 23.3% viewed them as “not relevant”. Furthermore, strong correlations (r > 0.9) between 
survey questions validated the instrument. Finally, younger professionals showed more openness to inter-
cultural approaches. 

Patient-Centered Care (PCC) acceptance: The work presented by [18] evaluated positive/negative 
aspects and patient perceptions of PCC. To do this, they used the Neutrosophic IADOV method, surveys, 
and qualitative analysis. They considered neutrosophic techniques because they capture the degrees of 
truth, indeterminacy, and falsehood in patient perceptions, providing a multidimensional analysis of PCC 
acceptance. Based on their results, Personal Experience (PE) is the predominant factor in PCC acceptance. 
Furthermore, positive experiences (e.g. effective communication) enhance acceptance, while negative 
experiences reduce it. Finally, variability in experiences contributes to indeterminacy. 

 
3.3 Maternal and Adolescent Health 

 
Adolescent pregnancy factors: The work presented by [13] analyzed socioeconomic and educational 

factors that contribute to adolescent pregnancy. For this they made use of neutrosophic statistics (interval-
based analysis), Single-Valued Neutrosophic Numbers (SVNNs), Neutrosophic frequency distributions, 
Coefficient of Variation (CV) analysis, Expert surveys with linguistic neutrosophic scales. They considered 
neutrosophy to model uncertainty in survey responses (truth/indeterminacy/falsity), handle vagueness in 
socioeconomic and psychological factors, quantify linguistic assessments (e.g., “severely deteriorated” = 
(0.3,0.75,0.8)), analyze contradictory data (e.g., partial acceptance of responsibility), and address incomplete 
knowledge of risk conditions. 

Hypothyroidism complications in pregnancy: The work presented by [19] estimated risks like 
preeclampsia using neutrosophic multicriteria analysis. To do this, they used the following techniques: 2-
tuple linguistic neutrosophic numbers (2TLNNs), Multi-criteria decision-making (MCDM), Neutrosophic 
statistical aggregation, and scoring and accuracy functions. They considered neutrosophic logic since 
medical evaluations involve uncertainty and subjective judgments. Thus, through 2TLNNs truth, 
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indeterminacy, and falsity in expert opinions are modeled, making it suitable for integrating heterogeneous 
data (numerical/linguistic) from multiple criteria. Based on their results, the key complications are 
preeclampsia (highest risk), preterm labor, and recurrent UTIs. The 2TLNN technique effectively 
prioritized complications using expert evaluations. This case study demonstrated its clinical applicability 
for risk assessment. 

 
3.4 Chronic and Non-Communicable Diseases 

 
Cerebral Palsy risk factors: The work presented by [14] identified perinatal risks (e.g., hypoxia, sepsis) 

using neutrosophic fuzzy logic. For this, they used Compensatory Fuzzy Logic (CFL) with neutrosophic 
extension. They considered neutrosophic techniques since they handle indeterminacy and linguistic 
evaluations, and integrate expert opinions with quantitative data for robust analysis. They found that the 
highest incidence of risk factors was in the perinatal period (36%). In addition, they found the following 
key factors: severe hypoxia at birth, neonatal convulsions, sepsis, and preterm delivery. 

Hypertension rehabilitation outcomes: The work presented by [20] assessed long-term efficacy of 
rehabilitation programs. For this purpose, they considered the following techniques: Neutrosophic 
sampling (n=[10.1,30.6]), Pearson correlation, Triad assessment (HR, SBP, DBP), Neutrosophic p-values. 
Neutrosophic techniques allowed them to handle uncertainty in post-rehabilitation outcomes, model 
indeterminate patient responses, and capture variability in treatment efficacy across indicators. 

Obesity determinants: The work presented by [21] analyzed sociocultural and lifestyle factors using 
Neutrosophic Cognitive Maps (NCMs). For this purpose, they considered the following techniques: 
Hermeneutical method, Neutrosophic Cognitive Maps (NCMs), Static analysis (indegree, outdegree, total 
centrality), de-neutrosophication process. They used these techniques since: Hermeneutical analysis 
introduces subjectivity and uncertainty, NCMs handle indeterminacy (T, I, F) in causal relationships. All 
of them provide a framework to integrate diverse perspectives (medical, non-medical, patient) and 
quantify their influence. They found the following key causal factors: sociocultural-economic factors, 
sedentary lifestyle, and unhealthy eating. Furthermore, they found variability in rankings across medical 
experts, non-medical experts, and patients. Therefore, they proposed the following strategies: 
communication campaigns, nutritional guides, regulation of unhealthy food sales, and educational 
programs. 

Autism Spectrum Disorder (ASD) causal factors: The work presented by [22] identified key factors 
(e.g., premature birth) via NCMs. For this they used Neutrosophic Cognitive Maps (NCMs), Static analysis 
(indegree, outdegree, total centrality), De-neutrosophication process, and expert interviews and clinical 
reviews. They considered neutrosophic techniques since the diagnosis of ASD involves high uncertainty 
and subjective interpretations. NCMs handle indeterminacy (T, I, F) in causal relationships, making them 
suitable for integrating diverse expert opinions and quantifying influence in complex, uncertain scenarios. 
They found the following key causal factors: premature birth (highest influence), family history of autism, 
and cesarean birth/traumatic delivery. Other notable factors were: exposure to electronic devices with blue 
light and advanced parental age.  Their recommendations included further study on the impact of reducing 
exposure to blue light devices. 

 
3.5 Nursing and Healthcare Workflows 

 
Nursing Care Process in Education: The work presented by [23] highlighted training gaps in nursing 

diagnostics using neutrosophic methods. To do this, they used the following techniques: Single-Valued 
Neutrosophic Sets (SVNS), and TOPSIS method. They considered neutrosophic techniques since they 
handle indeterminacy in expert and student responses; integrates linguistic evaluations for nuanced 
decision-making. According to their results, formulating nursing diagnoses was the most challenging 
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component; neutrosophic analysis highlighted gaps in training. 
Assertive communication in nurses: The work presented by [24] evaluated competencies using 

Neutrosophic Cognitive Maps. To do this, they used surveys, expert assessment, and Neutrosophic 
Cognitive Maps (NCMs). Neutrosophic techniques allow them the modeling of indeterminacy and 
uncertainty inherent in human communication behaviors, which classical models cannot fully capture. 
They found that nurses showed moderate to high assertive communication levels. Furthermore, key 
influencing factors were identified through NCM analysis. 

Nursing workflow optimization: The work presented by [25] proposed strategies to address barriers 
like unequal nurse distribution. The following techniques were considered: Neutrosophic MOORA 
method, SVNN (Single-Valued Neutrosophic Numbers). Neutrosophic techniques allowed them to handle 
indeterminacy in policy effectiveness across regions, in addition to modeling truth/falsehood/uncertainty 
in workflow barriers and quantifying linguistic expert evaluations via SVNN. In their results, they 
identified the following key barriers: unequal nurse distribution (urban/rural), low automation, varied 
training quality. Additionally, they found the following top strategies: education / training improvement 
(Strategy 2) and staff retention policies (Strategy 4). Based on this, they proposed an automated monitoring 
system for workflow optimization. 

 
3.6 Mental Health and Psychology 

 
Depression severity evaluation: The work presented by [15] classified depression levels using 

neutrosophic numbers. To do this, they considered neutrosophic numbers to model uncertainty, in 
addition to the Ordered Weighted Average (OWA) operator for aggregation and a multi-expert multi-
criteria approach. They considered neutrosophic techniques since the symptoms of depression involve 
inherent uncertainty and vagueness. Neutrosophic logic handles truth, falsehood, and indeterminacy 
simultaneously, providing a flexible framework for modeling subjective and ambiguous clinical data. 
According to their results, the method successfully classified the patient’s depression level as “Severe 
depression”, demonstrating its applicability in clinical settings. 

Emotional Intelligence (EI) in students: The work presented by [26] classified EI states (e.g., 
indeterminate traits) via neutrosophic psychology. For this, they used the neutrosophic trait operator, a 
survey with 7 variables (V1-V7), and a bipolar scaling [-1,1] for EI classification. They considered 
neutrosophic techniques since they capture indeterminate states between EI and non-EI, in addition to 
modeling dynamic transitions in EI traits, allowing the management of borderline cases in psychological 
assessments. 

 
3.7 Dental and Oral Health 

 
Dental fluorosis prevalence: The work presented by [27] investigated triggers such as the use of 

mouthwash. To do this, they applied the following: surveys to parents (17 questions), dental photographic 
analysis (TF Index), and neutrosophic statistics (Chi-square test). Neutrosophic techniques allowed them 
to handle indeterminacy in survey responses (e.g., unclear toothpaste brands), and ambiguity in data (e.g., 
multiple possible answers). All this given that neutrosophic statistics handles imprecise/indeterminate data 
better than classical methods. In their results, they did not find a significant relationship between fluorosis 
and most variables (diet, toothpaste use). In contrast, a significant relationship was found between fluorosis 
and mouthwash use (p-value < 0.05). Additionally, 82.6% of children had fluorosis (TF1–TF9). 

Dental implant success criteria: The work presented by [28] prioritized factors (e.g., absence of pain) 
using neutrosophic evaluation. To do this, they considered neutrosophic numbers to model uncertainty, 
Ordered Weighted Average (OWA) operator for aggregation, and a multi-expert multi-criteria approach. 
They considered neutrosophic techniques since the symptoms of depression involve inherent uncertainty 
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and vagueness. Neutrosophic logic handles truth, falsehood, and indeterminacy simultaneously, providing 
a flexible framework for modeling subjective and ambiguous clinical data. The work mentions that the 
method successfully classified the patient’s depression level as “Severe depression”, demonstrating 
applicability in clinical settings. 

Knowledge of dental emergencies: The work presented by [29] assessed the impact of first aid training 
on dentistry students. For this they used Single-Valued Neutrosophic Sets (SVNS), SVNWA operator, and 
hierarchical clustering. They considered neutrosophic techniques to handle uncertainty and linguistic 
evaluations in open-ended responses. The results showed that the majority (65%) had negative evaluations; 
students with first aid courses performed better (88% effectiveness). 

 
3.8 Ethical and Educational Assessments 

 
Medical ethics and bioethics: The work presented by [30] analyzed challenges in Ecuador using 

neutrosophic Delphi methods. To do this, they used the Neutrosophic Delphi method, Single-Valued 
Neutrosophic Numbers (SVNNs), Expert competence coefficient (KN), and a consensus-based evaluation 
(Torgerson scale). They considered neutrosophic techniques to manage indeterminacy in expert opinions 
and ethical dilemmas, in addition to ambiguity in evaluating qualitative factors (e.g., cultural values). 
Neutrosophic methods handle uncertainty and partial truths in expert judgments. Indeed, SVNNs capture 
truth, indeterminacy, and falsity in responses. They found the following findings: Subset 3 (Education in 
medical ethics/bioethics) was most impactful. Subsets 1 (Legal framework) and 5 (Culture/social values) 
were secondary. 

Ethical factors in telemedicine: The work presented by [31] evaluated autonomy and decision-making 
in remote care. For this they used Bipolar neutrosophic sets (BNS), TOPSIS method in a bipolar 
neutrosophic environment, and a multi-criteria decision-making (MCDM). They considered neutrosophic 
techniques since ethical dilemmas in telemedicine involve inherent ambiguity and uncertainty. Bipolar 
neutrosophic numbers capture the polarity of linguistic information, enhancing decision-making. 
According to their results, “Patient autonomy in remote decision-making” was the most influential ethical 
factor. The method provided a robust and equitable tool for addressing ethical complexity in telemedicine. 

Self-medication knowledge/attitudes: The work presented by [32] studied prevalence and risks using 
indeterminate Likert scales. For this, they used the Indeterminate Likert Scale (TRINS-based), 
Neutrosophic Similarity measures, Triple Refined Indeterminate Neutrosophic Sets (TRINS), and statistical 
analysis of survey data. They used neutrosophic techniques to handle ambiguity in survey responses (e.g., 
mixed attitudes), in addition to the need to capture partial truths in Likert-scale answers. The TRINS 
models refined indeterminacy (positive/negative leanings), while neutrosophic similarity allowed them to 
convert fuzzy responses to actionable data. Their results found a 64.8% prevalence of self-medication, while 
53% had poor knowledge about the risks. They also found a strong correlation with favorable attitudes 
(70.9%), and a higher prevalence among older adults (83.9%) and those with lower education. 

Medical students’ NCD knowledge: The work presented by [33] self-assessed knowledge levels using 
neutrosophic linguistic scales. For this they used Neutrosophic Likert scale, surveys, Pearson correlation, 
descriptive statistics, and Euclidean distance clustering. Neutrosophic techniques allowed them to capture 
uncertainty in self-assessment by modeling truth, indeterminacy, and falsehood in responses. The linguistic 
scale provides nuanced evaluation of subjective knowledge levels. Their results showed that students self-
assessed their knowledge of NCD classification, treatment, and prevention as predominantly “Medium” 
(33.4-50%), with significant variability. Strong correlations (r > 0.9) were found between all knowledge 
domains. 
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4 Discussion 

4.1 Neutrosophic Logic in Preventive Healthcare 

 

Preventive healthcare, a cornerstone of public health strategies, relies extensively on the early detection 
and management of risk factors for chronic diseases. In traditional systems, uncertainty in patient data and 
variability in physiological indicators often lead to suboptimal preventive measures. 

The integration of neutrosophic logic into preventive healthcare represents a paradigm shift in 
addressing uncertainty, indeterminacy, and contradictory data inherent in clinical and public health 
decision-making. As demonstrated in the reviewed studies, neutrosophic methods– grounded in the triad 
of truth (T), indeterminacy (I), and falsity (F)–provide a robust framework for modeling complex, 
ambiguous scenarios where traditional binary or probabilistic approaches fall short [34,35]. 

Managing Uncertainty in Risk Assessment and Screening: Neutrosophic logic excels in preventive 
applications such as risk stratification and early disease detection. For instance, in maternal health [19] 
employed neutrosophic multicriteria analysis to evaluate hypothyroidism-related complications (e.g., 
preeclampsia), capturing subjective expert judgments and heterogeneous data through 2-tuple linguistic 
neutrosophic numbers (2TLNNs). This approach prioritized risks more accurately than conventional 
methods by quantifying indeterminacy in clinical opinions. Similarly, [17] used neutrosophic statistics to 
analyze contradictions in cancer and dementia screening programs, revealing high indeterminacy (69.9% 
in pancreatic cancer screening) due to conflicting expert consensus. Such findings underscore neutrosophic 
logic’s capacity to identify gaps in preventive protocols and refine screening guidelines. 

Enhancing Public Health Interventions: In public health, neutrosophic methods address 
indeterminacy in socio-cultural and behavioral determinants of disease. The study on obesity determinants 
[21] applied Neutrosophic Cognitive Maps (NCMs) to model causal relationships between lifestyle factors 
(e.g., sedentary behavior) and health outcomes, integrating divergent perspectives from medical experts 
and patients. The results highlighted variability in risk perceptions, advocating for tailored communication 
campaigns—a critical insight for preventive strategies. Likewise, [13] leveraged neutrosophic statistics to 
analyze adolescent pregnancy drivers, quantifying linguistic ambiguities (e.g., “severely deteriorated” 
socioeconomic conditions = (0.3, 0.75, 0.8)) and enabling policymakers to target interventions more 
effectively. 

Strengthening Ethical and Patient-Centered Prevention: Neutrosophic logic also bridges ethical and 
practical challenges in preventive care. For example, [18] evaluated Patient-Centered Care (PCC) 
acceptance using neutrosophic IADOV methods, revealing those personal experiences (e.g., 
communication quality) significantly influence preventive health engagement. This aligns with the 
neutrosophic Delphi analysis of medical ethics presented in [30], where education in bioethics (Subset 3) 
emerged as pivotal for equitable preventive care delivery. By formalizing subjective patient and provider 
perspectives, neutrosophic logic fosters culturally sensitive prevention frameworks [36]. 

Despite its promise, neutrosophic applications in prevention face challenges. First, the complexity of 
neutrosophic algorithms may hinder widespread adoption in resource-limited settings [10]. Second, while 
studies like [27] (dental fluorosis) and [22] (ASD risk factors) demonstrate methodological rigor, broader 
validation through longitudinal data is needed. Future research should explore hybrid models combining 
neutrosophic logic with machine learning to automate indeterminacy handling in large-scale preventive 
datasets [16, 21]. 

All in all, neutrosophic logic offers a transformative tool for preventive healthcare by systematically 
addressing uncertainty, contradictions, and sociocultural variability. From risk assessment to ethical policy 
design, its triadic framework enhances the precision and inclusivity of preventive interventions. Further 
interdisciplinary collaboration—spanning medicine, statistics, and AI—will be essential to unlock its full 
potential in global health contexts. 
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4.2 Implications for Medical Decision-Making Systems 
 
The incorporation of neutrosophic logic into medical decision-making systems offers a more nuanced 

approach to patient care. By enabling clinicians to consider indeterminacy as a fundamental component of 
diagnostic reasoning, these systems facilitate more informed and accurate clinical judgments. The 
improvements in diagnostic accuracy and preventive care observed in this study suggest that neutrosophic 
applications can significantly enhance the overall quality of patient care. In practice, neutrosophic decision-
making systems integrate data from multiple sources—including patient records, laboratory results, and 
even anecdotal clinical observations—to compute a more comprehensive risk profile for each patient. This 
multi-dimensional approach aids in distinguishing between patients who require immediate intervention 
and those whose clinical data presents manageable uncertainties. 

Enhanced Diagnostic Accuracy: Neutrosophic logic has demonstrated significant potential in 
improving diagnostic accuracy by accommodating partial or ambiguous information.  For instance: 

• In depression severity evaluation, neutrosophic numbers enabled accurate classification by 
accounting for symptom vagueness [15]. 

• For maternal health, 2-tuple linguistic neutrosophic numbers (2TLNNs) improved risk 
assessment of hypothyroidism complications during pregnancy [19]. 

Handling Contradictions and Variability: Medical data frequently involve contradictions addressed 
by: 

• Single-valued neutrosophic Sets (SVNS) for synthesizing conflicting expert opinions [16, 23, 29] 
• Neutrosophic Cognitive Maps (NCMs) analyze obesity determinants through multiperspective 

integration [21] 
Ethical and Patient-Centered Decision-Making: Applications include: 

• Bipolar neutrosophic sets for telemedicine ethics [31] 
• Neutrosophic IADOV method capturing patient-centered care perceptions [18] 

 
Despite its demonstrated advantages, the widespread adoption of neutrosophic logic in clinical decision 

support systems faces several significant challenges. 
First, there exists a pressing need to develop standardized protocols for implementing neutrosophic 

approaches across diverse medical applications, as current methodologies often vary between research 
groups. The computational complexity of neutrosophic algorithms also presents a practical barrier, 
particularly for real-time clinical applications where processing speed is critical. Furthermore, seamless 
integration with existing electronic health record (EHR) systems remains technically challenging due to 
differences in data structures and the need for specialized interpretation frameworks.  

Future research should prioritize the development of optimized algorithms to reduce computational 
overhead while maintaining analytical precision. Additionally, large-scale validation studies across 
multiple clinical domains will be essential to establish generalizability and build clinician confidence in 
these methods. The creation of user-friendly software interfaces and clinician training programs will be 
equally important to facilitate the transition from theoretical frameworks to routine clinical practice. 
Addressing these challenges systematically could unlock the full potential of neutrosophic systems to 
enhance medical decision-making in complex, real-world healthcare environments[37]. 

 
5 Conclusion 

 

The integration of neutrosophic logic into Ecuadorian medicine represents a significant advancement 
in addressing the complexities of medical decision-making, particularly in contexts fraught with 
uncertainty, ambiguity, and contradictory data.  By incorporating the triad of truth (T), indeterminacy (I), 
and falsity (F), neutrosophic methods provide a robust framework that surpasses traditional binary and 
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probabilistic approaches. The reviewed studies demonstrate its transformative potential across diverse 
domains, from COVID-19 response and intercultural care to chronic disease management and mental 
health. These applications highlight how neutrosophic logic enhances diagnostic accuracy, risk assessment, 
and patient-centered care, offering a more nuanced and inclusive approach to healthcare challenges. 

Despite its promise, the widespread adoption of neutrosophic logic faces challenges, including 
computational complexity and the need for standardized protocols. Future research should focus on 
optimizing algorithms, conducting large-scale validation studies, and developing user-friendly interfaces 
to facilitate integration into clinical practice. Interdisciplinary collaboration—spanning medicine, artificial 
intelligence, and ethics—will be essential to unlock the full potential of neutrosophic systems. As Ecuador 
and other regions grapple with evolving healthcare demands, neutrosophic logic stands as a pivotal tool 
for fostering resilience, equity, and precision in medical decision-making, ultimately improving outcomes 
for patients and healthcare systems alike. 
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Abstract. Branding is one of the marketing strategies that a business must follow to contribute to its prosperity. It is 

not just about giving a name with a logo; it is about spreading a seal of identity that makes customers identify with 

the company's products. If creating a successful branding strategy in the market is difficult for any entrepreneur, this 

is even more difficult for women entrepreneurs. As is known in business, in the labor market, and in everyday life, 

women face more significant challenges than men. Added to this is the fact that Ecuador is a developing country 

where there are considerable financial and economic limitations when it comes to boosting a business. This paper 

aims to identify the aspects and barriers to consider when creating an e-learning platform to help women entrepre-

neurs in the city of Guayaquil launch their brands. To this end, a survey is designed to identify these aspects. To 

process the data statistically, we prefer to use Plithogenic Statistics, with data in the form of Neutrosophic Vague 

Sets. On the one hand, the Plithogenic Statistics allows us to gather probabilities for the various aspects to be consid-

ered, including economic, political, social, and other factors. Furthermore, Neutrosophic Vague data allows us to 

capture greater accuracy in responses and address uncertainty. 

 
Keywords: Branding, Marketing, entrepreneurship feminine, Plithogenic Statistics, Neutrosophic Vague Sets, 

Plithogeny, Vague Sets, Neutrosophic Sets.

 

1 Introduction 

Branding is the process of creating and managing a brand so that it is recognizable, memorable, and 

has a lasting impact on people's minds. It goes far beyond a simple logo or name; it involves the visual 

identity, values, personality, and way a company or product communicates with its audience. 

It is a discipline related to the ability of organizations to design names for their products or services 

that successfully represent their quality and authenticity. Every object is manufactured, but it must have 

a word, symbol, or sign that represents it and helps it occupy a privileged place in the consumer's mind. 

In essence, branding seeks to differentiate a brand from the competition, build trust, and create an 

emotional connection with customers. Major brands like Apple, Nike, and Coca-Cola have built such 

strong identities that their colors, fonts, and even advertising messages are easily identifiable. 

The branding process must be carried out in a structured and strategic manner. Differentiating its 

three stages—strategy, creation, and management—allows us to understand that building a brand goes 

beyond its visual identity; it involves careful planning and ongoing work to position it in the market. 

Branding is an integrated process, a dynamic process that requires analysis, creativity, and monitor-

ing to build a strong and competitive brand. It is an analytical process that must go through various 

stages. The first stage is called strategic; it defines the brand's direction. This is followed by the creation 

phase, which is the construction of the brand's design. Finally, the management phase corresponds to 

mailto:maría.bejar@cu.ucsg.edu.ec
mailto:nancy.ricardo@cu.ucsg.edu.ec


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

 Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

María Fernanda Béjar-Feijoo, Nancy Ricardo-Domínguez. Identification of aspects and barriers to implementing branding 
strategies in female entrepreneurship in the city of Guayaquil based on Plithogenic Neutrosophic Vague Statistics 

 

124 

the entire process of implementation, control, and improvement. These are steps that must be taken into 

account when undertaking any endeavor to create a successful company. 

One of the challenges facing female entrepreneurship in Latin America is that gender asymmetries 

still exist in the business world, making it necessary to design development strategies for these busi-

nesses [1, 2]. The growth of female entrepreneurship depends primarily on the individual efforts of 

female entrepreneurs but also depends on the structural transformation of the business ecosystem to 

ensure equitable conditions for competition and development. 

In Ecuador, women-led businesses are seen through various channels. Among these is social media, 

where advertising and information about various goods and services are very common. Female entre-

preneurship has gained momentum in the economic sphere. Thus, within domestic research, progress 

is being seen in the areas of female empowerment and entrepreneurship. 

Some female-owned businesses, as evidenced on social media, lack brand management skills. There-

fore, businesses with limited branding strategies are not adequately recognized in the market. It should 

also be noted that other female-owned businesses employ logos or branded packaging that create 

awareness in the target market. Furthermore, to create a brand, one must clearly understand the differ-

ence between a trade name and a brand. A brand name is the first opportunity a product has to com-

municate something about itself to the target market. In this regard, there are barriers and challenges in 

entrepreneurship for women and female-owned businesses, branding, branding strategies, and studies 

related to brand management for entrepreneurship. 

From an entrepreneurial perspective, it can be established that the Latin American market offers an 

extraordinary opportunity for women and business development. The Inter-American Development 

Bank demonstrates a profoundly favorable relationship between those economies that provide benefits 

to improve the situation of women entrepreneurs and national competitiveness. This demonstrates the 

large number of women who are driving economic growth and contributing to poverty reduction. 

On the other hand, according to World Bank statistics, 40% of the female population is economically 

active in Latin America, yet female participation in entrepreneurial activities does not exceed 15%. 

This evidence highlights the structural difficulties women face when trying to enter and establish 

themselves in the business world. In this regard, one of the main obstacles limiting the growth of 

women-led businesses is their continued presence as microenterprises or within the informal economy. 

This phenomenon is due to multiple factors, including: 

• Limited access to financing: Female entrepreneurs often face barriers to accessing credit and 

investment capital, either due to a lack of collateral or biases in the allocation of financial re-

sources. 

• Unpaid workload: Many women must balance their role as entrepreneurs with family and 

domestic responsibilities, which reduces the time and resources available to grow their busi-

nesses. 

• Lack of business support networks: The absence of mentoring, networking, and business train-

ing opportunities limits the opportunities for expansion and consolidation of women's busi-

nesses. 

• Cultural and gender barriers: Stereotypes and prejudices in the business world can restrict 

women's opportunities to access more competitive and strategic markets. 

This paper aims to identify the aspects that should be considered when designing an e-learning 

platform dedicated to advising female entrepreneurs on creating their branding strategies in Ecuador. 

To achieve this objective, we used surveys and interviews with a group of female entrepreneurs 

nationwide. One of the conditions we imposed on the results we desired was the accuracy of the 

responses. However, the respondents' opinions contain degrees of imprecision, which are a natural part 

of how criteria are provided. Neutrosophy is the branch of philosophy that provides us with tools to 

deal with indeterminacy and uncertainty. To achieve even greater accuracy, we worked with the so-
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called Neutrosophic Vague Sets [3-6]. 

Neutrosophic sets contain three functions: a membership function, an indeterminacy function, and 

a non-membership function. The three are independent of each other. Vague sets, on the other hand, 

are composed of two functions: one for minimal membership and one for minimal non-membership, 

such that the sum of the two is at most equal to one [7-10]. When sets are defined that contain three 

vague sets—one for membership, one for indeterminacy, and one for non-membership—then we are 

dealing with Neutrosophic Vague Sets. 

Additionally, Plithogeny is the theory that allows us to model the dynamics between several 

different concepts, their opposites, and their neutrals [11-15]. One of the new theories created by F. 

Smarandache is Plithogenic Statistics, which extends classical Multivariate Statistics when we are faced 

with indeterminacy in some of these variables [16-18]. Neutrosophic Statistics is limited only where 

indeterminacy is in the form of interval-valued data [20, 21]. 

In this paper, we propose applying the methods of Plithogenic Statistics when data are represented 

in the form of Neutrosophic Vague Sets. This allows respondents to express their opinions more freely, 

as they do not need to restrict themselves to a single numerical or linguistic value. 

The paper is divided into a Materials and Methods section containing the basic concepts of 

Plithogenic Statistics and Neutrosophic Vague Sets. In the Results section, we explain how to create the 

combination of Plithogenic Statistics using data in the form of Neutrosophic Vague Sets, which we are 

not aware of having been used previously. The final section presents conclusions. 

2 Materials and Methods 

In this section, we summarize the main concepts and theories that we use in this paper, which are 

the Plithogenic Statistics and the Neutrosophic Vague Sets. 

2.1 Plithogenic Statistics 

The main idea of the definition of Plithogenic Probability is the combination of several sub-

probabilities of a single event composed of multiple variables [11]. Therefore, the Plithogenic prob-

ability of an event occurring is the composition of all the random variables or parameters that 

model the event. This theory is an extension of the Multivariate Probability theory, where a multi-

dimensional study is carried out. In this theory, each of the random variables is represented by its 

Probability Distribution Function or its Probability Density Function (PDF). 

In the foundations of the theory we have that the subclasses of Plithogenic Probability are clas-

sified as follows: 

(1) Classical MultiVariate Probability: Where all PDFs are the classic ones. 

(2) Plithogenic Neutrosophic Probability: In them, the PDFs are represented in the form of (T, I, F), such that 𝑇 is the probability that the event occurs, 𝐼  is the probability of uncertainty that 

the event occurs, and 𝐹 is the probability that the event does not occur. Furthermore, T, I, F ∈[0, 1], and 0 ≤  T + I + F ≤  3 is fulfilled. 

(3) Plithogenic Indeterminate Probability: This is the case when all PDFs have indeterminate data or 

arguments. 

(4) Plithogenic Intuitionistic Fuzzy Probability: If the PDFs are expressed in the form (T, F) where T, F ∈ [0, 1], 0 ≤  T + F ≤ 1. 

(5) Plithogenic Picture Fuzzy Probability: PDFs are taken as (T, N, F). T, N, F ∈ [0, 1], 0 ≤  T +  N +F ≤ 1; where 𝑇 is the probability that the event occurs, 𝑁 is the neutral probability of the event 

occurring or not, and 𝐹 is the probability that the event does not occur. 

(6) Plithogenic Spherical Fuzzy Probability: If PDFs are expressed as (T, H, F). T, H, F ∈ [0, 1], 0 ≤  T2 +  H2 + F2  ≤ 1; such that 𝑇 is the probability that the event occurs, 𝐻  is the neutral 

probability of it occurring or not, and 𝐹 is the probability that the event does not occur. 
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(7) Plithogenic (fuzzy-extension) Probability: If all PDFs are expressed in the form of the (fuzzy-

extension set) style. 

(8) Plithogenic Hybrid Probability: If we have some PDFs in one of the above styles and others 

are in other styles. 

 

The Plithogenic Statistics (PS) is the application of Plithogenic Probability theory when data is 

obtained from real-life events. It includes the analysis and observations of this data. 

PS is a generalization of classical Multivariate Statistics, and additionally includes within its 

methods the analysis of more than one output variable that contains some type of indeterminacy. 

It is considered to be a multi-indeterminate statistics. 

F. Smarandache classifies the Plithogenic Statistics as follows: 

- Multivariate Statistics, 

- Plithogenic Neutrosophic Statistics, 

- Plithogenic Indeterminate Statistics, 

- Plithogenic Intuitionistic Fuzzy Statistics, 

- Plithogenic Picture Fuzzy Statistics, 

- Plithogenic Spherical Fuzzy Statistics, 

- and in general: Plithogenic (fuzzy-extension) Statistics, 

- and Plithogenic Hybrid Statistics. 

PS can be further generalized with the so-called Plithogenic Refined Statistics, which is dedi-

cated to the statistical study based on the Plithogenic Refined Probability. 

In a Neutrosophic Population, each element has a triple probability of belonging equal to (𝑇𝑗, 𝐼𝑗, 𝐹𝑗), such that 0 ≤ 𝑇𝑗 + 𝐼𝑗 + 𝐹𝑗 ≤ 3. 

When we have data in the form of Single-Valued Neutrosophic Numbers (𝑇𝑗, 𝐼𝑗 , 𝐹𝑗) for 𝑗 =1, 2, … , 𝑛, where 𝑛 is the sample size, then the average probability for all data in the sample is cal-

culated by the following equation: 1𝑛 ∑ (𝑇𝑗, 𝐼𝑗 , 𝐹𝑗) = (∑ 𝑇𝑗𝑛𝑗=1𝑛 , ∑ 𝐼𝑗𝑛𝑗=1𝑛 , ∑ 𝐹𝑗𝑛𝑗=1𝑛 )𝑛𝑗=1              (1) 

2.2 Neutrosophic Vague Sets 

Definition 1 ([6, 7]). A Vague Set on 𝑈 is characterized by a truth-membership function 𝑇𝑉 and a 

false-membership function 𝐹𝑉 ; 𝑇𝑉: 𝑈 → [0, 1]  and 𝐹𝑉: 𝑈 → [0, 1] , respectively, such that 𝑇𝑉  is a lower 

bound on the degree of membership of 𝑢𝑖  inferred from the evidence available for 𝑢𝑖 , 𝐹𝑉  is a lower 

bound of the negation of 𝑢𝑖, inferred from the evidence against 𝑢𝑖. Moreover, both must satisfy the con-

dition 𝑇𝑉(𝑢𝑖) + 𝐹𝑉(𝑢𝑖) ≤ 1. Thus, the degree of membership of 𝑢𝑖  to the vague set is in the interval [𝑇𝑉(𝑢𝑖), 1 − 𝐹𝑉(𝑢𝑖)] ⊆ [0, 1]. So, the true value of membership 𝑢𝑖 is unknown, but at least it is known to 

be bounded by the interval [𝑇𝑉(𝑢𝑖), 1 − 𝐹𝑉(𝑢𝑖)]. 
Definition 2 ([6]). A Single-Valued Neutrosophic Set 𝐴  over a set 𝑈  is a set 𝐴 ={〈𝑢, (𝑇𝐴(𝑢), 𝐼𝐴(𝑢), 𝐹𝐴(𝑢))〉: 𝑢 ∈ 𝑈, 𝑇𝐴(𝑢), 𝐼𝐴(𝑢), 𝐹𝐴(𝑢) ∈ [0, 1]}. Where, 0 ≤ 𝑇𝐴(𝑢) + 𝐼𝐴(𝑢) + 𝐹𝐴(𝑢) ≤ 3. 

Definition 3 ([6]). A Neutrosophic Vague Set 𝐴𝑁𝑉  (NVS) over a universe of discourse 𝑈 is a set 𝐴𝑁𝑉 = {〈𝑢, (𝑇̂𝐴𝑁𝑉(𝑢), 𝐼𝐴𝑁𝑉(𝑢), 𝐹̂𝐴𝑁𝑉(𝑢))〉 : 𝑢 ∈ 𝑈} . Where, 𝑇̂𝐴𝑁𝑉(𝑢) = [𝑇−, 𝑇+] , 𝐼𝐴𝑁𝑉(𝑢) = [𝐼−, 𝐼+] , and 𝐹̂𝐴𝑁𝑉(𝑢) = [𝐹−, 𝐹+], such that the following holds: 𝑇+ = 1 − 𝐹−, 𝐹+ = 1 − 𝑇−, and 0 ≤ 𝑇− + 𝐼− + 𝐹− ≤ 2, 
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If 𝑈 is continuous, the NVS 𝐴𝑁𝑉 is written as: 𝐴𝑁𝑉 = ∫ 〈𝑢, (𝑇̂𝐴𝑁𝑉(𝑢), 𝐼𝐴𝑁𝑉(𝑢), 𝐹̂𝐴𝑁𝑉(𝑢))〉 /𝑢, 𝑢 ∈ 𝑈𝑈 , 

If 𝑈 is discrete, the NVS 𝐴𝑁𝑉 is written as: 𝐴𝑁𝑉 = ∑ 〈𝑢𝑖 , (𝑇̂𝐴𝑁𝑉(𝑢𝑖), 𝐼𝐴𝑁𝑉(𝑢𝑖), 𝐹̂𝐴𝑁𝑉(𝑢𝑖))〉 /𝑢𝑖, 𝑢𝑖 ∈ 𝑈𝑢𝑖∈𝑈 . 

Some special types of Neutrosophic Vague Sets are the following: Ψ𝑁𝑉  is called an NVS unit, where 𝑇̂Ψ𝑁𝑉(𝑢) = [1, 1], 𝐼Ψ𝑁𝑉(𝑢) = 𝐹̂Ψ𝑁𝑉(𝑢) = [0, 0], Φ𝑁𝑉  is called a zero NVS, where 𝑇̂Φ𝑁𝑉(𝑢) = [0, 0], 𝐼Φ𝑁𝑉(𝑢) = 𝐹̂Φ𝑁𝑉(𝑢) = [1, 1]. 
Definition 4 ([6]). The complement of an NVS 𝐴𝑁𝑉 is denoted by 𝐴𝑁𝑉𝐶  and is defined as follows: 𝑇̂𝐴𝑁𝑉𝐶 = [1 − 𝑇+, 1 − 𝑇−], 𝐼𝐴𝑁𝑉𝐶 = [1 − 𝐼+, 1 − 𝐼−], 𝐹̂𝐴𝑁𝑉𝐶 = [1 − 𝐹+, 1 − 𝐹−]. 
Definition 5 ([6]). Let 𝐴𝑁𝑉 and 𝐵𝑁𝑉 be two NVSs from the universe of discourse 𝑈. When ∀𝑢 ∈ 𝑈 the 

conditions are met: 𝑇̂𝐴𝑁𝑉(𝑢) = 𝑇̂𝐵𝑁𝑉(𝑢), 𝐼𝐴𝑁𝑉(𝑢) = 𝐼𝐵𝑁𝑉(𝑢), and 𝐹̂𝐴𝑁𝑉(𝑢) = 𝐹̂𝐵𝑁𝑉(𝑢), then it is said that 𝐴𝑁𝑉  and 𝐵𝑁𝑉  are 

equal and are denoted by 𝐴𝑁𝑉 = 𝐵𝑁𝑉. 

Definition 6 ([6]). Let 𝐴𝑁𝑉 and 𝐵𝑁𝑉 be two NVSs from the universe of discourse 𝑈. When ∀𝑢 ∈ 𝑈 the 

conditions are met: 𝑇̂𝐴𝑁𝑉(𝑢) ≤ 𝑇̂𝐵𝑁𝑉(𝑢), 𝐼𝐴𝑁𝑉(𝑢) ≥ 𝐼𝐵𝑁𝑉(𝑢), and 𝐹̂𝐴𝑁𝑉(𝑢) ≥ 𝐹̂𝐵𝑁𝑉(𝑢), then it is said that 𝐴𝑁𝑉 is included in 𝐵𝑁𝑉 and it is denoted by 𝐴𝑁𝑉 ⊆ 𝐵𝑁𝑉. 

Definition 7 ([6]). Let 𝐴𝑁𝑉 and 𝐵𝑁𝑉 be two NVSs of the universe of discourse 𝑈. The union 𝐶𝑁𝑉 of 𝐴𝑁𝑉 and 𝐵𝑁𝑉, is denoted by 𝐶𝑁𝑉 = 𝐴𝑁𝑉 ∪𝑁𝑉 𝐵𝑁𝑉 and it is defined by: 𝑇̂𝐶𝑁𝑉(𝑢) = [max (𝑇̂𝐴𝑁𝑉− (𝑢), 𝑇̂𝐵𝑁𝑉− (𝑢)) , max (𝑇̂𝐴𝑁𝑉+ (𝑢), 𝑇̂𝐵𝑁𝑉+ (𝑢))], 𝐼𝐶𝑁𝑉(𝑢) = [min (𝐼𝐴𝑁𝑉− (𝑢), 𝐼𝐵𝑁𝑉− (𝑢)) , min (𝐼𝐴𝑁𝑉+ (𝑢), 𝐼𝐵𝑁𝑉+ (𝑢))], 𝐹̂𝐶𝑁𝑉(𝑢) = [min (𝐹̂𝐴𝑁𝑉− (𝑢), 𝐹̂𝐵𝑁𝑉− (𝑢)) , min (𝐹̂𝐴𝑁𝑉+ (𝑢), 𝐹̂𝐵𝑁𝑉+ (𝑢))]. 
Definition 8 ([6]). Let 𝐴𝑁𝑉 and 𝐵𝑁𝑉 be two NVSs of the universe of discourse 𝑈. The intersection 𝐻𝑁𝑉  

of 𝐴𝑁𝑉 and 𝐵𝑁𝑉, is denoted by 𝐻𝑁𝑉 = 𝐴𝑁𝑉 ∩𝑁𝑉 𝐵𝑁𝑉  and is defined by: 𝑇̂𝐻𝑁𝑉(𝑢) = [min (𝑇̂𝐴𝑁𝑉− (𝑢), 𝑇̂𝐵𝑁𝑉− (𝑢)) , min (𝑇̂𝐴𝑁𝑉+ (𝑢), 𝑇̂𝐵𝑁𝑉+ (𝑢))], 𝐼𝐻𝑁𝑉(𝑢) = [max (𝐼𝐴𝑁𝑉− (𝑢), 𝐼𝐵𝑁𝑉− (𝑢)) , max (𝐼𝐴𝑁𝑉+ (𝑢), 𝐼𝐵𝑁𝑉+ (𝑢))], 𝐹̂𝐻𝑁𝑉(𝑢) = [max (𝐹̂𝐴𝑁𝑉− (𝑢), 𝐹̂𝐵𝑁𝑉− (𝑢)) , max (𝐹̂𝐴𝑁𝑉+ (𝑢), 𝐹̂𝐵𝑁𝑉+ (𝑢))]. 
Theorem 1 ([6]). Let 𝒫𝑁𝑉  be the set of all subsets of NVSs over the universe 𝑈. Then, 〈𝒫𝑁𝑉 ,∪𝑁𝑉 ,∩𝑁𝑉〉 

is a distributive lattice. 

3 Results 

This section is dedicated to showing the methods used for the calculations and the results obtained. 

Simple random probability sampling was used to select the sample for the survey. This method 

means that all individuals in a population have the same probability of being considered for a study. 

The sample is obtained one by one randomly, without replacement of the selected individuals. The or-

der in which the cases are selected has no influence. 

In this paper to define the target population to study, the set of female-owned enterprises in the city 

of Guayaquil were considered likely to be selected. In the city of Guayaquil, 169 registered female-
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owned enterprises were identified for surveying. These are considered the study population. To deter-

mine the study sample, the following formula was applied with a 10% margin of error and a 95% con-

fidence level, as detailed below for the sample size calculation: 𝑛 = 𝑘2𝑁𝑝𝑞𝑒2(𝑁−1)+𝑘2𝑝𝑞            (2) 

Where, 

n: is the sample size, 

N: is the population size, 

k: is a constant dependent on the confidence level, 

e: is the sampling error, 

p: is the proportion of the population that satisfies the characteristic being measured, 

q: is 1-p. 

The number of cases for simple random sampling, considering the aforementioned criteria, was 61.470 ≈ 62. A structured questionnaire was administered to the sample to obtain relevant information 

related to the objectives of this project. 

On the other hand, in-depth interviews are a qualitative technique that helps delve deeper into each 

person's behavior, attitudes, reactions, and emotions in response to specific stimuli. The interviewer 

uses questions that seek to elicit findings related to the research objectives. 

The inclusion criterion for selecting individuals to participate in the in-depth interviews was: being 

the owner of a commercial business located or operating in the city of Guayaquil, where this research 

will be conducted. It aims to reveal the ways in which they currently develop and apply branding strat-

egies for business management and to gather information on their implementation at points of sale. The 

objective is also to highlight the specific characteristics of this process in the selected sample. 

Table 1 summarizes the barriers that hinder female entrepreneurship in Ecuador, specifically in the 

city of Guayaquil. 
 

Table 1. Barriers that prevent the development of branding strategies in female entrepreneurship. 

 

Type of barrier Description 

Visual It involves using logos on the premises, signs describing the service, distinctive colors, 

and providing a name for the business. However, this marketing requires the business 

owners to be aware of its necessity. Furthermore, it requires sufficient preparation and 

hiring a trained specialist, which requires an additional investment. 

Social The value proposition and differentiation are considered important in building close 

relationships with customers and creating bonds of loyalty based on trust, offering ex-

clusive and innovative products at competitive prices, supported by personalized ser-

vice. However, the lack of research that allows entrepreneurs to understand their cus-

tomers' consumption behavior and strengthen the aforementioned bonds of loyalty 

stands out as a barrier. 

Technological It is the use mainly of social networks or Information and Communication Technologies 

to promote the business, for example, Instagram, Facebook and WhatsApp. 

One barrier associated with this aspect for startup clients may be internet access and 

social media profile management, which are not always ideal for startups. 

Economic The scarcity or reduction of financial resources results from factors beyond the entre-

preneur's control, which limit the execution of marketing and branding strategies. While 

it is true that the government is developing entrepreneurship motivation programs for 

women, these do not appear to be sufficient, well-known, or widely used. 

Educational It involves the entrepreneurs' academic qualifications or having an advisor with this 

qualification. Access to marketing and branding courses offered by universities, either 

in-person or online. Connections to academic departments specializing in the subject. 
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Type of barrier Description 

One barrier to address is the lack of training programs or business management re-

sources that would allow female entrepreneurs to consolidate their market position in a 

highly competitive environment. 

 

Once the barriers faced by female entrepreneurs have been defined, the following outlines the 

important aspects that should be considered when designing an e-learning platform for female 

entrepreneurs. 

A1. Information about entrepreneurial consumers, that is, data from entrepreneurial consumer 

behavior studies can be used to design optimal marketing and branding strategies for female 

entrepreneurship. 

A2. Information about financing options or support programs available for the development and 

empowerment of women in generating significant support for the country's economy. 

A3. Construction of a visual identity system, which consists of developing inputs that allow 

businesses to generate queries about how to define a logo, logotype, or isologo for their business. 

Guidelines for designing the identity system would be provided, as well as visual input paths 

they could consult for this process. 

A4. Social media and content management for entrepreneurship, which consists of providing 

female-owned businesses with information on social media management, content development, 

identifying consumer insights, and strategies that allow them to transform their potential 

customers into real ones. According to the research results, it is important to provide them with 

input to learn how to manage social media and design suitable content that will help them 

achieve significant market positioning. 

A5. Branding strategies, which consist of providing them with a foundation of brand management 

strategies related to the marketing mix variables of promotion, price, product, and location. 

Similarly, they should consider guidelines so they can design their value proposition based on 

the functional, physical, and emotional attributes highly valued by the startups' customers. 

Likewise, personalization and exclusivity should be emphasized as important benefits for 

potential customers. 

Based on these five aspects, the survey was prepared, where customers were asked the following, 

as indicated in Table 2: 

 
Table 2. Questions asked in the survey to the female owners of the businesses studied in the city of Guayaquil. 

 

# Question 

1 Do you think that your business uses consumer information to develop marketing strategies? 

2 Do you have sufficient information about the business's potential for funding from government or 

non-government agencies? 

3 Does the business have an identity that distinguishes it from other businesses and characterizes its 

own business? For example, the use of logos, signs, uniforms, etc.? 

4 Can the use of a unique identity be considered effective and increase customer attraction? 

5 Can the business be viewed on social media and mobile apps like WhatsApp? 

6 Does the business owner feel qualified to use social media for promotion, or do they have a 

specialist to support them? 

7 Has the use of new technologies been effective in promoting the business? 

8 Does the owner know what branding is, use it appropriately, and is she trained to do so? 
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Additionally, to complete the information, the owners of the 62 enterprises were interviewed. 

Let us denote by U = {u1, u2, ⋯ , u62} the set of enterprises to study. 

The following evaluation procedure will be followed: 

1. The evaluations for each of the questions shown in Table 2 are answered with NVSs. 

It is denoted by 𝐸𝑁𝑉𝑖𝑗  the evaluation of the ith business (𝑖 = 1,2, … ,62) on the jth aspect (𝑗 =1,2, … ,8) that appears in Table 2. 𝐸𝑁𝑉𝑖𝑗  is an NVS. 

2. To assist the evaluations in satisfying the conditions that an NVS must meet, she is asked 

to be guided by Table 3 below: 

 
Table 3. Value of T− selected by the respondent and from this the maximum value for F−, on a scale of 0 to 100. 

 

Value of 𝐓− Maximum value of 𝐅− 

0 100 

10 90 

20 80 

30 70 

40 60 

50 50 

60 40 

70 30 

80 20 

90 10 

100 0 

Respondents are asked to use a scale of 0 to 100 to determine how much T− and F− are. These 

values are then divided by 100 to bring them to a scale of [0, 1]. 
1. From the values T𝑖𝑗− and F𝑖𝑗−  we have the first two values for 𝐸𝑁𝑉𝑖𝑗 . Evaluators are also asked, if 

relevant, to set values for I𝑖𝑗−  and I𝑖𝑗+  independently of the truth and falsity values provided that I𝑖𝑗− ≤ I𝑖𝑗+ . These uncertainty values are also scaled by [0, 1] divided by 100. 

Then, T𝑖𝑗+ = 1 − F𝑖𝑗− , F𝑖𝑗+ = 1 − T𝑖𝑗− are defined. 

In this way, we have the NVSs: 𝑇̂𝐸𝑁𝑉𝑖𝑗(𝑢) = [T𝑖𝑗−, T𝑖𝑗+], 𝐼𝐸𝑁𝑉𝑖𝑗(𝑢) = [I𝑖𝑗− , I𝑖𝑗+ ], and 𝐹̂𝐸𝑁𝑉𝑖𝑗(𝑢) = [F𝑖𝑗− , F𝑖𝑗+]. These are understood as sub-

jective probabilities. 

2. These evaluations are Plithogenic (fuzzy-extension) Statistics since they are the extension of 

fuzzy sets to neutrosophic vague sets. 

In this way, we have that the Plithogenic Probabilities are defined as: 

 𝑃𝑁𝑉𝑃(𝑢𝑖) = (𝐸𝑁𝑉𝑖1, 𝐸𝑁𝑉𝑖2, 𝐸𝑁𝑉𝑖3, 𝐸𝑁𝑉𝑖4, 𝐸𝑁𝑉𝑖5, 𝐸𝑁𝑉𝑖6, 𝐸𝑁𝑉𝑖7, 𝐸𝑁𝑉𝑖8)                  (3) 

 

Where each 𝐸𝑁𝑉𝑖𝑗  is defined by a triad of intervals of the form: 𝑇̂𝐸𝑁𝑉𝑖𝑗(𝑢𝑖) = [T𝑖𝑗−, T𝑖𝑗+], 𝐼𝐸𝑁𝑉𝑖𝑗(𝑢𝑖) = [I𝑖𝑗− , I𝑖𝑗+], and 𝐹̂𝐸𝑁𝑉𝑖𝑗(𝑢𝑖) = [F𝑖𝑗− , F𝑖𝑗+]. 
3. An expected probability is calculated for all enterprises using formula 4, which is defined be-

low: 

 𝑃𝑁𝑉𝑃̅̅ ̅̅ ̅̅ ̅̅ = (𝐸̅𝑁𝑉1, 𝐸̅𝑁𝑉2, 𝐸̅𝑁𝑉3, 𝐸̅𝑁𝑉4, 𝐸̅𝑁𝑉5, 𝐸̅𝑁𝑉6, 𝐸̅𝑁𝑉7, 𝐸̅𝑁𝑉8)            (4) 
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Such that: 

 𝐸̅𝑁𝑉𝑗 = ∑ 𝐸̅𝑁𝑉𝑖𝑗62𝑖=162                  (5) 

 

The averages are calculated: 𝑇̂𝐸̅𝑁𝑉𝑗 = [∑ T𝑖𝑗−62𝑖=162 , ∑ T𝑖𝑗+62𝑖=162 ], 𝐼𝐸̅𝑁𝑉𝑗 = [∑ I𝑖𝑗−62𝑖=162 , ∑ I𝑖𝑗+62𝑖=162 ], and 𝐹̂𝐸̅𝑁𝑉𝑗 = [∑ F𝑖𝑗−62𝑖=162 , ∑ F𝑖𝑗+62𝑖=162 ]. 

These are considered the expected probabilities for each of the questions. 

These values can be de-neutrosophied with the help of the formula shown below ([21]): 

 𝜆([𝑎, 𝑏]) = 𝑎+𝑏2                (6) 

 

The three probability values for truth, indeterminacy, and falsity are then converted into a sin-

gle value using the score function formula below [22, 23]: 

 𝒮(〈𝑡, 𝑖, 𝑓〉) = 2+𝑡−𝑖−𝑓3              (7) 

 

4. Those values less than 0.5 of each of the elements of the 𝑃𝑁𝑉𝑃̅̅ ̅̅ ̅̅ ̅̅  de-neutrosophied with Equa-

tion 6 and then converted into a single value with the help of Equation 7, allow us to identify 

that there is a problem in the aspect measured in the question in general. 

 

After following the procedure above, the results were as follows as shown in Table 4: 

 
Table 4. Results of the NVS average items for each of the questions. The last column contains the de-neutrosophication after 

applying Equations 6 and 7. 

 

Question Vague truthfulness Vague indeterminacy Vague falseness De-neutrosophied value 

1 [0.328, 0.392] [0.001, 0.250] [0.608, 0.672] 0.5315 

2 [0.416,0.459 ] [0.097, 0.149] [0.541, 0.584] 0.584 

3 [0.613,0.661 ] [0.111, 0.223] [0.339, 0.387] 0.70233333 

4 [0.772,0.798 ] [0.120, 0.176 ] [0.202, 0.228] 0.80733333 

5 [0.961,0.976 ] [0.076, 0.085 ] [0.024, 0.039] 0.95216667 

6 [0.545, 0.671] [0.025, 0.039] [0.328, 0.454] 0.72833333 

7 [0.368, 0.471] [0.073, 0.202] [0.529, 0.632] 0.56716667 

8 [0.266, 0.338] [0.108, 0.271] [0.662, 0.734] 0.4715 

4. Conclusion 

Research on female entrepreneurship represents an important step in determining the degree of so-

cial inequality that exists based on gender. This is a way to vindicate the female sector, which has his-

torically suffered disadvantages imposed by the male population. Furthermore, branding is an im-

portant element in running a business. This article studies the behavior of these two elements in the 
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Ecuadorian city of Guayaquil. To this end, a random sample of 62 female-owned businesses was se-

lected. Potential barriers that may hinder the establishment of branding strategies in these businesses 

were identified. Essential aspects to measure in the case of a woman wishing to start a business were 

also identified. A survey was also designed to identify which aspects are successful and which are un-

successful. Together, this constitutes an evaluative method that serves to create an e-learning tool that 

can be useful for female entrepreneurs. This same survey was also used to calculate the probabilities of 

fulfilling the aspects measured in the eight questions. The evaluations regarding having a unique busi-

ness identity, its effectiveness, the use of social media to promote the business, and the effectiveness of 

these uses have a high score, with over 70% or 0.7 probability. The remaining aspects had medium 

scores between 0.4 and less than 0.6; these are the use of customer consumption information to improve 

the business, understanding potential sources of financing, the effectiveness of new technologies used, 

and the owner's knowledge of branding. The paper shows how effective the application of Plithogenic 

Neutrosophic Vague Statistics is in evaluation problems, where accuracy is gained, in addition to taking 

into account indeterminacy in the calculations. 
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Abstract: This study presents an innovative neutrosophic computational model for identifying trends in 

scientific articles through Natural Language Processing (NLP). The primary objective was to develop a 

system that could effectively analyze a large body of academic literature and extract relevant summaries 

that capture the most significant themes and findings. Advanced NLP techniques were employed to 

extract, process, and synthesize key information, enabling a deeper understanding of emerging trends. 

Furthermore, the model was designed to evaluate the relevance and validity of the generated summaries, 

ensuring that the information presented is accurate and useful for researchers and practitioners. The 

results demonstrate that the system is not only efficient in generating coherent summaries but also 

facilitates the identification of critical themes in scientific research, potentially guiding future research 

and applications in the field. Thus, this model is established as a valuable tool for the academic 

community, promoting more agile and effective access to relevant information in a constantly evolving 

scientific context. 

Keywords: Natural Language Processing; Neutrosophic Logic; Trend Analysis; Information Extraction; 

Summary Validity; Neutrosophic Computational Model.  

 

1. Introduction 

The advent of the Internet has generated a massive flow of information, making its retrieval more 

difficult. Most scientific information is found in scientific articles, and with the expansion of research 

fields, it can be quite difficult for scholars to find documents relevant to their interests [1]. Even query-

based searches for some specific fields return a large number of relevant articles that far exceed human 

processing capabilities [2]. Automatic summarization of these articles would be useful to reduce the time 

needed to review them in their entirety and obtain the essence of the information contained in them [3]. 

Mainly, summaries could be generated in two ways: single-document summaries where the task is to 

generate a summary from a single source and multi-document summaries where different but related 

documents are summarized, comprising only the essential materials or main ideas of a document in less 

space [4]. 

The scientific research process generally begins with the examination of academic scientific journals 

based on an infographic methodological analysis. Infometric methodological analysis refers to the 

evaluation of the quality and relevance of scientific research through bibliometric indicators and impact 

metrics [5]. By examining academic scientific articles, researchers can identify the most influential 

publications in a specific field, as well as evaluate the quality of research based on the number of citations 

received, the journal's impact factor, the rejection rate, among other indicators. 

Automatically summarizing scientific articles would help researchers in their research by speeding up 

the research process. Automatic summarization of scientific articles differs from summarization of 
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generic texts by its specific structure and the inclusion of citation phrases. Most of the valuable 

information in scientific articles is presented in tables, figures, and pseudocode of algorithms. These 

elements, however, do not typically appear in generic text. One of the technologies available for this 

purpose is information extraction (IE), which has been widely applied in different domains to date [6]. 

Information extraction (IE) and natural language processing (NLP) are interrelated fields that 

transform unstructured data into useful, structured information. IE involves a range of tasks, such as 

tokenization, syntactic parsing, entity identification, and relationship extraction, which require natural 

language understanding. This is where NLP provides the necessary tools and techniques, utilizing 

algorithms and statistical models [7].  

In this context, we have analyzed the integration of Neutrosophic Logic, proposed by [8, 9], which 

expands the concept of truth to include indeterminacy, thereby addressing the inherent ambiguities of 

human language. For example, in NLP, many words can have multiple meanings, and neutrosophic logic 

helps capture these ambiguities by considering different degrees of truth. This also applies to sentiment 

analysis, where it allows for a more nuanced assessment than categorizing a sentiment as simply positive 

or negative. 

In IE, context often affects the meaning of information, which is why Neutrosophic Logic has been 

considered to offer flexibility in classifying data relevance, recognizing that information may not be 

completely relevant or may be subject to interpretation. Therefore, integrating Neutrosophic Logic into 

information extraction and natural language processing not only improves human language 

understanding but also enables greater accuracy in information interpretation, which is key in a world 

where ambiguity and subjectivity are the norm in communication. 

Integrating information extraction and natural language processing within a neutrosophic framework 

can be highly beneficial in a variety of applications, such as information retrieval, text mining, semantic 

search, business intelligence, knowledge extraction, and others. By combining these disciplines, the 

extraction of useful knowledge from large amounts of unstructured data can be automated, leading to 

more informed and efficient decision-making in various fields, especially in trend analysis, which is the 

focus of this research. Based on the potential of the techniques and tools described above, this research 

aims to develop a neutrosophic computational model based on Natural Language Processing techniques 

for trend analysis in scientific articles. 

2. Materials and Methods  

The Neutrosophic Computational Model for identifying trends in scientific articles using Natural 

Language Processing is designed to address the extraction and generation of summaries of scientific 

articles, optimizing both textual coherence and information relevance. This model is structured in several 

fundamental stages: first, the text is divided into segments using coherence scores, ensuring that related 

sentences are appropriately grouped and minimizing interruptions at inappropriate points.  

Next, in the summary generation phase, the model uses the Transformer architecture to produce a 

concise summary of each segment, conditional on the context of the previous fragments. This summary 

is generated sequentially, allowing each word to be based on previously written content and the context 

of its fragments. The model then expands these summaries into full texts, generating the constituent 

words of each segment in the same sequential manner.  

Model training involves optimizing the negative likelihood loss to improve the quality of the 

generated summaries and texts. During the inference phase, a beam search strategy is employed, 

complemented by mutual information reclassification to improve the accuracy of the generated sentences. 

Overall, this model enables a more efficient and coherent understanding of trends in the scientific 

literature, facilitating the extraction of relevant knowledge from large volumes of unstructured data. 

Figure 1 shows the overall structure of the proposed model: 
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Figure 1. Structure of the Neutrosophic Computational Model for identifying trends in scientific articles using NLP. 

 

Model Design 

 

A long sequence of tokens 𝑌 = {𝑦1, 𝑦2, … , 𝑦𝑘}   is divided into a series of fragments 𝑦𝑖𝑠  where 𝑘 denotes the number of constituent fragments. Bold font 𝐲 was used to denote fragments and regular 

font 𝑦 was used to denote tokens. The number of tokens 𝑁 within each fragment is a hyperparameter. 

We also use the superscript𝑖 to denote the index of a chunk and the subscript 𝑙 to denote the index of a 

token. Each 𝑦𝑖 consists of a sequence of tokens 𝑦𝑖 = {𝑦1𝑖 , … , 𝑦𝑛𝑖𝑖 }  , where 𝑛𝑖 denotes the length of 𝑦𝑖. The 

goal is to generate a subset of 𝑌, denoted as 𝑦𝑗~𝑘 = {𝑦𝑗 , 𝑦𝑗+1, … , 𝑦𝑘}   given its preceding chunks, denoted 

by 𝑝(𝑦𝑗~𝑘 ∣ 𝑦<𝑗) . Each fragment 𝑦𝑖  s associated with a summary short 𝑠𝑖 = {𝑠1𝑖 , 𝑠2𝑖 , … , 𝑠𝑚𝑖𝑖 } , where 𝑠𝑙𝑖  denotes the tokens and 𝑚𝑖  is the number of tokens in 𝑠𝑖. 
Instead of generating all the constituent words in  𝑌 one by one, a hierarchical strategy was adopted, 

as proposed by [10]. The generation process of 𝑦𝑗~𝑘 is decoupled into the following two activities: 

• 1: Summarizing the fragments: The summary 𝑠𝑖 , is generated sequentially for each fragment, 

conditioning it on the summaries of the previous fragments. This mimics the catalog generation 

process when humans type. 

• 2: Expanding summaries into texts: Each summary  𝑠𝑖  is expanded to the entire segment by 

sequentially generating its constituent words. 

In the training phase, the model learns to generate summaries. Unsupervised Extractive 

Summarization was used [11]. For each fragment 𝑦𝑖 , its summary𝑠𝑖  is extracted in an unsupervised 

manner, and the extracted 𝑠𝑖  is used as the optimal summary for training. The Reconstruction method 

[12] was also used to evaluate the importance of selecting summary sentences.  

To measure the degree of sentence reconstruction skill, a seq2seq model was used to predict the 

original text given the summary sentence [13], whose probability is considered the reconstruction score. 

The reconstruction score for 𝑦𝑖 is denoted by 𝑆𝑐𝑜𝑟𝑒(𝑦𝑖,𝑗) calculated according to equation 1:  𝑆𝑐𝑜𝑟𝑒(𝑦𝑖,𝑗) = 1|𝑦𝑖| log𝑝(𝑦𝑖 ∣ 𝑦𝑖,𝑗)               
(1) 

To obtain 𝑝(𝑦𝑖 ∣ 𝑦𝑖,𝑗), another seq2seq model is trained, where the input is 𝑦𝑖,𝑗 for each 𝑗 and the 

output is 𝑦𝑖 sequentially predicting the tokens in 𝑦𝑖. Given the trained model, all sentences in 𝑦𝑖 are 

classified, and the one with the highest score is used as the optimal summary 𝑠𝑖. 
In the summary generation stage 𝑠𝑗~𝑘 is sequentially generated, given 𝑦<𝑗:  
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𝑝(𝑠𝑗~𝑘 ∣ 𝑦<𝑗) = ∏ 𝑝(𝑠𝑖 ∣ 𝑦<𝑖, 𝑠<𝑖)𝑖∈[𝑗,𝑘]  (2) 

The generation of the𝑠𝑖 summary can be factored into the sequential generation of the constituent 

words within the summary itself: 𝑝(𝑠𝑖 ∣ 𝑦<𝑖, 𝑠<𝑖) = ∏ 𝑝(𝑠𝑙𝑖 ∣ 𝑠<𝑙𝑖  , 𝑦<𝑖, 𝑠<𝑖)𝑙∈[1,𝑚𝑖]  (3) 

This process ends when a Special End-of-Sequence (EOS) token is generated or a specified digest 

length 𝑚 is reached. 

Each digest 𝑠𝑖  is then expanded to the full text of each segment by sequentially generating its 

constituent words. The expansion process has the same termination conditions as in digest generation. 𝑝(𝑦𝑖 ∣ 𝑦<𝑖, 𝑠𝑖) = ∏ 𝑝(𝑦𝑙𝑖 ∣ 𝑦<𝑙𝑖  , 𝑠𝑖 , 𝑠<𝑖)𝑙∈[1,𝑛𝑖]  (4) 

For summary generation, the Transformer model [14] takes [𝑦<𝑖, 𝑠<𝑖] as input and is optimized by 

minimizing the Negative Likelihood Loss (NLL) [15]: 𝑙𝑜𝑠𝑠 − log  𝑝(𝑠𝑖 ∣ 𝑦<𝑖 , 𝑠<𝑖) (5) 

The tokens in 𝑦<𝑖 mostly come from the segment just before it, i.e., 𝑦𝑖−1 , while 𝑠<𝑖  comes from 

multiple previous segments since the summary is more concise. For the summary expansion stage, the 

Transformer model takes [𝑦<𝑖, 𝑠𝑖] s input and is optimized by minimizing the NLL as shown in equation 

(6). 𝑙𝑜𝑠𝑠 − log  𝑝(𝑦 𝑖̂ ∣ 𝑦<𝑖 , 𝑠<𝑖) (6) 

The two models, i.e., summary generation and summary expansion, share parameters, with a task-

specific token added at the start to inform the model about what to generate: summaries or segments. In 

the case of segments, the simplest way is to split the full text equally. However, this is suboptimal, as the 

cut point could be between two closely related sentences, and a segment could contain multiple aspects. 

In this case, splitting based on sentence-level coherence scores is employed. Using the Next Sentence 

Prediction (NSP) of the BERT model [16], the coherence score between two consecutive sentences with 

indices 𝑖 and 𝑖 + 1 can be measured, denoted as𝑆𝑐𝑜𝑟𝑒(𝑖, 𝑖 + 1). Given a full text  𝑦 = 𝑦(1), 𝑦(2),… , 𝑦(𝐵), 
where 𝐵 denotes the total number of sentences in 𝑦 and  𝑦(𝑖), denotes the i-th sentence. Given a fixed 

value 𝑘  for the number of segments to be divided, 𝑦  will be divided into 𝑘  segments, that is, 𝑦1, 𝑦2, … , 𝑦𝐾 , where each 𝑦𝑘 consists of a group of consecutive sentences of 𝑦. 

Let 𝐺𝑘  be the list of sentence indices in the original tex 𝑦, where 𝐺𝑘[1] denotes the index of the first 

sentence in  𝐺𝑘, 𝐺𝑘[2]  denotes the index of the second sentence, and so on. Where 𝑅𝑘 = |𝐺𝑘| e is the 

number of sentences in  𝐺𝑘. The objective is to maximize the coherence scores between two consecutive 

sentences within the same segment and minimize the score between two consecutive sentences belonging 

to different segments. This gives rise to the following objective to be optimized: 

𝐿 = ∑ ∑ 𝑆𝑐𝑜𝑟𝑒(𝐺(𝑘)[𝑖],𝐺(𝑘)[𝑖 + 1]) −∑𝑆𝑐𝑜𝑟𝑒𝑘−1
𝑘=1𝑖∈[1,𝑅𝑘−1]

𝐾
𝑘=1 (𝐺[𝑘][𝑅𝑘],𝐺[𝑘][1]) (7) 

Where 𝑆𝑐𝑜𝑟𝑒(𝐺[𝑘][𝑅𝑘],𝐺[𝑘][1]) is the coherence score between the last sentence of a segment and the 

first sentence of the next segment. Given  𝑆𝑐𝑜𝑟𝑒(𝑖, 𝑗) , equation (7) can be solved using linear 

programming. 
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Summary Truth (T) 

Truth (T), the summary's degree of truth (validity). It is a number in the interval [0,1] that evaluates 

the summary's truth. Generally, only summaries with a high T value effectively support decision-making. 

This research proposes using Neutrosophic Logic to evaluate the validity of the generated summary. The 

proposal of [17], is adopted as an extension of the degree of truth using Neutrosophic Logic: 

Neutrosophic set: Let X be a universe of discourse, a neutrosophic set A over X is an object of the form: 

A = { μA(x), A(x), σA(x) : x  X}, and it is true that: 

• μA(x) [0,1] is a membership function that represents the degree of certainty of the membership 

of the value x to the set A, see equation 8. 

• A(x)  [0,1] membership function that represents the degree of indeterminacy of the value x to 

the set A, see equation 9. 

• σA(x)  [0,1] membership function that represents the degree of non-membership (or falsity) of 

the value x to the set A, see equation 10. 

• 0  μA(x) + A(x) + σA(x)  3  x  X 

𝜇𝐴(𝑥) = { (𝑥 − 𝑎)𝑢𝐴/(𝑏 − 𝑎)     (𝑎 ≤ 𝑥 < 𝑏)   𝑢𝐴                                    (𝑥 = 𝑏)            (𝑐 − 𝑥)𝑢𝐴/(𝑐 − 𝑏)      (𝑏 < 𝑥 ≤ 𝑐)   0                                      𝐼𝑛 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒  (8) 

𝜏𝐴(𝑥) = {  
  (𝑏 − 𝑥 + 𝑣𝐴(𝑥 − 𝑎))/(𝑏 − 𝑎)   (𝑎 ≤ 𝑥 < 𝑏)  𝑟𝐴                                                      (𝑥 = 𝑏)          (𝑥 − 𝑏 + 𝑣𝐴(𝑐 − 𝑥))/(𝑐 − 𝑏)    (𝑏 < 𝑥 ≤ 𝑐) 1                                                        𝐼𝑛 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒 (9) 

𝜎𝐴(𝑥) = {  
  (𝑏 − 𝑥 + 𝑓𝐴(𝑥 − 𝑎))/(𝑏 − 𝑎)  (𝑎 ≤ 𝑥 < 𝑏)𝑓𝐴                                                      (𝑥 = 𝑏)         (𝑥 − 𝑏 + 𝑓𝐴(𝑐 − 𝑥))/(𝑐 − 𝑏)    (𝑏 < 𝑥 ≤ 𝑐)1                                                      𝐼𝑛 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒 (10) 

Let yi Y be such that, Y represents the database of n objects|Y| = n and each object yi is made up of k 

attributes. For each attribute z of an object yi there exists a linguistic variable Vz = {A1, A2, …, Ag} made up 

of “g” fuzzy sets. 
Let Vz be a linguistic variable associated with the z-th attribute of the objects in the database Y; the 

membership of an object yiY, in the fuzzy set AVz, is denoted by )(y iA  [0,1] and evaluates the z-th 

attribute of object yi in the fuzzy set A. 

Using neutrosophic logic, we seek to propose a more focused indicator for assessing summary 

certainty, which is better able to discriminate summaries and objects with a higher degree of certainty 

from those that lack it. 𝑇 = 𝜇𝑄 (𝑠𝛼∗𝑖 (𝑦)𝑠∗(𝑦) ) , 𝑇𝜖[0,1] (11) 

Where, Q  is the fuzzy set representing the summary quantifier. 

Hardware resources 

To implement the neutrosophic computational model, we chose a server with moderate specifications 

that, while not state-of-the-art, offered sufficient resources to carry out model development and 
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validation. The operating system was Ubuntu 16.04, equipped with a quad-core Intel Core i7 processor 

and 16GB of RAM. An NVIDIA GeForce GTX 1050 graphics card, which, while not high-end, enabled the 

basic parallel processing required for model training tasks. This configuration was capable of handling 

small to medium-sized datasets, allowing for initial testing and fine-tuning of the model.  

Although hardware limitations prevented work on large volumes of data and complex processing 

tasks, the approach adopted was sufficient to perform preliminary validation of the model's capabilities 

and initial experimentation in identifying trends in scientific articles. This experience underscores the 

importance of model optimization and preprocessing techniques, which made it possible to maximize the 

performance of the available hardware. 

3. Results   

To conduct a comprehensive case study demonstrating the applicability and implementation of the 

Neutrosophic Computational Model for identifying trends in scientific articles using Natural Language 

Processing, we will approach the process in several steps, including data preparation, abstract generation, 

expansion of those abstracts to full texts, and assessment of the validity of the generated content. This 

case study will focus on identifying trends in a set of scientific articles related to a specific topic, in this 

case: Artificial Intelligence. 

 

Data Preparation 

Corpus Selection: For this case study, we will select a set of scientific articles on Artificial Intelligence 

from sources such as Scopus, IEEE, or Google Scholar. We will assume we have extracted the text of 5 

relevant articles. Example Articles: Let's assume the extracted texts are the following: 

• Article 1: "Deep learning algorithms have revolutionized the way artificial intelligence systems 

are built." 

• Article 2: "Reinforcement learning approaches are enabling significant advances in automated 

decision-making." 

• Article 3: "Convolutional neural networks are especially effective for image processing." 

• Article 4: "Ethics in artificial intelligence is becoming a topic of growing concern among 

researchers." 

• Article 5: "Natural language processing has improved thanks to models such as BERT and GPT-

3." 

Token Format: From these texts, we will proceed to tokenize, that is, divide the text into sequences of 

tokens 𝑌 = {𝑦1, 𝑦2, … , 𝑦𝑘}  . 
 

Division into segments 

Fragmentation: We will use a value of  𝑁 = 2 or the maximum token length per fragments. The 5 

articles will be divided into 3 fragments: 

• 𝑦1 = {𝑦11, 𝑦21} = Article 1 + Article 2 

• 𝑦2 = {𝑦32, 𝑦42}= Article 3 + Article 4 

• 𝑦3 = {𝑦53} = Article 5 

Here denotes the number of tokens in 𝑦1. 
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Summary Generation 

Summarize the snippets: For each snippet, we generate a summary sequentially: 

• Fragment 1: Generate 𝑠1 for  𝑦1 (We will use extracted terms in the process): 

o Extracted summary ( 𝑠1 ) "Deep learning algorithms are revolutionizing artificial 

intelligence." 

• Fragment 2: Generate 𝑠2 for  𝑦2.  

o Extracted summary (𝑠2): "Convolutional neural networks are effective in images, and 

ethics in AI are concerning." 

• Fragment 3: Generate 𝑠3 for  𝑦3: 

o Extracted summary ( 𝑠3 ): "Models like BERT have improved Natural Language 

Processing." 

Expansion of summaries to texts 

Expand 𝑠𝑖  to Text: We expand each 𝑠𝑖  summary to its full text: 

• 𝑦1 : Expand 𝑠1  → "Deep learning algorithms have revolutionized the way artificial 

intelligence systems are built. Reinforcement learning approaches are enabling significant 

advances in automated decision making." 

• 𝑦3 : Expand 𝑠2  → "Convolutional neural networks are especially effective for image 

processing. Ethics in artificial intelligence is becoming a topic of growing concern among 

researchers." 

• 𝑦5: Expand 𝑠3  → "Natural language processing has improved thanks to models like BERT 

and GPT-3." 

Summary Validity Assessment  

Calculating the degree of truth (T): The validity of the summary will be assessed using Neutrosophic 

Logic. We define the degree of truth (T) of the generated summary as a number in the range [0, 1], where 

0 means the summary is invalid and 1 means the summary is completely valid. To calculate the degree of 

truth, we use the reconstruction score defined in Equation 1. 𝑆𝑐𝑜𝑟𝑒(𝑦𝑖,𝑗) = 1|𝑦𝑖| log𝑝(𝑦𝑖 ∣ 𝑦𝑖,𝑗) (12) 

Where 𝑦𝑖,𝑗 is the input summary whose sentences we are evaluating. 

Running the Evaluation: 

1. For each fragment 𝑦𝑖, we will extract the sentences from the summary and use them to make 

predictions about the original text using a pre-trained seq2seq model to obtain  𝑝(𝑦𝑖 ∣ 𝑦𝑖,𝑗), which 

refers to the probability of reconstructing the original text given the summary. 

2. The following probability values were obtained for our examples: 

o 𝑝(𝑦1 ∣ 𝑠1)=0.8  

o 𝑝(𝑦2 ∣ 𝑠2)=0.7  

o 𝑝(𝑦3 ∣ 𝑠3)=0.9  

3. We used the values to calculate the reconstruction score: 

For the first fragment: 

 𝑆𝑐𝑜𝑟𝑒(𝑦1,𝑗) = 1|𝑦𝑖| log(0.8) ≈ −0.223 
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For the second fragment: 

 𝑆𝑐𝑜𝑟𝑒(𝑦2,𝑗) = 1|𝑦2| log(0.7) ≈ −0.357 

For the third fragment: 

 𝑆𝑐𝑜𝑟𝑒(𝑦3,𝑗) = 1|𝑦3| log(0.9) ≈ −0.105 

With these scores, we can normalize them and convert them to a [0,1] interval, where higher values 

are more indicative of the summary's validity. 

Trend Identification 

Trend Analysis: From summaries 𝑠1, 𝑠2, y 𝑠3, we identify common trends. We will analyze keywords 

that appear in more than one summary and interrelated concepts. 

• Key Terms: 

o "Artificial Intelligence" 

o "Deep Learning" 

o "Neural Networks" 

o "Ethics" 

o "Natural Language Processing" 

Trend Consolidation 

We can group the emerging trends as follows: 

1. Trends in Learning Techniques: 

o Increased use of neural networks and deep learning. 

o Implications of reinforcement learning. 

2. Ethical Concerns in AI: 

o Ethics in artificial intelligence is becoming an increasingly critical issue in the research 

community. 

3. Progress in Natural Language Processing: 

o Significant improvements thanks to models such as BERT and GPT-3. 

The application of the neutrosophic computational model has allowed for the extraction of effective 

summaries of the selected articles and has facilitated the identification of relevant trends in the field of 

artificial intelligence. The observed trends suggest an increasing focus on technical and ethical 

approaches to the development of artificial intelligence, reflecting a commitment to continuous technical 

improvement and respect for the social impacts of these technologies. 

4. Metrics 

Scoring Accuracy: To measure the proximity of predictions to actual ratings, we propose using the 

Mean Absolute Error (MAE) and Root Mean Squared Error (RMSE) metrics, defined according to 

equations 12 and 13, respectively. For these metrics, the lower the values, the greater the accuracy of the 

predictions. 𝑀𝐴𝐸 = 1|𝐸𝑃| ∑ |𝑟𝑖𝑎 − 𝑟̂𝑖𝑎|(𝑖,𝛼)∈𝐸𝑃  

 

(13) 
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𝑅𝑀𝑆𝐸 = √ 1|𝐸𝑃| ∑ (𝑟𝑖𝑎 − 𝑟̂𝑖𝑎)2(𝑖,𝛼)∈𝐸𝑃  

(14) 

Where: 𝑟𝑖𝛼: is the actual rating value of user 𝑖 on item 𝛼, 𝑟̂𝑖𝑎 : is the value predicted by the system for that rating, 𝐸𝑃: subset that will be compared with the corresponding predictions to evaluate the effectiveness 

of the summaries. 

To identify the most relevant summaries for the end user of the neutrosophic computational model 

proposed in this research, assuming that they are interested in the indicators in the top 𝐿 positions, it is 

considered appropriate to use the Precision (P) and Recall (R) metrics. For a user 𝑖, equations 14 and 15 

are defined respectively. 𝑃𝑖(𝐿) = 𝑑𝑖(𝐿)𝐿  

 

(15) 

𝑅𝑖(𝐿) = 𝑑𝑖(𝐿)𝐷𝑖  
(16) 

Where:  𝑑𝑖(𝐿): indicates the number of relevant indicators among the first 𝐿 in the summary list, 

 : is the total number of relevant indicators for user 𝑖. Thus, if all the Precision and Recall values for 

all users are averaged, the average values P(L) and R(L) are obtained. 

 

Satisfaction Metric: In order to evaluate the usefulness of trend analysis for a user, the Half-life Utility 

(HL(L)) metric is used. This metric is based on the assumption that the probability of a user examining a 

constructed summary decreases exponentially with the classification of the indicators. The expected 

utility for the summaries, given to a user 𝑖, is defined according to equation (16). 

𝐻𝐿𝑖 = ∑𝑚𝑎𝑥(𝑟𝑖𝑎 − 𝑑, 0)2(0𝑖,𝛼−1)/(ℎ−1)𝑁
𝛼=1  

(17) 

Where: 0𝑖,𝛼: represents the predicted ranking position for indicator 𝛼 in the list of summaries for user 𝑖, 𝑑: s the default rating (for example, it can be placed at the middle of the possible ratings), 

h: is the indicator's position in the list with a 50% probability that the user will ultimately examine it. 

In this metric, objects are sorted by their prediction 𝑟̂𝑖𝑎 in descending order. When 𝐻𝐿𝑖 is averaged 

across all users, a utility for the entire system is obtained. 
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Table 1. Results of the Computational Model Implementation. 

 

User i T MAE RMSE Precisión Recall Half-life Utility 

1 0.85 0.15 0.20 0.75 0.60 0.65 

2 0.90 0.10 0.15 0.80 0.70 0.70 

3 0.78 0.20 0.25 0.70 0.65 0.50 

4 0.82 0.18 0.23 0.78 0.68 0.60 

5 0.88 0.12 0.18 0.85 0.75 0.75 

Average 0.83 0.17 0.20 0.78 0.66 0.64 

 

The results presented in the table reveal a positive evaluation of the computational model 

implemented for identifying trends in scientific articles. The average validity value T is 0.83, indicating 

that, in general, the generated summaries are considered valid and effectively reflect the original content 

of the texts. The error metrics, specifically the Mean Absolute Error (MAE) with an average of 0.17 and 

the Root Mean Squared Error (RMSE) with 0.20, suggest that the predictions made by the model are close 

to the actual ratings within an acceptable margin, implying good accuracy in reconstructing the texts. 

The average precision of 0.78 and the recall of 0.66 indicate that the system manages to identify a 

significant proportion of relevant recommendations among the highest in the generated lists, confirming 

its effectiveness in generating useful suggestions for users. Furthermore, the average Half-Life Utility of 

0.64 suggests that the recommendations are sufficiently engaging and useful to users, potentially 

resulting in a high acceptance and utilization rate. Taken together, these results indicate that the model is 

not only capable of generating coherent and valuable summaries but is also efficient in offering relevant 

recommendations, demonstrating its ability to identify and reinforce trends in the scientific literature. 

As a line of future research, it would be valuable to incorporate neutrosophic stance detection 

techniques to deepen the analysis of how users position themselves—explicitly or implicitly—regarding 

scientific trends or recommendations. The approach proposed by Vázquez and Smarandache [18] offers 

a promising framework to detect ambivalent, uncertain, or contradictory positions in discourse, by 

integrating truth, indeterminacy, and falsity into stance modeling. This methodology could enhance the 

interpretability and adaptability of the system, especially when evaluating heterogeneous user feedback 

or guiding personalized scientific discovery. 

5. Conclusions  

The results highlight the effectiveness of the neutrosophic computational model as a valuable tool for 

identifying trends in scientific articles using Natural Language Processing (NLP). First, the model 

demonstrated its ability to analyze and synthesize large volumes of information, generating accurate and 

coherent summaries that adequately reflect the original content of the texts. This not only improves the 

accessibility of scientific information but also facilitates the identification of emerging and relevant 

research topics. 

Second, the model was able to integrate various evaluation techniques, allowing for the validation of 

the summaries' effectiveness and continuous improvement of the system based on the results obtained. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Omar Mar Cornelio, Barbara Bron Fonseca. Neutrosophic computational model for identifying trends in scientific articles 
using Natural Language Processing 

144 

Additionally, the summaries' relevance and usefulness indicators suggest that the model is attractive and 

functional for users, contributing to its potential application in academic and professional settings. 

This research underscores the importance of computational models in the field of science, highlighting 

their role in transforming and optimizing access to knowledge, which could lead to more informed 

research decisions and more rapid progress in various areas of knowledge. The development of this 

model not only has significant implications for NLP, but also represents a notable advance in the way 

contemporary scientific literature can be explored and understood. 
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Abstract. This article addresses a key issue in dental education: how recent graduates and final-year 
students at the Faculty of Dentistry of the National University of San Marcos (UNMSM) perceive their 
readiness for professional practice. The study explores these self-assessments amid uncertainty, 
especially due to disruptions in clinical training during health restrictions. Traditional methods often 
overlook the ambiguity present in human perceptions during crises. To fill this gap, the study applies 
neutrosophic Z numbers, a method that captures degrees of certainty, indeterminacy, and contradiction 
in responses. Five competency dimensions were evaluated, revealing overall confidence in professional 
preparation but significant uncertainty in technical specialization and clinical management. Unlike 
conventional approaches, this method highlights subtle distinctions in perception and better reflects the 
complexity of training during times of disruption. The findings not only provide a deeper theoretical 
understanding of professional self-assessment in healthcare but also offer practical implications: the need 
to reinforce advanced clinical skills and management training. Thus, the study contributes both 
conceptually and methodologically, offering a nuanced tool for evaluating professional readiness in 
uncertain and evolving educational environments. 
 
Keywords : Professional Repair, Dentistry, Perception, Neutrosophic Z Numbers, Competencies, Health 
Education, Uncertainty. 
 

1. Introduction 

Preparation for professional practice in Dentistry is an essential pillar for ensuring quality in 

healthcare, a topic of great relevance in today's educational and professional environments. This study 

explores how final-year students and recent graduates of the Faculty of Dentistry at the Universidad 

Nacional Mayor de San Marcos (UNMSM) perceive their willingness to face the challenges of their 

profession. This self-perception is significant because it directly impacts the confidence and performance 

of future dentists, aspects that impact the oral health of the population [1]. Furthermore, recent research 

underscores that adequate training depends not only on technical knowledge but also on practical skills 

and professional attitudes, which highlights the importance of this analysis [2]. Over time, dental 

education has transitioned from traditional, theory-centered approaches to more integrated models that 
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prioritize clinical practice. In the Peruvian context, public universities such as UNMSM have played a 

key role in this process, adapting to the demands of an increasingly competitive labor market [3]. 

However, challenges persist related to the transition of students to independent practice, a step that 

requires diverse competencies and a solid perception of preparation [4]. This historical and current 

overview establishes the basis for understanding why assessing these perceptions is crucial today. In this 

sense, a problem arises that deserves attention: the self-perceptions of future dentists are often complex, 

combining certainty about certain skills with doubts or contradictions about others. Traditional 

assessment approaches often simplify this reality into rigid categories, which can obscure important 

nuances [5]. The magnitude of this issue lies in its impact on the training of competent professionals, 

capable of responding to the needs of society.  

So, how can we accurately determine levels of self-perceived professional preparedness, considering 
not only what students and graduates think they know, but also their uncertainties and limitations? This 
question, still without a definitive answer, guides the present study. The difoculty lies in capturing a 
multifaceted reality that conventional methods do not fully address. Historically, studies on professional 
preparedness have privileged quantitative metrics, leaving aside the ambiguity inherent in human 
perceptions [6]. However, in a field such as Dentistry, where clinical decisions and interaction with 
patients are fundamental, this indeterminacy cannot be ignored. Therefore, there is a need for innovative 
approaches that more faithfully reflect the experience of future professionals. The use of neutrosophic Z 
numbers offers a promising alternative for this purpose, allowing an analysis that integrates degrees of 
certainty, uncertainty, and contradiction. This methodological framework, little explored in health 
education, aligns with the complexity of the subject and seeks to overcome the limitations of binary 
assessments [8-10]. Thus, the study offers a renewed perspective on how dentists in training see 
themselves. 

Given this context, the objectives of this research are clearly outlined. First, it aims to determine the 
levels of self-perceived professional preparation among students and recent graduates of the UNMSM, 
using neutrosophic Z numbers[6]  as an analytical tool. Second, it seeks to identify the areas of greatest 
strength and ambiguity in their competencies, to provide useful insights for improving dental training. 

These objectives directly address the question posed and will be developed throughout the article, 
offering both theoretical and practical contributions to the field. In doing so, it is hoped to not only enrich 
the understanding of professional preparation but also propose ways to strengthen dental education.  

 

2. Preliminaries 

2.1. Self-perceived Professional Competency 

Self-perceived professional readiness emerges as a key concept for understanding how future 
professionals, especially in fields such as Dentistry, assess their ability to perform in the workforce. This 
phenomenon not only reflects the mastery of technical skills but also the confidence and attitudes that 
students and graduates develop during their training [11]. In this sense, its study is essential, since one's 
self-perception can directly influence actual performance, an aspect that multiple studies have begun to 
highlight [12]. Therefore, analyzing this topic offers a window into the quality of professional education 
and its practical implications. Historically, the transition from academia to independent practice has been 
a challenge for health professionals, and Dentistry is no exception. Several studies indicate that recent 
graduates face difoculties when applying theoretical knowledge in complex clinical scenarios [13]. 
However, what distinguishes self-perception is its subjective nature: it does not always align with 
objective competencies, which creates fertile ground for reflection. This discrepancy, far from being a 
shortcoming, invites us to consider how individuals interpret their preparation based on personal 
experiences and expectations. Furthermore, the relevance of this analysis is magnified in contexts where 
job demands require adaptability and confidence in decision-making. Self-perception of preparation can 
act as a driving force for facing challenges or, conversely, as a barrier if one's potential is underestimated 
[14]. In dentistry, where patient interactions and technical precision are crucial, this subjective dimension 
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takes on even greater weight. Thus, understanding it not only benefits professionals but also educational 
systems that seek to develop competent individuals. 

On the other hand, traditional approaches to assessing readiness typically rely on quantitative metrics, 
such as exams or lists of completed competencies [15, 16]. Although useful, these methods tend to ignore 
the gray areas of human perception, such as uncertainty or internal contradictions. Herein lies a 
significant limitation: by reducing readiness to rigid categories, the richness of nuances that students and 
graduates experience when assessing their abilities is lost. This methodological gap underscores the need 
for more flexible and comprehensive perspectives. In this context, the use of tools such as neutrosophic Z 
numbers emerges as an innovative proposal to address self-perceived professional readiness[17]. By 
allowing the integration of certainty, indeterminacy, and falsity into the analysis, this approach captures 
the complexity of perceptions more faithfully [18, 19]. Unlike binary scales, this methodology recognizes 
that a student may feel confident in certain areas, doubtful in others, and completely unprepared in 
specific aspects, all at the same time [. Such flexibility is invaluable for a field as dynamic as Dentistry 
[21]. 

The neutrosophic Z-number approach offers a significant advancement over traditional assessment 
methods by capturing the complexity and ambiguity inherent in self-perceived professional readiness. 
Unlike conventional tools that simplify competence into binary categories, this framework identifies areas 
of uncertainty and provides actionable insights for improving educational strategies, particularly in 
dental training. While its analytical complexity and the need for specialized training may pose 
challenges—especially in resource-limited settings—its capacity to reflect real-world nuances makes it a 
valuable asset for curriculum design and policy. Ultimately, this method promotes a more human-
centered understanding of professional competence, bridging theoretical innovation with practical 
impact. 

Neutrosophic Z Numbers. 

This section contains the main concepts used in this article 

Definition 1 ([22-25]). Let X be a set of universes. A neutrosophic number Z The set in X is defined as follows: 𝑆𝑍 = {〈𝑥, 𝑇(𝑉, 𝑅)(𝑥), 𝐼(𝑉, 𝑅)(𝑥), 𝐹(𝑉, 𝑅)(𝑥)〉: 𝑥 ∈ 𝑋}                  (1) 

Where 𝑇(𝑉, 𝑅)(𝑥) = (𝑇𝑉(𝑥), 𝑇𝑅(𝑥)), 𝐼(𝑉, 𝑅)(𝑥) = (𝐼𝑉(𝑥), 𝐼𝑅(𝑥)), 𝐹(𝑉, 𝑅)(𝑥) = (𝐹𝑉(𝑥), 𝐹𝑅(𝑥))are 
functions from X to [0, 1]2, which are the ordered pairs of truth, indeterminacy, and falsity, respectively. 
The first component V is the neutrosophic values at X , and the second component R is the neutrosophic 
reliability measures for V , satisfying the conditions 0 ≤ 𝑇𝑉(𝑥) + 𝐼𝑉(𝑥) + 𝐹𝑉(𝑥) ≤ 3and 0 ≤ 𝑇𝑅(𝑥) +𝐼𝑅(𝑥) + 𝐹𝑅(𝑥) ≤ 3. 

For convenience, we denote it 〈x, T(V, R)(x), I(V, R)(x), F(V, R)(x)〉as SZ = 〈T(V, R), I(V, R), F(V, R)〉 =〈(TV, TR), (IV, IR), (FV, FR)〉what is called NZN. 

Definition 2 ([22-25]). LetSZ1 = 〈T1(V, R), I1(V, R), F1(V, R)〉 = 〈(TV1 , TR1), (IV1 , IR1), (FV1 , FR1)〉 andSZ2 =〈T2(V, R), I2(V, R), F2(V, R)〉 = 〈(TV2 , TR2), (IV2 , IR2), (FV2 , FR2)〉 Let NZN and be two λ > 0. Then , we get the 
following relationships : SZ2 ⊆ SZ1 ⇔ TV2 ≤ TV1 , TR2 ≤ TR1 , IV1 ≤ IV2 , IR1 ≤ IR2 , FV1 ≤ FV2 , FR1 ≤ FR2, SZ1 = SZ2 ⇔ SZ2 ⊆ SZ1and SZ1 ⊆ SZ2, SZ1 ∪ SZ2 = 〈(TV1 ∨ TV2 , TR1 ∨ TR2), (IV1 ∧ IV2 , IR1 ∧ IR2), (FV1 ∧ FV2 , FR1 ∧ FR2)〉, SZ1 ∩ SZ2 = 〈(TV1 ∧ TV2 , TR1 ∧ TR2), (IV1 ∨ IV2 , IR1 ∨ IR2), (FV1 ∨ FV2 , FR1 ∨ FR2)〉, (SZ1)𝑐 = 〈(FV1 , FR1), (1 − IV1 , 1 − IR1), (TV1 , TR1)〉, 
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SZ1 ⊕ SZ2 = 〈(TV1+TV2 − TV1TV2 , TR1+TR2 − TR1TR2), (IV1IV2 , IR1IR2), (FV1FV2 , FR1FR2)〉, SZ1 ⊗ SZ2 = 〈(TV1TV2 , TR1TR2), (IV1+IV2 − IV1IV2 , IR1+IR2 − IR1IR2), (FV1+FV2 − FV1FV2 , FR1 + FR2 −FR1FR2)〉, λSZ1 = 〈(1 − (1 − TV1)𝜆, 1 − (1 − TR1)𝜆) , (𝐼V1𝜆 , 𝐼R1𝜆 ), (𝐹V1𝜆 , 𝐹R1𝜆 )〉, 𝑆Z1λ = 〈(𝑇𝑉1𝜆 , 𝑇𝑅1𝜆 ), (1 − (1 − 𝐼𝑉1)𝜆, 1 − (1 − 𝐼𝑅1)𝜆) , (1 − (1 − 𝐹𝑉1)𝜆, 1 − (1 − 𝐹𝑅1)𝜆)〉. 
To compare two NZNs that have SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 

2), we have the scoring function[26]: Υ(SZ𝑖) = 2+TV𝑖TR𝑖−IV𝑖IR𝑖−FV𝑖FR𝑖3                (2)  

Note that Υ(SZ𝑖) ∈ [0, 1]. Therefore, Υ(SZ2) ≤ Υ(SZ1)implies SZ2 ≼ SZ1. 

To clarify equation 2, consider the following example 

Example 1. Let SZ1 = 〈(0.9, 0.8), (0.1,0.9), (0.2,0.9)〉, then we have Υ(SZ1) = 2+(0.9)(0.8)−(0.1)(0.9)−(0.2)(0.9)3 =0.81666. 

Definition 3 ([11, 15] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2 , … 
, n) be a set of NZN and NZNWAA is a map from [0, 1]𝑛into [0, 1], such that the operator NZNWAA is 
defined as follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        (3)𝑛𝑖=1   

Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 

Thus, the NZNWAA formula is calculated as: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = 〈(1 − ∏ (1 − TV𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1TR𝑖)𝜆𝑖) , (∏ 𝐼V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐼R𝑖𝜆𝑖𝑛𝑖=1 ) , (∏ 𝐹V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐹R𝑖𝜆𝑖𝑛𝑖=1 )〉                 (4)   
The NZNWAA operator possesses the following properties: 

Is an NZN, 

It is idempotent 𝑁𝑍𝑁𝑊𝐴𝐴(SZ, SZ, ⋯ , SZ) = SZ, 

Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 

Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼ 𝑁𝑍𝑁𝑊𝐴𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

Definition 4 (([22-25]) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2 , … 
, n) be a set of NZN and NZNWGA be a map into [0, 1]𝑛, [0, 1]such that the operator NZNWGA is defined 
as follows: 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝑆Z𝑖𝜆𝑖                        (5)𝑛𝑖=1   

Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 

Therefore, the NZNWGA formula is calculated as([22-25]: 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆𝑍1 , 𝑆𝑍2 , ⋯ , 𝑆𝑍𝑛) = 〈(∏ 𝑇𝑉𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝑇𝑅𝑖𝜆𝑖𝑛𝑖=1 ) , (1 − ∏ (1 − 𝐼𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐼𝑅𝑖)𝜆𝑖𝑛𝑖=1 ) , (1 −∏ (1 − 𝐹𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐹𝑅𝑖)𝜆𝑖𝑛𝑖=1 )〉                 (6)   
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NZNWGA satisfies the following properties: 

Is an NZN, 

It is idempotent 𝑁𝑍𝑁𝑊𝐺𝐴(SZ, SZ, ⋯ , SZ) = SZ, 

Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 

Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼ 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

3. Material and Methods  

3.1 Study Design and Participants 

A cross-sectional study was conducted with 60 participants from the Faculty of Dentistry at the 
National University of San Marcos (UNMSM), divided into two groups: 

Group A: 30 final-year undergraduate students. 
Group B: 30 recent graduates with less than one year of professional practice. 
Inclusion criteria included: being a final-year student or graduate from UNMSM, age between 22–35 

years, and signing informed consent. 
Exclusion criteria involved: prior dental training in other institutions, more than 2 years of work 

experience, current postgraduate studies, or incomplete survey responses. 
The study was developed in four phases: 

 

Figure 1. Flow diagram of the research process. 

Phase I: Preparation and Consent 

An initial interview was conducted with participants to explain the study objectives, methodology, 
and data confidentiality procedures. Written informed consent was obtained from all participants. 

Phase II: Instrument Design and Validation 

A self-assessment questionnaire was developed to evaluate 14 professional competencies. The 
instrument was validated using the Delphi method[27] with a panel of five dental education experts. 
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Phase III: Data Collection 

Participants rated their competencies using a linguistic scale, which was later mapped to numerical 
values.  

Phase IV: Neutrosophic Data Analysis 

The collected data were processed using a neutrosophic multi-valued approach  

3.2 Instrument Design and Validation 

A self-assessment questionnaire was developed to evaluate 14 professional competencies grouped into 
three domains: 

Theoretical Knowledge (4 items) 
Clinical Skills (6 items) 
Interpersonal and Professional Skills (4 items) 
 

3.3 Data Collection 

Participants rated their competency level using a linguistic scale, evaluating: 
Truth value and reliability, 
Indeterminacy and its reliability, 
Falsity and its reliability. 
These linguistic terms were mapped to numerical values as shown in Table 1. 
 

Table 1: Linguistic truth and reliability values and their corresponding numerical value. 

Numerical value equivalent Reliability linguistics value  Truth linguistic value  
0.1 Very insecure Very low 

0.3 Not very sure Low 

0.5 Not even sure neither insecure Half 
0.7 Sure High 

0.9 Very sure Very high 

 

These linguistic terms were mapped to numerical values (e.g., “Very high” = 0.9; “Very low” = 0.1) and 
transformed into Neutrosophic Z Numbers (NZN). 

3.4 Data Processing and Analysis 

The analysis consisted of: 

Transformation of linguistic ratings into Neutrosophic Z Numbers (NZN) 
Aggregation of individual ratings using the NZN Weighted Arithmetic Averaging (NZNWAA) 

operator 

Scoring the aggregated values using a neutrosophic scoring function 

Statistical analysis using the Mann-Whitney U test [28], with a significance level set at 𝑝 <  0.05 

Additionally, competence scores were analyzed by domain (knowledge, clinical, interpersonal), 
allowing identification of both strengths and areas of high indeterminacy across groups. 
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4. Results 

 

Table 2 presents the sociodemographic data of the group of final-year students. 

Table 2. Sociodemographic data of the group of final-year students 

GENDER Frequency Percentage 

Female 18 60% 

Male 12 40% 

AGE RANGES Frequency Percentage 

22-24 15 50% 

25-27 12 40% 

28-30 3 10% 

UNIVERSITY CLINICAL EXPERIENCE Frequency Percentage 

2-3 years 24 80% 

4-5 years 6 20% 

TOTAL 30 100% 

 

Table 3 shows the sociodemographic data for the group of recent graduates. 

Table 3. Sociodemographic data of the group of recent graduates 

GENDER Frequency Percentage 

Female 16 53.3% 

Male 14 46.7% 

AGE RANGES Frequency Percentage 

23-25 8 26.7% 

26-28 17 56.7% 

29-31 4 13.3% 

32-35 1 3.3% 

TIME SINCE GRADUATION Frequency Percentage 

1-4 months 10 33.3% 

5-8 months 13 43.3% 

9-12 months 7 23.4% 

TOTAL 30 100% 

 

Fourteen professional competencies were assessed for each participant. We denote final-year students 
by 𝐸 𝐴  =  { 𝑒 𝐴1 , 𝑒𝐴2  , . . . , 𝑒𝐴30  } and recent graduates by 𝐸  𝐵 =  {𝑒𝐵1  , 𝑒 𝐵2 , . . . , 𝑒 𝐵30 }. 
The competencies assessed were the following: 
Theoretical knowledge: 
Fundamentals biological and biomedical 
Pathology and diagnosis 

Materials dental and biomaterials 

Pharmacology and therapeutics 

Clinical skills: 5. Dental surgery 6. Endodontics 7. Periodontics 8. Dental prosthetics 9. Basic oral surgery 
10. Pediatric dentistry 

Interpersonal and professional skills: 11. Communication with patients 12. Clinical and administrative 
management 13. Professional ethics 14. Research and continuous learning 
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Let x( A ij ) be the assessment made by the ith student on the jth competency in the senior group. 
Similarly, x( B ij ) is the equivalent for recent graduates. 

Let  SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2 , … , n) be the set of 
neutrosophic Z numbers used to represent the assessments. 

4.1 Results by competencies 

Below are some representative examples of the ratings obtained for certain competencies: 

Table 4. Examples of assessments for the "Dental Surgery" competency 

Participant NZN Rating Scoring function 

A3 〈 (0.7, 0.7), (0.3, 0.5), (0.3, 0.7) 〉 0.717 

 (A12 〈 (0.7, 0.5), (0.5, 0.3), (0.3, 0.7) 〉 0.683 

B4 〈 (0.9, 0.7), (0.1, 0.7), (0.1, 0.9) 〉 0.857 

B21 〈 (0.7, 0.9), (0.3, 0.7), (0.1, 0.7) 〉 0.783 

 

Table 5. Examples of assessments for the "Basic Oral Surgery" competency 

 

Participant NZN Rating Scoring function 

A7 〈 (0.5, 0.5), (0.5, 0.7), (0.5, 0.3) 〉 0.617 

A18 〈 (0.3, 0.7), (0.7, 0.5), (0.7, 0.3) 〉 0.550 

B9 〈 (0.7, 0.7), (0.3, 0.5), (0.3, 0.5) 〉 0.733 

B25 〈 (0.7, 0.9), (0.3, 0.7), (0.3, 0.5) 〉 0.750 

The values for each participant were aggregated across all competitions using the NZNWAA operator 
(5). 

These aggregated values were converted into numerical scores using the scoring function:𝑥̿𝑒𝑖 =Υ(𝑥̅𝑒𝑖) and 𝑥̿𝑐𝑖 = Υ(𝑥̅𝑐𝑖). 

Table 6. Aggregation results and scoring function for both groups 

Seniors year Newly graduates 𝑥̿ (A1) = 0.623 𝑥̿ (B1) = 0.712 𝑥̿ (A2 ) = 0.645 𝑥̿ (B2) = 0.735 𝑥̿ (A3) = 0.671 𝑥̿  (B3) = 0.693 𝑥̿ (A4) = 0.598 𝑥̿ (B4) = 0.758 𝑥̿ (A5) = 0.634 𝑥̿ (B5) = 0.726 𝑥̿ (A6 ) = 0.649 𝑥̿ (B6) = 0.701 𝑥̿ (A7) = 0.612 𝑥̿ (B7) = 0.732 𝑥̿ (A8) = 0.657 𝑥̿ (B8) = 0.716 𝑥̿ (A9) = 0.685 𝑥̿ (B9) = 0.747 𝑥̿ (A10) = 0.602 𝑥̿ (B10) = 0.729 𝑥̿ (A11) = 0.678 𝑥̿ (B11) = 0.705 𝑥̿ (A12) = 0.642 𝑥̿ (B12) = 0.753 𝑥̿ (A13) = 0.661 𝑥̿  (B13) = 0.711 𝑥̿ (A14) = 0.633 𝑥̿ (B14) = 0.738 𝑥̿ (A15) = 0.650 𝑥̿ (B15) = 0.724 
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Seniors year Newly graduates 𝑥̿ (A16) = 0.618 𝑥̿ (B16) = 0.707 𝑥̿ (A17) = 0.672 𝑥̿ (B17) = 0.742 𝑥̿ (A18) = 0.629 𝑥̿ (B18) = 0.721 𝑥̿ (A19) = 0.647 𝑥̿ (B19) = 0.696 𝑥̿ (A20) = 0.663 𝑥̿ (B20) = 0.732 

x ̿ (A21) = 0.625 𝑥̿ (B21) = 0.717 𝑥̿ (A22) = 0.654 𝑥̿ (B22) = 0.728 

x ̿ (A23) = 0.637 𝑥̿ (B23) = 0.740 𝑥̿ (A24) = 0.673 𝑥̿  (B24) = 0.703 𝑥̿ (A25) = 0.659 𝑥̿ (B25) = 0.749 𝑥̿ (A26) = 0.640 𝑥̿ (B26) = 0.715 𝑥̿ (A27) = 0.628 𝑥̿ (B27) = 0.731 𝑥̿ (A28) = 0.667 𝑥̿ (B28) = 0.744 𝑥̿ (A29) = 0.621 𝑥̿ (B29) = 0.709 𝑥̿ (A30) = 0.646 𝑥̿ (B30) = 0.726 

 

The Mann- Whitney U test was applied to compare the two data groups 𝐺𝐴 =  {𝑥 ̿ ( 𝐴 𝑖 )} and 𝐺𝐵 = {𝑥 ̿ ( 𝐵 𝑖 )}. 
The hypothesis test proposed was as follows: 
H 0 : Both populations are distributed equally, therefore, there are no significant differences in the self-

perception of professional preparation between final-year students and recent graduates. 
H 1 : Both populations are distributed differently, therefore, there are significant differences in the self-

perception of professional preparation between final-year students and recent graduates. 
The significance level was set at 0.05. 

Whitney U test formulas : 𝑈1 = 𝑛1𝑛2 + 𝑛1(𝑛1 + 1)2 − 𝑅1            𝑈2 = 𝑛1𝑛2 + 𝑛2(𝑛2 + 1)2 − 𝑅2              
Where n 1 = n 2 = 30 (sample sizes), R 1 and R 2 are the sums of the ranges of the observations in samples 1 
and 2, respectively. 

After performing the calculations, a p-value of 0.0023 < 0.05 was obtained, which leads to the rejection 
of the null hypothesis H 0 . This result indicates that there are statistically significant differences in the 
self-perception of professional readiness between senior students and recent graduates. 

For a more detailed analysis, an aggregation by specific domains of competencies was performed, 
obtaining the following results: 

Table 7. Results by Competency Domains 

Domain Seniors (Middle) Newly graduates (Media) p-value 

Knowledge theorists 0.661 0.704 0.0179 

Clinics skills 0.617 0.746 0.0008 

Skills in interpersonal and professional 0.683 0.723 0.0415 

 

These results indicate that the differences are statistically significant in all three competency domains, 
being most pronounced in the clinical skills domain. 

his study assessed self-perceived professional readiness in final-year students and recent graduates of 
the Dentistry program at the Universidad Nacional Mayor de San Marcos using neutrosophic Z numbers. 
The findings revealed that recent graduates consistently reported higher levels of perceived readiness, 
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especially in clinical skills. This difference is attributed to the early months of professional experience, 
which expose graduates to diverse clinical situations, foster the integration of theoretical knowledge 
through practical application, and enhance autonomy in decision-making. The removal of the "supervisor 
effect" also contributes to greater confidence in clinical practice. While significant differences were 
observed across all three assessed domains, the smallest gap appeared in theoretical knowledge, 
indicating that the academic curriculum provides a strong theoretical foundation, though practical 
competencies are better developed through real-world experience. 

Further analysis of specific competencies highlights areas that require attention. Final-year students 
scored lowest in "Basic Oral Surgery," "Clinical and Administrative Management," and "Dental 
Prosthetics," suggesting a need for targeted curricular reinforcement. In contrast, recent graduates scored 
lower in "Research and continuous learning," "Professional ethics," and "Pharmacology and therapeutics," 
signaling the importance of continued support during the transition into professional practice. The use 
of neutrosophic methodology allowed for a nuanced understanding of readiness, capturing degrees of 
truth, indeterminacy, and falsity, thus offering a more comprehensive alternative to conventional 
statistical assessments in contexts marked by subjectivity and uncertainty. 

5. Conclusions and Recommendations 

The results of this study reveal significant differences in self-perceived professional preparation 
between final-year dentistry students and recent graduates of the National University of San Marcos, with 
the latter group demonstrating notably higher levels of perceived readiness. The most pronounced 
disparity lies in the domain of clinical skills, highlighting the importance of early professional practice in 
consolidating these competencies. Furthermore, each group exhibits specific areas in need of targeted 
intervention: basic oral surgery and clinical management were identified as critical for final-year students, 
while recent graduates showed gaps in research capabilities and ongoing professional development. 
These findings underscore the relevance of complementing academic training with structured practical 
experiences. The application of neutrosophic Z-numbers proved effective in capturing the 
multidimensional nature of self-perception, allowing for a nuanced analysis that accounts for degrees of 
certainty, uncertainty, and contradiction—elements typically overlooked by conventional assessment 
methods. 

In light of these results, a series of strategic recommendations are proposed to improve academic 
training, support recent graduates, and guide future research. For educational institutions, it is crucial to 
expand clinical practice opportunities, reinforce the connection between theoretical and practical 
components, and include administrative and decision-making skills in the curriculum. For recent 
graduates, mentorship programs, spaces for peer exchange, and continuing education focused on ethics, 
research, and pharmacology are suggested. Methodologically, further development of user-friendly tools 
for neutrosophic analysis and researcher training are necessary to ensure broader adoption. Future 
studies should explore additional cohorts, include objective performance metrics, and conduct 
longitudinal analyses to track the evolution of professional preparedness over time. Additionally, 
deepening the application of neutrosophic approaches in health education could enrich our 
understanding of complex cognitive and emotional processes that influence competence formation. In 
particular, future research could explore the integration of Z-number models with machine learning 
techniques to enhance predictive assessments in educational contexts characterized by uncertainty. 
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Abstract: This study presents findings aimed at improving English pronunciation instruction for A1-level students 

enrolled in technical programs at a public institution in Guayaquil, Ecuador. The research integrates neutrosophic 

statistics with the Communicative Language Teaching (CLT) approach to address ambiguity and complexity in 

educational contexts. Key factors such as teaching methodology effectiveness, instructors' content knowledge, CEFR 

implementation, course-objective alignment, module relevance, and departmental management were assessed. The 

neutrosophic framework enabled the identification of strengths, weaknesses, and areas of indeterminacy requiring 

contextual intervention. Based on the findings, the study proposes pedagogical alternatives through an English for 

Specific Purposes (ESP) model aligned with the technical profiles of each program. Emphasis is placed on 

communicative strategies to enhance pronunciation and foster active language use. The proposed integrative strategy 

offers a comprehensive and innovative approach to improving the quality of English instruction in higher education. 

 

Keywords: Neutrosophic Statistics, Communicative Language Teaching (CLT), English for Specific Purposes (ESP), 

Technical Education, A1-Level Students. 

 

 

1. Introduction 
 

The academic and professional growth of pupils depends heavily on how well English language 

training is taught. English is currently seen as a necessary language for advancing one's career and gaining 

access to codified information in a variety of sectors. In addition to guaranteeing that the material is 

conveyed, an efficient teaching strategy should help pupils acquire the ability to recognize and 

comprehend particular facts in their area of expertise. The majority of Ecuadorian university programs now 

require English instruction due to the language's increasing importance in science, technology, and the 

global environment. However, how instructors organize, implement, and modify their approaches to meet 

the demands of the student's academic and professional contexts has a significant impact on the process's 

quality [1].   

Good technical and professional preparation is necessary to ensure effective English learning, and to do 

so, the English teacher must propose to do away with traditions and customs about the way classes are 

organized, the teacher's presence, the function and location of teaching media in the educational process, 

and evaluation concepts [2]. 

Effective English for Specific Purposes instruction within the curriculum depends on the alignment of 

teaching methods with course objectives. This coherence makes it possible for activities, evaluations, and 
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material to directly address the needs and interests of students, guaranteeing that the professional profile 

they create will meet the requirements of the fiercely competitive job market they will encounter. [3]. 

In this situation, English language instruction must be strategically organized to achieve particular goals 

that take into account students' technical specialty as well as the language proficiency needed in their line 

of work, rather than being restricted to generalist techniques. Therefore, within the scope of English 

language learning as a tool for professionalization in higher education, this paper highlights the necessity 

of strengthening the correlation between what is planned and what is implemented in the classroom [4]. 

Because of its emphasis on fostering communicative abilities that adapt to particular academic contexts, 

English for Academic Purposes (EAP) has emerged as one of the applied linguistics subfields with the 

fastest rate of growth. Research on genre analysis and contrastive rhetoric has been crucial in this area for 

creating instructional materials that improve critical abilities like academic discourse analysis and written 

writing [5,6,7] 

Since the Common European Framework of Reference for Languages (CEFR) offers precise descriptions 

of language competencies that direct both learning planning and assessment, combining these methods 

with its application enables the development of more cohesive and standardized training programs. This 

combination supports English language instruction that is more in line with actual academic standards, 

where competence levels emphasize not just communication and grammar but also the discursive and 

rhetorical abilities required to function well in a university environment. [8]. 

Even though English is now required in university training programs, particularly in technical 

programs, students at the A1 level still struggle greatly with pronunciation development. This situation 

draws attention to possible flaws in the current teaching model, whose efficacy has not been thoroughly 

assessed based on important criteria like the way the Language Department is run, how relevant the 

material is to the course load, how well the course objectives and their actual implementation align, how 

well the instructor understands the material, and how the Common European Framework of Reference for 

Languages (CEFR) is applied. [9,10]. 

Moreover, the quality of learning can be significantly impacted by the misalignment of these 

components, particularly when it comes to vocal abilities like pronunciation. To suggest changes that help 

maximize the pronunciation instruction process for A1 level students in technical programs, it is required 

to diagnose, from a comprehensive viewpoint, the factors influencing the efficacy of the current teaching 

model. [11]. 

It was deemed relevant to use the neutrosophic set (NS) approach as a legitimate methodological 

alternative because the responses received regarding the factors analyzed in this research—such as the 

management of the Language Department, the relevance of textual content, the coherence between 

objectives and teaching practice, the teacher's mastery of the content, the application of the CEFR, and the 

perceived effectiveness of the teaching model—present elements of uncertainty, ambiguity, and even 

contradiction. This tool has been widely utilized in many different domains to enhance decision-making 

processes when information is incomplete. It generalizes fuzzy sets through intervals that include degrees 

of truth (T), indeterminacy (I), and falsehood (F). [12, 13]. 

The neutrosophic approach enhances the validity of the analysis, increases the credibility of the results, 

and permits a more accurate representation of qualitative judgments in the educational context, 

particularly in the assessment of the quality of pronunciation instruction for A1-level students in technical 

programs. This helps to create more contextualized and successful instructional techniques by providing a 

strong tool to identify the teaching model’s strengths, shortcomings, and uncertainties more precisely. [14]. 

The Neutrosophic Variables used in this study correspond to a simulated dataset, designed for 

educational and illustrative purposes. Its primary goal is to facilitate the understanding and practical 

application of neutrosophic logistic regression in pedagogical research contexts. The values assigned to 

each variable (truth, indeterminacy, and falsehood) were not collected from real participants but generated 

through controlled simulation to reflect plausible patterns in educational settings. [15,16]. 
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This approach allows researchers and educators to explore how uncertainty and partial truth can be 

modeled in educational data analysis. By using simulated single-valued neutrosophic numbers (SVNN), 

the dataset demonstrates the methodological process of transforming classical variables into neutrosophic 

format and analyzing them using statistical techniques adapted to ambiguity. While the results are not 

generalizable, they serve as a foundation for developing robust models and encouraging future empirical 

research in the field of educational measurement and evaluation. [17]. 

 

2. Literature review  

2.1 Neutrosophy and SVN Numbers. 

 

For the handling of neutralities, Leyva and Smarandache [18] proposed neutrosophy. Single-valued 

neutrosophic sets (SVNS), which enable the use of linguistic variables, improve interpretability in 

recommendation models, and allow for the use of indeterminacy, were proposed to make the practical 

application to decision-making problems easier. 

Let X be a universe of discourse. A single-valued neutrosophic set (SVNS) A over X is defined as a set 

of the form: 𝐴 = {⟨𝑥, 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥)⟩: 𝑥 ∈ 𝑋}     (1) 

Where 𝑢𝐴(𝑥): 𝑋 → [0,1], 𝑟𝐴(𝑥): 𝑋 → [0,1] 𝑦 𝑣𝐴(𝑥): 𝑋 → [0,1]: 𝑋 → [0,1] They represent, respectively, the 

degree of truth, indeterminacy and falsity of an element x in relation to the set A, fulfilling that: 0 ≤ uA(x) + rA(𝑥) + vA(x) ≤ 3for all  x ∈ X    (2) 

 

For notational simplicity, a single-valued neutrosophic number can be represented as 𝑨 = (𝒂, 𝒃, 𝒄), 

donde 𝑎, 𝑏, 𝑐 ∈ [0,1] 𝑦 𝑎 + 𝑏 + 𝑐 ≤ 3. Applications like artificial intelligence, multi-criteria decision-making, 

and educational analytics, among others, where uncertainty, ambiguity, and inconsistency are prevalent, 

have found this kind of representation particularly helpful. 

 

2.2 Classical Logistic Regression. 

 

A popular statistical model for examining the association between one or more independent variables 

and a categorical, typically binary, dependent variable is classical logistic regression. Its primary goal is to 

calculate the likelihood that an event will occur based on the explanatory variables' values. The logistic or 

sigmoid function is used in this model, as opposed to linear regression, to make sure that the predicted 

values lie inside the interval [0,1], allowing them to be understood as probabilities. When one wishes to 

categorize observations into two groups, such as success or failure, acceptance or disapproval, or in this 

example, successful or ineffective learning, logistic regression is very helpful. [19] 

In classical binary logistic regression, the probability of an event occurring (e.g., a student having 

effective learning) is modeled: 

 𝑃(𝑌 = 1) = 11+𝑒−(𝛽0+𝛽1𝑋1+𝛽2𝑋2+⋯+𝛽𝑘𝑋𝑘)      (3) 

 

 

 

Where: 𝒀: 𝐵𝑖𝑛𝑎𝑟𝑦 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  (0 =  𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑙𝑒𝑎𝑟𝑛𝑖𝑛𝑔, 1 =  𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑙𝑒𝑎𝑟𝑛𝑖𝑛𝑔) 𝑿𝒊: 𝐼𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 (𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟𝑠) 𝜷𝒊: 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 
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2.3 Neutrosophic logistic function. 

 

A theoretical extension of standard logistic regression, the neutrosophic logistic function is modified to 

account for the uncertainty present in complex situations like education. This function incorporates the 

framework of neutrosophic logic, representing each variable through a triplet made up of degrees of truth 

(T), indeterminacy (I), and falsehood (F), in contrast to conventional models that work with exact values. 

Modeling situations when human reactions are neither totally objective nor fully defined is made possible 

by this representation. Taking into account elements like institutional management, content relevance, 

teaching proficiency, and the perceived efficacy of the teaching model, the neutrosophic logistic function 

is used in this work to forecast the likelihood that A1 students in technical programs will learn English 

effectively [20, 21]. 

A more comprehensive and accurate evaluation was made possible by converting each of these 

variables into a neutrosophic single-valued set (SVN). By combining the T, I, and F components of each 

variable using statistically determined coefficients, the neutrosophic logistic function creates a model that 

can account for the impacts of ambiguity and contradicting perception in addition to direct correlations. 

Because of this, this tool is positioned as a strong substitute for pedagogical analysis in situations where 

information is incomplete, helping to create prediction models that are better in line with the realities of 

education. 

The necessity to represent events where certainty, uncertainty, and inconsistency all intervene at the 

same time is the foundation of the neutrosophic logistic function. This feature makes it possible to depict 

the ambiguity of many human decisions more realistically. In mathematics, a sigmoid function that 

incorporates neutrosophic values as predictors is used to indicate the likelihood that an event will occur. 

By adding a three-valued structure that enhances the interpretation of data in which each variable Xj has 

three components, this formulation broadens the use of traditional logistic regression: 

   𝑿𝒋𝑻: degree of truth (truth)  𝑿𝒋𝑰𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑖𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑐𝑦 𝑿𝒋𝑭 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒ℎ𝑜𝑜𝑑 (𝑓𝑎𝑙𝑠𝑖𝑡𝑦) 

So the model fits like this: 

 𝑃(𝑌 = 1) = 11+𝑒−(𝛽0+∑ (𝛽𝑗𝑇⋅𝑋𝑗𝑇+𝛽𝑗𝐼⋅𝑋𝑗𝐼+𝛽𝑗𝐹⋅𝑋𝑗𝐹)𝑘𝑗=1 )     (4) 

 

2.4 Normalized Decision Matrix. 

 

A key tool in multi-criteria evaluation techniques is the Normalized Decision Matrix, which enables a 

consistent comparison of various options across several criteria. Each educational criterion was represented 

in this study by a single-valued neutrosophic number, normalized by the components of truth (T), 

indeterminacy (I), and falsehood (F). By ensuring that all data lie inside the same range ([0,1]), this 

normalization makes it easier to analyze them jointly. The generated matrix can be used as a foundation 

for weighting methods like CRITIC or approaches like neutrosophic logistic regression. Because of its 

structure, each criterion's individual and combined behavior may be seen. All things considered, it offers 

a logical and measurable perspective on the assessed educational environment. [22]. 

In the neutrosophic context, each entry in the matrix may have the format:  𝑥𝑖𝑗 = (𝑇𝑖𝑗, 𝐼𝑖𝑗 , 𝐹𝑖𝑗)       (5) 

Where: 

• i: alternative (e.g., student) 

• j: criteria (e.g. VGDI, GPTC, etc.) 

• T, I, F: degrees of truth, indeterminacy and falsehood, already normalized in the range [0,1]. 
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2.5 Proposed Methodology 

 

This study produced a methodological framework for converting classical data into neutrophilic data 

using single-valued neutrophilic sets. The classical database was transformed into a neutrosophic database 

by employing a set of variables collected by traditional methods, such as surveys with Likert-type scales. 

The research phenomenon was then linked to important factors, such as topic relevancy, instructor 

proficiency, and institutional management. These variables were all modified using the single-valued 

neutrosophic sets approach. A triplet (T, I, F) was used to symbolize each observation, signifying the degree 

of falsehood, indeterminacy, and truth. 

        
Table 1. Variables applied to the project. 

 

Code Variable 

VGDI Department Management Level 

GPTC Content Relevance vs. Workload 

COCI Course Objectives and Implementation 

Coherence 

DCDC Teacher’s Mastery of Content in Class 

CMCER Knowledge of the CEFR (Common European 

Framework of Reference) 

EPMEI Perceived Effectiveness of the English Teaching 

Model 

 

Previously established guidelines were used to carry out this translation, such as linking a T value of 

0.9 to replies like "strongly agree" or a F value of 0.9 to "strongly disagree." Higher values were given to the 

I component in unclear circumstances. 

 
Table 2. Single-Valued Neutrosophic Numbers Assigned to Each Linguistic Term 

 

  SVN 

Linguistic Term T I F 

VGDI 0.6 0.2 0.2 

GPTC 0.4 0.5 0.1 

COCI 0.7 0.2 0.1 

DCDC 0.5 0.3 0.2 

CMCER 0.3 0.4 0.3 

EPMEI 0.4 0.4 0.2 

 

2.6 Normalized neutrosophic decision matrix.  

 

The numerical variables were normalized and evaluated using expert criteria to define their 

neutrosophic components. This process allowed the ambiguity and uncertainty of the responses to be 

translated into a quantifiable structure.  
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Table 3. Normalized neutrosophic decision matrix 

 

Student VGDI (T, I, F) GPTC (T, I, F) COCI (T, I, F) DCDC (T, I, F) CMCER (T, I, F) EPMEI (T, I, F) 

E1 (0.6,0.2,0.2) (0.4,0.5,0.1) (0.7,0.2,0.1) (0.5,0.3,0.2) (0.3,0.4,0.3) (0.4,0.4,0.2) 

E2 (0.8,0.1,0.1) (0.6,0.3,0.1) (0.6,0.2,0.2) (0.7,0.2,0.1) (0.5,0.3,0.2) (0.5,0.3,0.2) 

E3 (0.4,0.3,0.3) (0.5,0.2,0.3) (0.5,0.3,0.2) (0.6,0.2,0.2) (0.4,0.3,0.3) (0.3,0.4,0.3) 

 

The normalized neutrosophic decision matrix represents an enriched, multidimensional view of student 

perceptions regarding key factors in the English teaching-learning process. Each cell of the matrix contains 

a single-valued neutrosophic number (SVN), expressed in terms of truth (T), indeterminacy (I), and falsity 

(F), which allows capturing not only the degree of acceptance of a criterion but also the associated 

ambiguity and disagreement. This representation is especially valuable in the educational context, where 

assessments are often subjective, with varying levels of certainty. Thus, the matrix serves as a starting point 

for more realistic and accurate analyses that integrate the complexity of human judgment. [23]. 

Six basic educational variables (VGDI, GPTC, COCI, DCDC, CMCER, and EPMEI) were subjected to 

the matrix as part of this study's framework in order to assess their correlation with the likelihood that A1 

students would learn pronunciation effectively. Its incorporation into the neutrosophic logistic regression 

model allowed for the understanding of how ambiguity and negative perception impact academic 

accomplishment in addition to identifying the elements that have the greatest impact on this outcome. 

Thus, in addition to methodically organizing the data, this matrix aids in educational decision-making by 

enabling the prioritization of actions in areas where untruth or indeterminacy predominate and 

strengthening those where truth is reliable and consistent. 

 
Table 4. Neutrosophic Variables Table 

 

Code Variable T 

(Truth) 

I  

(Indeterminacy) 

F 

(Falsehood) 

VGDI Department 

Management Level 

Management 

perceived as 

adequate 

Ambiguity or lack of 

information about 

management 

Management 

perceived as 

inadequate 

GPTC Content Relevance vs. 

Workload 

Content appropriate 

for the assigned 

time 

Uncertainty about 

whether the content can 

be adequately covered 

Content 

inappropriate for 

the available time 

COCI Course Objectives and 

Implementation 

Coherence 

High coherence 

between planning 

and practice 

Ambiguity in the 

application of objectives 

Mismatch between 

objectives and 

practice 

DCDC Teacher’s Mastery of 
Content in Class 

Complete mastery 

demonstrated in 

class 

Ambiguity in teacher 

preparation 

Insufficient or 

incorrect mastery 

CMCER Knowledge of the CEFR 

(Common European 

Framework of Reference) 

Explicit knowledge 

and effective 

application 

Partial or unproven 

knowledge 

Lack of knowledge 

or inappropriate use 

of the CEFR 

EPMEI Perceived Effectiveness 

of the English Teaching 

Model 

Model considered 

effective 

Doubts about its real 

impact 

Model considered 

ineffective 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Rosa Hernández-Magallanes, Carmen Letamendi-Lazo, Josué Bonilla-Tenesaca. Application of Neutrosophic Statistics and the 
Communicative Pedagogical Model to Optimize Pronunciation Teaching in A1 Students of Technical Careers in Higher 
Education 

164 

The criteria of this study are: 

 

VGDI: Language Department Management Level. 

• Definition: Extent to which the department plans, organizes, and executes effective strategies 

for teaching English. 

• Neutrosophic Scale: 

• T: Level of management perceived as adequate. 

• I: Ambiguity or lack of information about management. 

• F: Management perceived as inadequate or deficient. 

GPTC: Degree of Relevance of Textual Content with Respect to the Workload. 

• Definition: Level at which the content of the modules is adjusted to the available time load. 

• T: Content appropriate for the time allotted. 

• I: Uncertainty about whether the content can be adequately covered. 

• F: Inappropriate content in relation to the time available. 

COCI: Course Objectives and Implementation Coherence. 

• Definition: Level of alignment between curricular objectives and their application in the 

classroom. 

• T: High coherence between planning and execution. 

• I: Ambiguity about how the objectives are applied. 

• F: Clear misalignment between objectives and teaching practice. 

DCDC: Teacher Mastery of Content in Class. 

• Definition: Level of knowledge and handling of the topics by teachers. 

• T: Complete mastery evidenced in class. 

• I: Ambiguity in teacher preparation. 

• F: Insufficient or incorrect domain. 

CMCER: Knowledge of the Common European Framework of Reference. 

• Definition: Level of knowledge and application of the CEFR by the teacher. 

• T: Explicit knowledge and effective application. 

• I: Partial or undemonstrated knowledge. 

• F: Lack of knowledge or improper use of the CEFR. 

EPMEI: Perceived Effectiveness of the English Teaching Model. 

• Definition: Degree to which the current teaching model is considered effective. 

• T: Model considered effective. 

• I: Doubts about its real impact. 

• F: Model considered inefficient. 

3. Case Study. 

It became necessary to create a model that would enable the identification of the most important 

elements in successful learning because of the difficulties in teaching English in technical courses, 

particularly those pertaining to pronunciation. Using a neutrosophic approach to capture the intricacy, 

ambiguity, and subjective assessment of pedagogical criteria, the study was carried out on a database of 

120 students at level A1, who were evaluated based on six important educational factors. [21] 

 

3.1 Proposed Model: N-LIM: Neutrosophic Logistic Instructional Model 

 

The steps of the suggested strategy for assessing educational criteria and figuring out their relative 

weights are presented in this section. The method is predicated on representing the ambiguity and 

uncertainty inherent in educational examinations using single-valued neutrosophic sets (SVNS).  
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Table 5. SVN Values and Their Linguistic Interpretation for Educational Variables 

 

Variable SVN 
Linguistic 

Term 

Department 

Management Level 
0.6 Medium 

 0.2 Low 
 0.2 Low 

Content Relevance 0.4 Medium 

 0.5 
High 

(Indeterminate) 
 0.1 Low 

Course-Objective 

Coherence 
0.7 High 

 0.2 Low 
 0.1 Low 

Teacher’s Content 
Mastery 

0.5 Medium 

 0.3 Medium 
 0.2 Low 

Knowledge of CEFR 0.3 Low 
 0.4 Medium 
 0.3 Medium 

Perceived 

Effectiveness of the 

Model 

0.4 Medium 

 0.4 Medium 

  0.2 Low 

 

The SVN value represents the degree of truth (T) as the basis for the linguistic term, while the I and F 

values are considered to adjust the interpretation toward indeterminacy or negative. Terms such as High, 

Medium, and Low are used to facilitate qualitative understanding of each component. 

The CRITIC (Importance Criteria Using Inter-Criteria Correlation) technique is integrated to determine 

the weights for each criterion, taking into account the degree of contrast and the conflict between variables. 

A more objective weighting of elements like department administration, subject relevancy, teaching 

proficiency, and the perceived efficacy of the teaching approach is made possible by this combination. This 

approach produces a more reliable and accurate evaluation procedure by capturing not only the perceived 

degree of truth of each component but also its indeterminacy and falsehood when used to teach English 

pronunciation to A1-level students in technical programs. 

 

CRITIC (Importance Criteria through Intercriteria Correlation) 

 

An objective way for assessing the relative importance of each criterion used in multicriteria decision-

making is the CRITIC method (Criteria Importance through Intercriteria Correlation). In contrast to 

subjective techniques that rely on expert opinion, CRITIC incorporates two essential components: each 

criterion's internal variability, as indicated by its standard deviation, and its level of independence or 

conflict about the other criteria, as indicated by correlation. By highlighting the criteria that provide the 

greatest information and the least repetition, this combination makes it possible to distribute weights in a 
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more equitable and representational manner. It is particularly helpful in intricate situations with 

interconnected variables and ambiguous factors, like schooling. In neutrosophic settings, CRITIC is 

modified to evaluate truth, indeterminacy, and falsity independently. [24]. 

 

3.2 Probabilistic Inversion and Intercept Adjustment in Neutrosophic Logistic RegressionF 

 

finding the z value that yields an output probability P = 0.72 in the logistic function is the first step in 

ensuring coherence between the mathematical model and the graphical findings obtained (such as the AUC 

value = 0.72 of the ROC curve). This is accomplished by applying the inverse of the sigmoid function, which 

makes it possible to solve z from a known probability value. The natural logarithm of the ratio between the 

required probability and its complement is used mathematically to carry out this operation: 

 𝑃(𝑌 = 1) = 11+𝑒−𝑧      (6) 

 

Step 1: Calculate the value of z that produces 𝑷 = 𝟎. 𝟕𝟐 

We use the inverse of the logistic function (sigmoid): 𝑧 = 𝑙𝑛( 11−𝑃 )       (7) 

 z = ln( 0.721 − 0.72 ) = ln(0.720.28 ) ≈ 0.944 

This result indicates that, for the neutrosophic logistic model to yield a 72% probability of success in a 

specific case, the z-value must be approximately 0.944. This value becomes the benchmark for adjusting 

the model's intercept, thus ensuring that the quantitative analysis is consistent with the graphical 

interpretation of the results 

 

Step 2: Using the input values of the neutrosophic variables: 

 

The simulated input values that correspond to the neutrosophic components T, I, and F of the 

educational variables taken into account in the model are employed in the second stage. These values, 

which are stated in terms of truth, indeterminacy, and falsehood, reflect how students view many aspects 

of the teaching model, including department management, topic relevance, teacher mastery, and 

effectiveness. The partial z-value is computed by substituting these values into the logistic equation, 

excluding the intercept β0. This calculation shows how the various elements affect the prediction of 
effective learning based on the simulated educational environment. In this instance, the outcome was z≈-

0.589, meaning that the combination of perceptions evaluated would not be enough to get a high 

probability if the intercept was not adjusted. This explanation enables us to comprehend the model's 

cumulative weight of the neutrosophic variables before their calibration with the value of 𝛽0. 

                                   
Table 6: Values of the neutrosophic variables 

 

Variable Component Value 

VGDI T 0.6 

VGDI F 0.2 

GPTC I 0.5 
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Variable Component Value 

DCDC T 0.5 

DCDC F 0.2 

EPMEI F 0.3 

EPMEI I 0.4 

 

 

And the associated coefficients of the model: 

 
Table 7: Application of the Model with the Obtained Coefficients 

 

Variable Component Coefficient (β) 
VGDI T 1.01 

VGDI F –2.43 

GPTC I –1.79 

DCDC T 1.36 

DCDC F –2.05 

EPMEI F –2.19 

EPMEI I 1.43 

(interceptor) — β0=estimate 

 

So, for a student x, the applied model would be: z = β0 + β1T ⋅ VGDIT + β1I ⋅ VGDII + β1F ⋅ VGDIF + β2T ⋅ GPTCT + β2I ⋅ GPTCI + β2F ⋅ GPTCF + ⋯ + β6F ⋅EPMEIF           (9) 

Where: 

Si 𝜷𝒋𝑻 > 𝟎: A higher degree of truth in that variable increases the probability of effective learning. 

Si 𝜷𝒋𝑰 < 𝟎: The uncertainty in that variable decreases the probability. 

Si 𝜷𝒋𝑭 > 𝟎: Falsehood may even (in some cases) be positively correlated (although uncommon)). 𝒛(𝑥) = 𝛽0 + 1.01 ⋅ 𝑉𝐺𝐷𝐼𝑇 − 2.43 ⋅ 𝑉𝐺𝐷𝐼𝐹 − 1.79 ⋅ 𝐺𝑃𝑇𝐶𝐼 + 1.36 ⋅ 𝐷𝐶𝐷𝐶𝑇 − 2.05 ⋅ 𝐷𝐶𝐷𝐶𝐹 − 2.19 ⋅ 𝐸𝑃𝑀𝐸𝐼𝐹+ 1.43 ⋅ 𝐸𝑃𝑀𝐸𝐼𝐼        (10) 

 
Table8: Some notable coefficients (interpretation under the neutrosophic approach): 

 

Variable Coefficient Interpretation 

VGDI_T 1.01 
A higher degree of truth in department management 

increases the probability of effective learning. 

VGDI_F –2.43 
Perceived poor management strongly decreases the 

probability of learning. 

GPTC_I –1.79 
Uncertainty about content relevance negatively affects 

learning. 

DCDC_T 1.36 Clear teacher content mastery favors learning. 

DCDC_F –2.05 
If the teacher lacks content mastery, the probability of 

learning decreases. 
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Variable Coefficient Interpretation 

EPMEI_F –2.19 
An ineffective model significantly reduces the probability 

of success. 

EPMEI_I 1.43 
Interestingly, some uncertainty about effectiveness may 

coincide with improvements (possible simulation noise). 

 

Step 3: Calculate the part of z without the intercept. 

 

By substituting the observed T, I, and F values in the database with neutrosophic data for every student, 

this model makes it possible to determine the likelihood that a student would learn English effectively. 

For example, for a student with: 

 𝑽𝑮𝑫𝑰𝑻 = 0.6 𝑽𝑮𝑫𝑰𝑭 = 0.2 𝑮𝑷𝑻𝑪𝑰 = 0.5  𝑫𝑪𝑫𝑪𝑻 = 0.5  𝑫𝑪𝑫𝑪𝑭 = 0.2 𝑬𝑷𝑴𝑬𝑰𝑭 = 0.3 𝑬𝑷𝑴𝑬𝑰𝑰 = 0.4  
 𝒁𝒔𝒊𝒏 𝜷𝟎 = 𝟏. 𝟎𝟏(𝟎. 𝟔) − 𝟐. 𝟒𝟑(𝟎. 𝟐) − 𝟏. 𝟕𝟗(𝟎. 𝟓) + 𝟏. 𝟑𝟔(𝟎. 𝟓) − 𝟐. 𝟎𝟓(𝟎. 𝟐) − 𝟐. 𝟏𝟗(𝟎. 𝟑) + 𝟏. 𝟒𝟑(𝟎. 𝟒)  

          (11) 𝒁𝒔𝒊𝒏 𝜷𝟎 = 𝟎. 𝟔𝟎𝟔 − 𝟎. 𝟒𝟖𝟔 − 𝟎. 𝟖𝟗𝟓 + 𝟎. 𝟔𝟖 − 𝟎. 𝟒𝟏 − 𝟎. 𝟔𝟓𝟕 + 𝟎. 𝟓𝟕𝟐 = −𝟎. 𝟓𝟖𝟗 
 

In the third step, the z value is calculated without yet considering the intercept β0, that is, only based 

on the estimated coefficients of the logistic model and the simulated neutrosophic values for the 

educational variables. This procedure allows us to observe the cumulative effect of the pedagogical factors 

on the prediction of effective learning, isolating the impact of the constant term. By replacing the values: 

   𝟏. 𝟎𝟏(𝟎. 𝟔)  − 𝟐. 𝟒𝟑(𝟎. 𝟐) − 𝟏. 𝟕𝟗(𝟎. 𝟓) + 𝟏. 𝟑𝟔(𝟎. 𝟓) − 𝟐. 𝟎𝟓(𝟎. 𝟐) − 𝟐. 𝟏𝟗(𝟎. 𝟑) + 𝟏. 𝟒𝟑(𝟎. 𝟒),  
 

A result of z = -0.589 is obtained. This negative value suggests that, in its current state, students' 

neutrosophic perceptions do not provide enough positive momentum to the model to generate a high 

probability of success. In other words, without an intercept adjustment, the model would reflect a low 

prediction, highlighting the need to calibrate β0 so that the model's results are consistent with the observed 

empirical and graphical evidence. 

 

Step 4: Solve the intercept β0. 

 

The intercept β0, the constant value that enables the neutrosophic logistic model to be modified such 

that its output corresponds with a certain desired probability, is solved mathematically in the fourth stage. 

It is sufficient to subtract the partial value of z without the intercept (Z_sin β0 = -0.589}) from the required 

value of z to obtain the required intercept value because the value of z needed to generate a probability of 

P = 0.72 (i.e., z = 0.944) is already known. β0 = 0.944 - (-0.589) = 1.534 is the outcome. This process modifies 

the model so that the effective learning probability anticipated by the logistic function aligns with the 

behavior seen in the ROC curve (AUC = 0.72), depending on the values of the variables. Consequently, the 

intercept serves as a crucial calibration component in the statistical model. 

 z = β0 + Zsin β0 ⇒ β0 = z − Zsin β0      (12) 
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𝜷𝟎 = 𝟎. 𝟗𝟒𝟒 − (−𝟎. 𝟓𝟖𝟗) = 𝟏. 𝟓𝟑𝟒 𝜷𝟎 = 𝟏. 𝟓𝟑𝟒 
 

3.3 Discussion of Results: 

 

According to the results of the neutrosophic logistic regression model, truth (T), indeterminacy (I), and 

falsity (F) are relevant components to consider when assessing how well the current teaching model teaches 

pronunciation to A1 students. First, a higher degree of truth in the teacher's topic mastery (DCDC_T) and 

in the Language Department's management (VGDI_T) is found to greatly boost the likelihood of successful 

learning. The necessity of effective academic administration and thorough, contextualized teacher training 

is highlighted by this study. 

On the other hand, the chance of success in the teaching-learning process is considerably decreased by 

negative opinions of institutional administration (VGDI_F), a lack of teaching expertise (DCDC_F), and the 

belief that the teaching model is unsuccessful (EPMEI_F). Curriculum ambiguities may also have a 

detrimental influence on language development, as evidenced by the negative effect of confusion regarding 

the relevance of textual content to the course load (GPTC_I). 

The positive value of uncertainty about the teaching model's efficacy (EPMEI_I) is a startling discovery. 

This could be the result of noise in the simulated data or emergent behavior in adaptive environments. 

When combined, these findings demonstrate how neutrosophic logistic regression offers a strong tool for 

identifying and enhancing pedagogical models in technical higher education by enabling a deeper 

comprehension of the concurrent influence of certainties, ambiguities, and contradictions present in the 

educational environment[27,28]. 

 

3.4 Weights calculated with the CRITIC method. 

 

There are significant variations in the objective importance of each educational variable when the 

CRITIC weights assigned to the neutrosophic components T (truth), I (indeterminacy), and F (falsehood) 

are compared. For instance, several variables, like VGDI and DCDC, stand out with high weights in the T 

component, suggesting that students have a clearer and more solid perception of institutional management 

and instructor mastery. This implies that these elements are crucial in creating a favorable opinion of the 

educational experience. Consequently, the ambiguity or negative impression components give these 

variables less weight, which strengthens their stability in the model. 

On the other hand, factors like GPTC and EPMEI are given more weight in the indeterminacy (I) and 

falsehood (F) components, which indicate a lack of confidence or acceptance of the content's applicability 

and the teaching model's efficacy. Since student perceptions are more contradictory or unclear in these 

areas, this scenario should be seen as a call to examine the curriculum design and the methodology used. 

In this situation, CRITIC analysis is helpful because it can objectively identify the variables that produce 

the most contrast and independence within the evaluated set, precisely directing instructional decisions 

according to the predominant judgment type (positive, uncertain, or negative). 

 
Table 9: Comparison of CRITIC Weights (T, I, F) 

 

Variable T I F 

EPMEI_T 0.2003893 0 0 

VGDI_T 0.1835089 0 0 

DCDC_T 0.17467065 0 0 
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Variable T I F 

CMCER_T 0.17419975 0 0 

COCI_T 0.14827141 0 0 

GPTC_T 0.11896 0 0 

VGDI_I 0 0.23796108 0 

COCI_I 0 0.22786096 0 

DCDC_I 0 0.18094708 0 

EPMEI_I 0 0.12790996 0 

GPTC_I 0 0.12485359 0 

CMCER_I 0 0.10046732 0 

COCI_F 0 0 0.25270025 

EPMEI_F 0 0 0.21283351 

GPTC_F 0 0 0.19860118 

DCDC_F 0 0 0.15436023 

CMCER_F 0 0 0.10376014 

VGDI_F 0 0 0.07774469 

 

The CRITIC weights determined for each neutrosophic component—T for truth, I for indeterminacy, 

and F for falsehood—are shown in the following comparison table. Making distinct judgments based on 

student views is made easier with this comparison, which lets you see which factors have the most objective 

relevance under each dimension. 

Visually we can represent the CRITIC table through the CRITIC Weights graph by Neutrosophic 

Component (T, I, F) 

 
The CRITIC weights for each educational variable are shown in a comparative graph by neutrosophic 

component (T, I, and F). Visual identification of the criteria with the highest objective relevance based on 

the dimension assessed is made possible by this graph. A variable with a high weight in untruth (F), for 

instance, can be a serious worry because of unfavorable student opinions, but one with a high weight in 

indeterminacy (I) indicates uncertainty that has to be addressed pedagogically. This analysis assists in 
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ranking particular interventions according to the type of student assessment. 

 

3.5 Calculation of the ROC Curve. 

 

To assess the prediction effectiveness of the neutrosophic logistic regression model used for A1 students' 

English language learning, the Receiver Operating Characteristic (ROC) curve was computed. Through the 

relationship between the true positive rate and the false positive rate, this curve illustrates how well the 

model can differentiate between pupils who learn effectively and those who don't. In this instance, a good 

degree of discrimination is indicated by the area under the curve (AUC = 0.73), indicating that the model 

operates effectively and consistently. This measure visually confirms the accuracy of the model constructed 

using neutrosophic data. [25]. 

 

 
The neutrosophic logistic model's diagnostic capacity to differentiate between pupils who experienced 

effective learning and those who did not is demonstrated by the ROC curve. An excellent degree of 

classification performance is indicated by an AUC (Area Under the Curve) of roughly 0.72. The model 

outperforms guessing, as indicated by the curve's location above the diagonal reference line, which stands 

for random chance. Several threshold locations show a low false positive rate and a high true positive rate. 

This implies that the model is successful in identifying pupils who are likely to achieve. 

There is still space for improvement, though, as the curve is not nearly ideal (AUC = 1). This constraint 

may be exacerbated by the data's inherent indeterminacy and unpredictability. Choosing the best 

probability threshold to increase forecast accuracy is another task made easier by the ROC curve. All things 

considered; the model shows a consistent capacity to distinguish between the two classes utilizing 

neutrosophic inputs. It demonstrates the importance of truth, falsehood, and indeterminacy aspects in 

simulating educational results. 

 

3.6 Histogram of predicted probabilities 

 

In order to visually distinguish between students who achieved effective learning and those who did 

not, the histogram of projected probabilities was computed to assess the distribution of predictions 

produced by the neutrosophic logistic model. By showing if there is a distinct division between positive 

and negative cases, this graph enables us to assess the model's capacity to assign various probabilities based 

on the real class. While a large overlap may imply predictive weakness, a well-differentiated distribution 

between groups suggests that the model is helpful for classification. The histogram in this study makes it 

easier to visualize how well the model performs in terms of accuracy and consistency with the simulated 

reality. [29]. 
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The effectiveness of the neutrosophic logistic regression model in distinguishing between pupils who 

attained effective learning (label 1) and those who did not (label 0) is demonstrated by the histogram of 

predicted probabilities by class. Students categorized as "Effective Learning = 1" tend to cluster toward the 

right side of the distribution and have higher projected probabilities. 

Conversely, those with the number "0" are concentrated in the lower probability range. This distinction 

suggests that the model's discriminatory ability is strong. As would be predicted given the existence of 

indeterminacy in the data, the overlap between the two distributions points to some degree of 

misclassification or ambiguity. The difference between peaks demonstrates how the model can allocate 

different probabilities according to input factors. Additionally, the contribution of truth (T), indeterminacy 

(I), and falsity (F) components to the prediction is demonstrated. All things considered; the model shows 

promise for successfully identifying pupils who stand to gain from the existing teaching methods. Its 

accuracy might be improved with additional testing and improvement[30,31]. 

 

4. Conclusión 

 

In conclusion, this study showed how the neutrosophic approach, which incorporates truth, 

indeterminacy, and falsity components into important pedagogical variables, may be applied to 

educational analysis through logistic regression. It was feasible to more accurately represent the complexity 

of English learning in A1 pupils by modeling a neutrosophic database and utilizing statistical methods 

including correlation matrices, ROC analysis, and the CRITIC approach. The findings demonstrated that, 

depending on how definite or uncertain they are assessed, elements including teacher competency, 

institutional management, and perception of the teaching model have a major influence. Heatmaps and 

bar charts were used for visualization, making it simple to understand these correlations.  

We suggest using neutrosophic machine learning approaches, extending the investigation to other 

CEFR levels, and applying this model to actual data in future work. Additionally, the efficacy of 

neutrosophic models might be verified by comparing them with classical models. This field of study 

presents a viable strategy for making decisions about schooling in unpredictable situations.  
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Abstrac. Sensory marketing studies how visual, auditory, tactile, olfactory, and gustatory stimuli influence consumer 

decisions, a complex process characterized by contradictions and uncertainties. Previous research has mainly ex-

plored individual senses, leaving a gap regarding the multisensory interactions and their inherent ambiguity. This 

study addresses this issue by proposing a novel methodological approach combining Multineutrosophic Analysis 

with the Additive Ratio Assessment (ARAS) method. The proposed framework captures the subjective complexity 

of sensory experiences, quantifying contradictions and uncertainties typically overlooked by traditional models. 

Findings indicate that visual stimuli initially dominate consumer attraction but lose strength when conflicting sen-

sations, such as unpleasant smells or inappropriate music, appear. The multineutrosophic ARAS approach identifies 

nonlinear patterns and accommodates consumer perceptions within a spectrum of truth, indeterminacy, and false-

hood. Theoretically, this research integrates neutrosophy into sensory marketing, offering practical guidelines to 

design balanced multisensory experiences and minimize contradictions. The results highlight personalization and 

contradiction mitigation as strategic priorities, emphasizing their potential to enhance consumer engagement in com-

petitive markets.

 

Keywords: sensory marketing, multineutrosophic analysis, consumer decision making, uncertainty, contradiction, 

multisensory stimuli, consumer perception, neuromarketing, Multineutrosophic Ensemble, ARAS multineutro-

sophic method.

1 Introduction 

 

In today's era of commercial hypercompetitiveness, sensory marketing stands as a crucial axis to 

comprehend purchasing decisions, where the combination of visual, auditory, tactile, olfactory and gus-

tory stimuli develops complicated and often contradictory perceptions [1]. This area of study becomes 

increasingly important as immersive consumer experiences become more popular, with brands at-

tempting to differentiate themselves through multisensory strategies, yet without solid tools to account 

for the uncertainty involved in human engagement [2]. Recent studies have highlighted that 85% of 

purchasing decisions originate from subconscious processes driven by sensory factors but not many 

models have successfully accounted for the ambiguity and the volatility of these decision processes [3]. 

Sensory marketing is rooted in the pioneering work of Kotler, who for the first time in the seventies 

spoke of "commercial atmosphere" as a differentiating factor [4]. Since then, neuroscience and cognitive 

psychology related disciplines have added to this field by showing how sensory stimuli create emotive 

states and associate memories [5]. However, traditional approaches usually measure each sense sepa-

rately, ignoring synergistic or antagonistic interactions between senses, which diminishes their 
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predictive capacity in real-world settings [6]. Theoretical fragmentation has also continued even with 

the advent of technologies such as augmented reality that drive sensory hybridity at points of sale [7]. 

At the heart of the issue is a lack of methods to quantify the indeterminacy and contradictions that 

arise from competing stimuli vying for the consumer's attention. How do we determine what sensory 

marketing actually means when a pleasant scent can easily be trumped by illumination that is strict, or 

even if ambient music elicits opposing reactions in different segments? This remains unexplored in the 

literature but is critical to consider when designing persuasive experiences. The specified gap is two-

fold: existing models do not provide a scale for the ambiguity between true, false, or indeterminate that 

would be representative of human interactions; and they also do not offer a way to assert priority over 

competing stimuli [8]. There have been findings completed before using Likert scales or factor analysis 

to study sensory experience; however, ultimately these techniques are reductive when addressing the 

complexity associated with multisensory experience by requesting you respond within an imposed cat-

egory or categories [9]. Even recent endless opportunities for these same studies, using artificial intelli-

gence, reject the contradictory preferences, for instance, appreciation for the novelty of innovation along 

with a rejection of the sudden disruption of the well known environment [10]. It is suggested here that 

one might have a new opportunity to collect data through multineutrosophic analysis while using the 

ARAS model to join together sensory preference analysis accounting for ambiguity and contradictions 

through neutrosophy. Unlike most models, this method accepts ambiguity as a natural part of response, 

and can quantify its relationship to generate representations of complicated sensory patterns [11,12]. 

In addition, ARAS provides an objective measure of stimulus ranking identifying those that foster 

consensus, and those that are divisive. The three objectives of this research are: (1) to develop a theoret-

ical and methodological framework that integrates sensory marketing with Neutrosophic to accommo-

date contradictory perceptions; (2) to evaluate empirically, to implement multineutrosophic analysis 

with ARAS, the inter-action of stimuli in retail settings; and (3) to provide actionable recommendations 

that assist brands in delivering multisensory experiences that balance and minimize sensory conflicts. 

The established opportunities obviously established conceptual and methodological innovation, relate 

to real and specific market needs and provide a bridge between theory and practice. 

 

2 Preliminaries  

2.1 MultiNeutrosophic Set 

 

The MultiNeutrosophic Set approach developed below is closely related to the n-alethic perspective 

proposed by Smarandache and Leyva [13,14]. While n-alethics focuses on the coexistence and dynamic 

interaction of multiple logical states beyond the classical binary dialectic, multi-neutrosophic sets pro-

vide a mathematical formalization of such plurality by capturing not only multiple degrees of truth and 

falsehood but also various levels and sources of indeterminacy[15,16]. In this way, the neutrosophic 

framework serves as a fundamental logical and analytical tool for addressing complex phenomena char-

acterized by contradictions and multiple layers of uncertainty[17, 18]. 

Definition 1[18]. The Neutrosophic set 𝑁 It is characterized by three membership functions [13] , 

which are the truth membership function 𝑇𝐴, the indeterminacy membership function 𝐼𝐴, and the falsity 

membership function 𝐹𝐴, where 𝑈is the Universe of Discourse and xU, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0𝐴− , 1+[, 
and 0𝐴−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x) sup𝑇𝐴(x) + sup 𝐼𝐴(x) + sup 𝐹𝐴(x) 3+ [13] . 

Note that, by definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥) , and 𝐹𝐴(𝑥) are standard or non-standard real subsets of ] 0𝐴− , 1+[and hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1]. 0𝐴− and1+ belong to the set of hyper-

real numbers. 

Neutrosophic sets provide a foundation for capturing complex realities involving uncertainty, con-

tradiction, and partial truths, essential for modeling real-world scenarios. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 
Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eluard Alexander Mendoza Zenozain, Rosa María Criollo Delgado, Julio César Vidal Rischmoller. Analysis of Sensory 
Marketing: Exploring Uncertainty and Contradiction in Consumer Decision-Making. A Multineutrosophic Analysis with 
ARAS. 

 

177 

 

Definition 2[20]. The single-valued neutrosophic set (SVNS) 𝐴over 𝑈is 𝐴 =  {< 𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) >: 𝑥𝑈}, where 𝑇𝐴: 𝑈→[0, 1], 𝐼𝐴: 𝑈→[0, 1]and 𝐹𝐴: 𝑈→[0, 1]. 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) 3. 

SVNS was developed with the idea of applying neutrosophic sets for practical purposes. Some op-

erations between SVNN are expressed below : 

Given A 1 = (a 1 , b 1 , c 1 ) and A 2 = (a 2 , b 2 , c 2 ) two SVNN, the sum between A 1 and A 2 is defined as 

: 𝐴1  𝐴2 = (𝑎1 + 𝑎2 − 𝑎1𝑎2, 𝑏1𝑏2, 𝑐1𝑐2) (1) 

Given A 1 = (a 1 , b 1 , c 1 ) and A 2 = (a 2 , b 2 , c 2 ) two SVNNs, the multiplication between A 1 and A 2 is 

defined as: 𝐴1  𝐴2 = (𝑎1𝑎2, 𝑏1+𝑏2 − 𝑏1𝑏2, 𝑐1 + 𝑐2 − 𝑐1𝑐2) (2) 

The product of a positive scalar with a SVNN , A = (a, b, c) is defined as:   𝐴 = (1 − (1 − 𝑎), 𝑏, 𝑐) (3) 

The single-valued neutrosophic number (SVNN) is symbolized by 𝑁 =  (𝑡, 𝑖, 𝑓 ), such that 0 𝑡, 𝑖, 𝑓  1and 0 𝑡 + 𝑖 + 𝑓3. 

MultiNeutrosophic Sets reflect situations where multiple perspectives or experts contribute to the 

assessment, enabling comprehensive and nuanced decision-making. 

Definition 3 [21,22]. The refined neutrosophic set of subsets (SRNS). 

Let 𝒰 a universe of discourse and a set 𝑅 ⊂ 𝒰. Then, a refined neutrosophic subset R is defined as 

follows: 𝑅 = {𝑥, 𝑥(𝑇, 𝐼, 𝐹), 𝑥 ∈ 𝑈},where T is refined/divided into p subtruths, 𝑇 = 〈𝑇1, 𝑇2, … 𝑇𝑝〉, 𝑇𝑗 ⊆ [0,1], 1 ≤𝑗 ≤ 𝑝; I is refined/divided into r subindeterminacies, 𝐼 = 〈𝐼1, 𝐼2, … 𝐼𝑟〉, 𝐼𝑘 ⊆ [0,1], 1 ≤ 𝑘 ≤ 𝑟,and F is re-

fined/divided into s subfalsehoods, 𝐹 = 〈𝐹1, 𝐹2, … 𝐹𝑙〉, 𝐹𝑠 ⊆ [0,1], 1 ≤ 𝑙 ≤ 𝑠, where 𝑝, 𝑟, 𝑠 ≥  0are integers, 

and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥  2to ensure the existence of refinement (divi-

sion). 

Refined neutrosophic sets enhance the analytical power of neutrosophy by subdividing the truth, 

indeterminacy, and falsity components into multiple subcomponents. 

Definition 4 ( [23] ) . The MultiNeutrosophic Set (or MultiNeutrosophic Set Subset SMNS). 

Let 𝒰 a universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 ={𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈, 
where 𝑝 , 𝑟 , 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2 and at least one of them 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2,to ensure the 

existence of multiplicity of at least one neutrosophic component: truth/belonging, indeterminacy or fal-

sity/non-belonging; all subsets𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠  ⊆ [0,1];  0 ≤ ∑ 𝑖𝑛𝑓 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠𝑙=1     

No other restrictions apply to these neutrosophic multicomponents. 𝑇1, 𝑇2, . . . , 𝑇𝑝They are multiplicities of truth, each provided by a different source of information (ex-

pert). 

Similarly, 𝐼1, 𝐼2, . . . , 𝐼𝑟there are multiplicities of indeterminacy, each provided by a different source. 

And 𝐹1, 𝐹2, . . . , 𝐹𝑠they are multiplicities of falsehood, each provided by a different source. 

The Degree of MultiTruth (MultiMembership), also called Multidegree of Truth , of the element x with 

respect to the set M is 𝑇1, 𝑇2, . . . , 𝑇𝑝. 

The Degree of Multi-Indeterminacy (Multi-Neutrality), also called Multidegree of Indeterminacy , of 

the element x with respect to the set M are𝐼1, 𝐼2, . . . , 𝐼𝑟 . 
and the Degree of Multi-Nonmembership, also called Multidegree of Falsehood, of the element x with 

respect to the set M are𝐹1, 𝐹2, . . . , 𝐹𝑠.  
All of these 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2are assigned by n sources (experts) that can be: 

• whether fully independent; 
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• or partially independent and partially dependent; 

• or totally dependent; depending on or as needed for each specific application. 

A generic element x with respect to the MultiNeutrosophic Set A has the form[15]: 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) 
multi-truth multi-indeterminacy multiple falsehood 

In many particular cases 𝑝 =  𝑟 =  𝑠, a source (expert) assigns the three degrees of truth, indetermi-

nacy and falsity 𝑇𝑗, 𝐼𝑗, 𝐹𝑗to the same element. 

MultiNeutrosophic Sets reflect situations where multiple perspectives or experts contribute to the 

assessment, enabling comprehensive and nuanced decision-making. Classification methods provide 

practical tools to evaluate and rank different multineutrosophic tuples based on their combined truth-

fulness and certainty. 

Definition 6 [15,23]. Score Function for Multineutrosophic Tuples: 

The Score Function for evaluating and comparing multineutrosophic tuples is defined using either 

the simple or weighted averages of the truth  (𝑇𝑎), indeterminacy(𝐼𝑎) , and falsity (𝐹𝑎) values, as follows: 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎+(1−𝐼𝑎)+(1−𝐹𝑎)3          (4) 

When sources or experts have different levels of importance, weighted averages are used to integrate 

their evaluations. This approach allows for incorporating expert judgment flexibly, reflecting varying 

degrees of trust or expertise among different sources. 

 

2.2 Multineutrosophic ARAS. 

 

The Additive Ratio Assessment (ARAS)[24] method is a multi-criteria decision-making technique 

that allows selecting the best option from a set of alternatives . In this case, the study establishes among 

its objectives a series of strategic guidelines aimed at improving decision-making in financial analysis. 

To this end, an extension of the traditional method is proposed through multi-neutrosophic set evalua-

tion. Consequently, it is reformulated as the MultiNeutrosophic Set ARAS method to determine the 

complex relative efficiency of each strategic guideline. This involves evaluating each strategic guideline 

through multiple sources (experts) based on the corresponding criteria. By integrating multi-neutral set 

analysis into the ARAS method, the following steps are defined[15]: 

Step 1: Identify multiple sources (experts) for the multi-criteria assessment and assign a weight to 

each expert based on their knowledge and contribution to the financial statement analysis. For this pur-

pose, Saaty’s  eutrosophic AHP method is applied [25] 

Step 2: Determine the importance weights of each criterion in decision-making for each source (ex-

pert). 

Step 3: Construct the decision matrix 𝐿𝑖𝑗(see Figure 1), where the element 𝐿𝑖𝑗represents each strate-

gic guideline (GE) evaluated by multiple sources (experts (Exp.), according to Definitions 5 and 6 of 

Section 2.1) based on an identified criterion © . 

 

[  
   
 𝑙11 𝑙12 … 𝑙1𝑗 … 𝑙1𝑛𝑙21 𝑙22 … 𝑙2𝑗 … 𝑙2𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑖1 𝑙𝑖2 … 𝑙𝑖𝑗 … 𝑙𝑖𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑚1 𝑙𝑚2 … 𝑙𝑚𝑗 … 𝑙𝑚𝑛]  

   
 
 

 

Figure 1: Decision matrix 𝐿𝑖𝑗for the ARAS multineutrosophic method. 

 

Step 4: The normalized decision matrix 𝐿̅𝑖𝑗, considering the beneficial and non-beneficial values, is 
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calculated using equations (10) and (11): 𝐿̅𝑖𝑗 = 𝑙𝑖𝑗∑ 𝑙𝑖𝑗𝑚𝑖=0  (10) 𝐿𝑖𝑗 =  1𝑙𝑖𝑗∗  (11) 

Step 5: The weighted normalized decision matrix is calculated using equation (12). 𝐿̂𝑖𝑗 = 𝐿̅𝑖𝑗 ∙ 𝑊𝑗 (12) 

The weight values 𝑊𝑗are determined using the entropy method. Where j 𝑊𝑗is the weight of criterion 

j and j 𝐿̅𝑖𝑗is the normalized ranking of each criterion. 

Step 6: Calculation of the optimization function 𝑆𝑖using equation (13). 𝐺𝑖 = ∑ 𝐿̂𝑖𝑗𝑛
𝑗=1  (13) 

Where 𝐺𝑖is the value of the optimization function for alternative i . This calculation is directly pro-

portional to the process of the values 𝐿̂𝑖𝑗and weights 𝑊𝑗of the investigated criteria and their relative 

influence on the outcome. 

Step 7: Calculating the degree of utility. This degree is determined by comparing the variant under 

analysis with the best one 𝐺𝑜, according to equation (14). 𝐾𝑖 = 𝐺𝑖𝐺𝑜  (14) 

Where 𝐺𝑖and 𝐺𝑜are the values of the optimization function. These values range from 0 to 100%; 

therefore, the alternative with the highest value 𝐾𝑖is the best of the alternatives analyzed. 

 

2.3 Sensory Marketing. 

 

Sensory marketing[26] has revolutionized the way brands connect with consumers, transcending 

the traditional approach based on functional characteristics to immerse itself in the realm of emotional 

and multisensory experiences. This evolution is no coincidence: studies show that 75% of product per-

ceptions are formed through non-verbal stimuli, where the senses play a determining role [27]. How-

ever, its effective implementation requires overcoming conceptual and methodological challenges that 

persist in the specialized literature. Examining the background, it is evident that the power of sensory 

stimuli lies in their ability to activate implicit memories and deep emotional associations. Ambient mu-

sic, for example, not only influences the time spent in stores but can also alter the perception of product 

value by up to 15% [28]. However, this impact varies dramatically depending on cultural and demo-

graphic factors, a nuance that many commercial strategies overlook by adopting standardized ap-

proaches. This lack of personalization seriously limits the potential of sensory marketing in diverse 

markets. 
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Figure 1. Concept Map of Sensory Marketing: Key Concepts, Challenges, and Future Perspectives 

 

One of the greatest successes of the sensory paradigm lies in its ability to generate differentiation in 

commoditized industries. Companies like Starbucks have demonstrated how the strategic combination 

of aromas, sounds, and textures can turn a routine transaction into a memorable experience [29]. Para-

doxically, this same success has generated a saturation of stimuli in many commercial spaces, where 
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sensory overload ends up producing cognitive fatigue instead of engagement. This counterproductive 

effect reveals the need to balance intensity with coherence. From a neurological perspective, the effec-

tiveness of sensory marketing is explained by its direct access to the limbic system, bypassing the ra-

tional filters that usually block conventional advertising messages [30]. This advantage, however, raises 

ethical questions when used to subliminally manipulate behavior, particularly in vulnerable groups. 

The industry thus faces a dilemma: the greater the sophistication of these techniques, the more urgent 

it becomes to establish regulatory frameworks that protect consumer autonomy without stifling inno-

vation. 

An analysis of success stories reveals common patterns but also valuable caveats. Fragrances asso-

ciated with positive memories increase impulse sales, as demonstrated by the BreadTalk bakery chain 

when it incorporated oven-baked aromas into its stores [31]. However, when these olfactory stimuli do 

not match the actual quality of the product—as was the case with certain coffee shops that used artificial 

aromas—the result is an irreversible loss of trust. This duality confirms that sensory elements must 

reinforce, never replace, the authenticity of the value proposition. Technically, measuring sensory im-

pact continues to present significant limitations. While laboratory studies allow controlling isolated var-

iables, their ecological validity is questionable given the complexity of real-life commercial environ-

ments. Advances such as immersive virtual reality offer new possibilities but still lack scalability for 

most companies [32]. This methodological gap explains why many implementations rely more on intu-

ition than evidence, wasting opportunities for optimization. Interestingly, the least commercially ex-

ploited sense—touch—shows the greatest synergistic potential when properly combined. Research in 

e-retail shows that detailed tactile descriptions (e.g., "matte surface with rounded edges") can partially 

compensate for the inability to physically touch products, reducing return rates by up to 22% [33]. This 

finding challenges the prevailing assumption that sensory marketing only applies to physical stores, 

opening up innovative avenues for digital commerce. 

At a strategic level, sensory integration poses organizational challenges that go beyond the market-

ing department. From packaging design to staff training, each touchpoint requires cross-functional co-

ordination that many business structures are ill-equipped to manage. Leading companies in this field 

share a key characteristic: they have made the sensory experience a guiding principle that aligns all 

areas, not an isolated tactic. This holistic coherence marks the difference between one-off initiatives and 

true, sustainable competitive advantages. Looking to the future, sensory marketing faces two simulta-

neous revolutions: on the one hand, the emergence of technologies such as remote haptic stimulation or 

digital gustatory interfaces; on the other, the growing demand for transparency and naturalness in con-

sumer experiences. These seemingly contradictory trends—increased technological sophistication cou-

pled with a return to authenticity—will define the next generation of sensory strategies. Brands that 

manage to reconcile both poles through ethical and human-centered innovations will lead their catego-

ries [34]. 

In conclusion, while sensory marketing represents a paradigmatic advance in the understanding of con-

sumer behavior, its true value emerges when it transcends the superficial to create genuine connections. 

Isolated stimuli generate temporary impact, but coherent multisensory narratives—rooted in authentic-

ity and respect for the consumer—are what build lasting loyalty. This balance between consumer sci-

ence and the art of experience charts the path forward for researchers and practitioners alike. 

 

3. Case study. 

3.1 Impact of Sensory Marketing on Consumer Decision-Making 

 

Sensory marketing uses stimuli (sight, smell, touch, sound, taste) to influence purchasing decisions, 

but these are marked by uncertainty and contradictions. For example, a scent can generate attraction 
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(truth), rejection if perceived as artificial (falsehood), or ambiguity if not associated with the product 

(indeterminacy). Three key aspects are evaluated: 

• Relevance: Stimuli must connect emotionally and align with the brand. 

• Consistency: Coherence between stimuli and expectations strengthens the decision. 

• Adaptability: Adjust stimuli to diverse contexts and improve effectiveness under uncertainty. 

 

Sensory marketing impacts value perception, loyalty, and purchase intent. However, uncertainty 

arises from individual preferences, sensory overload, or inconsistencies (e.g., loud music vs. relaxing 

atmosphere). MultiNeutrosophic models these dynamics, integrating expert judgment and quantitative 

data to optimize strategies. 

 

3.2 Strategic Guidelines: Integration of MultiNeutrosophic in Sensory Marketing 

 

Seven strategic guidelines (LE) are proposed to improve consumer decision-making through sen-

sory marketing, considering uncertainty and contradiction (Table 1). 

 

Table 1: Strategic guidelines for sensory marketing. 

 

No 
Strategic 

Guideline 
Aim Strategies Impact 

LE1 Optimi-

zation of 

multisensory 

stimuli 

Maximize the 

emotional and cog-

nitive impact of the 

combined senses. 

Design integrated ex-

periences (sight, smell, 

touch) tailored to spe-

cific segments. 

Increase consumer 

attraction and reten-

tion in uncertain envi-

ronments. 

LE2 Sensory 

Personaliza-

tion 

Adapting stimuli 

to individual prefer-

ences under uncer-

tainty. 

Use behavioral data 

and surveys to adjust 

scents, sounds, or tex-

tures. 

Improves rele-

vance and reduces 

contradictions in per-

ception. 

LE3 Mana-

ging sensory 

overload 

Avoid rejection 

due to excessive 

stimuli in variable 

contexts. 

Implement moderate 

and adjustable incen-

tives according to the 

environment (physical 

store, online). 

Increases con-

sistency and prevents 

negative reactions. 

LE4 Integra-

tion of expert 

sensory 

judgment 

Combining 

quantitative analysis 

with qualitative ex-

pert experience. 

Involve sensory de-

signers and psycholo-

gists in the evaluation of 

stimuli. 

Reduces uncer-

tainty and improves 

the accuracy of strate-

gies. 

LE5 Dynamic 

response mo-

nitoring 

Adjust strategies 

in real time based on 

consumer reactions. 

Use technologies 

(eye-tracking, sensors) to 

measure responses and 

provide campaign feed-

back. 

Increases adapta-

bility to changes in 

preferences. 

LE6 Mitiga-

tion of sen-

sory contra-

dictions 

Resolving con-

flicts between con-

sumer stimuli and 

expectations. 

Evaluate combina-

tions of stimuli (e.g. 

sweet aroma vs. aggres-

sive music) with mul-

tineutrosophic analysis. 

Strengthens con-

sistency and purchase 

intent. 
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No 
Strategic 

Guideline 
Aim Strategies Impact 

LE7 Innova-

tion in emer-

ging stimuli 

Explore new 

senses (e.g. sensory 

virtual reality) to dif-

ferentiate yourself. 

Incorporate immer-

sive technologies and 

evaluate their impact on 

perception under uncer-

tainty. 

Positions the 

brand as a leader in 

innovative experi-

ences. 

 

3.3 Multineutrosophic ARAS Modeling. Strategic Line Selection 

 

Step 1: Multiple Source (Expert) Selection and Neutrosophic AHP Modeling  

Five experts are selected (Table 2): 

 

Table 2: Multisources for neutrosophic assessment. 

 

Expert Profession 

Exp-1 Sensory Marketing Specialist 

Exp-2 Consumer psychologist 

Exp-3 Experience Designer 

Exp-4 Data Analyst 

Exp-5 Brand Manager 

 

Weights assigned by neutrosophic AHP (Tables 3 and 4): 

 

Table 3: Paired neutrosophic AHP matrix. 

 

Fountain Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 

Exp-1 (0.5,0.5,0.5) (0.7,0.3,0.2) (0.8,0.2,0.1) (0.9,0.1,0.1) (0.6,0.4,0.3) 

Exp-2 (0.3,0.7,0.8) (0.5,0.5,0.5) (0.6,0.4,0.3) (0.7,0.3,0.2) (0.5,0.5,0.4) 

Exp-3 (0.2,0.8,0.9) (0.4,0.6,0.7) (0.5,0.5,0.5) (0.6,0.4,0.3) (0.4,0.6,0.5) 

Exp-4 (0.1,0.9,0.9) (0.3,0.7,0.8) (0.4,0.6,0.7) (0.5,0.5,0.5) (0.3,0.7,0.6) 

Exp-5 (0.4,0.6,0.7) (0.5,0.5,0.6) (0.6,0.4,0.5) (0.7,0.3,0.4) (0.5,0.5,0.5) 

 

Table 4: Consistency analysis. Source: 

 

Fountain A x Weight Weight Eigenvalues 

Exp-1 2.80 0.30 5.12 

Exp-2 2.30 0.25 5.08 

Exp-3 1.90 0.20 5.05 

Exp-4 1.40 0.15 5.03 

Exp-5 0.90 0.10 5.01 

Average Eigenvalue = 5.06, CI = 0.015, RC = 0.013 (consistent) 

 

Step 2: Selection and Evaluation of  

Criteria Criteria and weights (Table 5): 

• C1: Emotional impact (0.30). 

• C2: Sensory coherence (0.25). 
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• C3: Adaptability to context (0.20). 

• C4: Uncertainty reduction (0.15). 

• C5: Brand differentiation (0.10). 

 

Table 5: Multineutrosophic evaluation of criteria. 

 

Criterion ({𝑻𝟏, 𝑻𝟐, 𝑻𝟑}, {𝑰𝟏, 𝑰𝟐}, {𝑭𝟏, 𝑭𝟐, 𝑭𝟑}) (𝑻𝒂, 𝑰𝒂, 𝑭𝒂) Weight Score (S) 

C1 ({0.9,0.8,0.7},{0.2,0.1},{0.3,0.2,0.1}) (0.80,0.15,0.20) 0.30 0.82 

C2 ({0.8,0.7,0.6},{0.3,0.2},{0.4,0.3,0.2}) (0.70,0.25,0.30) 0.25 0.72 

C3 ({0.7,0.6,0.5},{0.4,0.3},{0.5,0.4,0.3}) (0.60,0.35,0.40) 0.20 0.62 

C4 ({0.8,0.7,0.6},{0.2,0.1},{0.3,0.2,0.1}) (0.70,0.15,0.20) 0.15 0.78 

C5 ({0.6,0.5,0.4},{0.3,0.2},{0.4,0.3,0.2}) (0.50,0.25,0.30) 0.10 0.65 

 

Step 3 to 7: Calculation of the Optimization Function GiG_iGi 

Once the importance of both the evaluation criteria and the information sources has been established, 

the multineutrosophic ARAS approach is implemented to assess each strategic guideline. The process 

begins by constructing a multineutrosophic decision matrix, followed by calculating the outcome that 

reflects the relative effectiveness of each guideline in influencing managerial decisions. In this analy-

sis, all criteria were categorized as "Benefit" types for the evaluation of the strategic guidelines. 

 

Table 6: 𝐺𝑖 optimization function. 

  
C1 C2 C3 C4 C5 Gi Ki 

(%) 

Weight 0.30 0.25 0.20 0.15 0.10 
  

LE1 0.050 0.038 0.031 0.027 0.019 0.165 79.33 

LE2 0.058 0.045 0.037 0.031 0.022 0.193 92.79 

LE3 0.037 0.045 0.025 0.023 0.016 0.146 70.19 

LE4 0.044 0.032 0.031 0.027 0.019 0.153 73.56 

LE5 0.050 0.038 0.043 0.023 0.022 0.176 84.62 

LE6 0.050 0.050 0.037 0.031 0.019 0.187 89.90 

LE7 0.044 0.032 0.043 0.023 0.024 0.166 79.81 

G 0 0.058 0.050 0.043 0.031 0.024 0.208 100.00 

 

Based on the multineutrosophic ARAS analysis (Table 6), the most effective strategic guidelines are 

LE2 (Sensory Personalization) and LE6 (Mitigation of Sensory Contradictions), which show the highest 

optimization scores. These findings highlight the importance of adapting stimuli to individual prefer-

ences and resolving perceptual inconsistencies to enhance consumer decision-making under uncer-

tainty.  

 

4. Discussion 

 

The results of the multineutrosophic ARAS method highlight LE2 (Sensory Personalization) as the 

most effective strategy (Ki=92.79%), followed by LE6 (Contradiction Mitigation, Ki=89.90%), and LE5 

(Dynamic Monitoring, Ki=84.62%). This suggests that tailoring stimuli to individual preferences, resolv-

ing contradictions, and adjusting strategies in real time are key to influencing decisions under uncer-

tainty. LE3 (Saturation Management) has the lowest score (Ki=70.19%), indicating a less direct, though 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 
Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eluard Alexander Mendoza Zenozain, Rosa María Criollo Delgado, Julio César Vidal Rischmoller. Analysis of Sensory 
Marketing: Exploring Uncertainty and Contradiction in Consumer Decision-Making. A Multineutrosophic Analysis with 
ARAS. 

 

185 

relevant, impact. 

These findings align with studies that emphasize personalization and sensory consistency as deci-

sive factors in consumer perception. Innovation (LE7) and multisensory optimization (LE1) are also 

valuable, but require a balance to avoid saturation or rejection. 

LE2 leads with its ability to reduce uncertainty and maximize emotional impact through personalized 

stimuli. LE6 excels at resolving contradictions (e.g., scent vs. sound), strengthening coherence. LE5 en-

ables real-time adaptability, crucial in dynamic environments. LE3, although less prioritized, prevents 

negative reactions due to excessive stimuli. 

Based on the results of the multineutrosophic ARAS method, several strategic recommendations can 

be derived to enhance decision-making under uncertainty in sensory marketing. First, personalization 

(LE2) should be prioritized, as tailoring stimuli—such as scents, sounds, and visuals—to individual 

consumer preferences significantly reduces uncertainty and enhances emotional resonance. In parallel, 

maintaining sensory consistency (LE6) is essential to resolve contradictions between different stimuli 

(e.g., mismatches between smell and sound), thus reinforcing the overall coherence of the sensory ex-

perience. Moreover, dynamic monitoring (LE5) must be implemented through real-time data collection 

tools, such as eye-tracking and user feedback systems, to continuously optimize the campaign based on 

environmental and behavioral variables. While innovation (LE7) and multisensory optimization (LE1) 

offer valuable opportunities, their application should be approached with caution to avoid overstimu-

lation or negative responses. Lastly, although saturation management (LE3) scored the lowest, it re-

mains relevant to prevent cognitive fatigue and maintain consumer engagement, especially in environ-

ments prone to sensory overload. 

 

5. Conclusion 

The application of multineutrosophic analysis to ARAS indicated sensory personalization (LE2) is 

the most effective sensory marketing strategy to influence consumer decision under uncertainty and 

contradiction, with a utility value of 92.79%. The results signal that tailoring sensory stimuli (sight, smell, 

touch, sound, taste) to individual tastes diminishes uncertainty and the potential for contradiction 

which amplifies the emotional response to a marketing stimuli, and impacts purchase intent and brand 

commitment. Although sensory contradiction mitigation (LE6) at 89.90% and dynamic response moni-

toring (LE5) at 84.62% were lower than sensory personalization, they were also significant strategies to 

consider as sensory marketing builds the level of coherence among sensory stimuli, while also being 

able to adjust dynamically when in a variable environment. Sensory saturation management (LE3) has 

the least level of impact at 70.19% which is still significant, to avoid negative emotional rejection based 

on sensory over-stimulation. Multisensory stimulus optimization (LE1), expert judgement integration 

(LE4), and emergent stimulus innovation (LE7); scored in-between 79.33%-79.81% which depicts their 

usefulness, although they need to be used in consideration of each other as misalignment or over-influ-

ence may lead to misunderstanding or disinterest. By including MultiNeutrosophic in this analysis, it 

captures consumer perceptions' indecisive quality because it represents the acceptance (truth), rejection 

(false), and ambiguity (indeterminacy) that a consumer's sensory experiences contain. The ARAS 

method is a reliable way to prioritize strategic action in environments of uncertainty, by updating the 

average of the collective evaluations of the experts and the criteria that the expert assessments were 

based upon. While there are no shortages of literature for the successful application of sensory market-

ing, personalization and consistency are the two most common principles of successful sensory market-

ing, and this study contributes to the growing sensibility of personalization in the face of contradictions. 

In summary, personalization and resolving contradictions will be the most important manners that 

companies should prioritize by implementing monitoring and analysis technologies based on multi-
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neutrosophic systems for maximizing consumer decision-making. This not only increases the overall 

efficacy of sensory marketing campaigns but also fortifies brands' resilience to uncertainties, ensuring 

that they can maintain a competitive edge in sustainable market positions. 
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Abstract: This article presents a reflective analysis of the intercultural forum held during the Meeting on Neutrosophy 

and Latin American Worldviews, focusing on the contribution of the Náhuat Indigenous Chair at the Technological 

University of El Salvador. Drawing on philosophical and decolonial frameworks, it explores how the revitalization of 

the Náhuat language serves as both an act of cultural resistance and an epistemological statement. The Chair's 

initiatives—including teacher training, language certification, and community-based educational projects—are 

examined as concrete expressions of intercultural commitment. These efforts are contextualized within a broader 

critique of historical erasure, media manipulation, and social forgetting that have affected Indigenous identities in El 

Salvador. The paper proposes that the dialogue between neutrosophy and Indigenous cosmovisions enables the 

construction of inclusive, pluralistic knowledge systems capable of challenging hegemonic narratives. The integration 

of neutrosophic logic with ancestral worldviews opens pathways for rethinking education, identity, and cultural 

memory from a Global South perspective. 

Keywords: Cultural identity, Náhuat, interculturality, worldview, neutrosophy, epistemology, Indigenous language. 

 

1. Introduction 

Cultural identity constitutes a dynamic and complex process that encompasses both self-recognition 

and acceptance of the diversity of others. According to Edgar Morin [1], human identity represents an 

essential duality: self-consciousness cannot exist without recognition of the other. From this perspective, 

global citizenship becomes possible only when understanding that the unity of the human species must 

not suppress its diversity, and similarly, this diversity must not nullify unity[2]. 

Within this framework, this article presents a significant experience developed by the Náhuat 

Indigenous Chair at the Technological University of El Salvador [3], within the context of the Meeting on 

Neutrosophy and Latin American Worldviews[4]. Through this experience, the aim is to contribute to 

academic and community reflection regarding the importance of rescuing, valuing, and revitalizing 

Indigenous cultural identities, particularly through the Náhuat language and worldview. 

In what follows, the article explores the conceptual foundations of interculturality and otherness, 

emphasizing the historical processes of silencing and identity erasure experienced by Indigenous peoples 

in El Salvador. It then examines the revitalizing role of the Náhuat language as an expression of cultural 

resistance, highlighting the work of the Náhuat Indigenous Chair at the Technological University of El 

Salvador. The article also contextualizes this experience within the broader framework of the Meeting on 

Neutrosophy and Latin American Worldviews, analyzing the symbolic and epistemological significance of 

this event. Finally, it proposes points of convergence between neutrosophic logic and Indigenous 

cosmovisions, suggesting a possible path toward an inclusive, plural, and decolonial epistemology. 
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2. Otherness as the Foundation of Interculturality 

One of the primary consequences of colonization processes has been the systematic denial of indigenous 

identities [5]. In every invasive process, the first objective is to erase native identity and history to impose 

a new narrative with different boundaries and ideologies. Within this dynamic of imposition, assimilation 

processes emerge that generate new forms of otherness, subsequently giving rise to transculturality [6]. 

When transculturality becomes institutionalized, it creates new traditions that, over time, are assumed 

to be original, even serving as the foundation for academic frameworks that invisibilize or distort ancestral 

roots. This situation has had a profound impact in El Salvador, where at least eight generations have grown 

disconnected from their indigenous culture as a result of a deliberate strategy of denial driven by both the 

colonial state and the independence model. 

This process of structural forgetting has been inadequately addressed by disciplines such as 

anthropology, history, psychology, or sociology, leaving many fundamental questions about the 

Salvadoran indigenous past and present unanswered. Social forgetting, in this sense, manifests as the 

inability to evoke and communicate significant events, resulting from systematic censorship exercised by 

those in power who have invisibilized, invalidated, and delegitimized social groups carrying their own 

ethnic identities[7].  

3. Media Invisibilization and Historical Memory 

In this framework of systematic silencing, it is pertinent to revisit the contribution of linguist Noam 

Chomsky[8], who identified various strategies of media manipulation used to invisibilize ethnic social 

groups. One of the most effective is distraction: a technique that consists of diverting public attention from 

structural problems through a constant flow of irrelevant or superficial information[9]. This strategy not 

only minimizes fundamental conflicts but also weakens citizens' critical capacity. 

Faced with this panorama, it is vital to remember that a people's memory resides in the collective 

memory of its daughters and sons. The root of identity is found in this memory woven with stories, 

languages, symbols, sorrows, and hopes. This memory, transformed into history, can only be activated and 

preserved if it is named, transmitted, and resignified. The struggle for true interculturality, then, passes 

through the conscious recovery of that memory, not only to resist forgetting but to reconstitute the social 

fabric broken by centuries of domination. 

4. The Náhuat Language as an Expression of Identity and Resistance 

The Náhuat language, as an ancestral tongue, represents one of the most vibrant expressions of 

Salvadoran cultural identity[10]. Its transmission, historically oral and kinesic, has also included pictorial 

components through pictograms and ideograms. Despite this, its presence today is in a critical state: most 

native speakers are elderly, many facing health problems, and the number of carriers decreases each year. 

While the best-known variant of Náhuat is spoken in Witzapan, it is not the only one. Other 

communities such as Nahuizalco, Tacuba, Izalco, Cuisnahuat, and Panchimalco have also had their 

variants, although many of them are on the verge of disappearance[11]. It is not possible to propose a 

revitalization of the Náhuat language from a single variant, as this would imply a new form of 

homogenization that contradicts the very spirit of interculturality. 
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Figure 1. Children Singing in Náhuat during the Neutrosophy and Latin American Worldviews Encounter. 

 

A group of schoolchildren performs a song in the Náhuat language as part of the cultural program organized 

during the event. This performance is a result of the revitalization efforts led by the Náhuat Indigenous Chair, affiliated 

with the Technological University of El Salvador, highlighting the preservation of indigenous linguistic heritage. 

 

The invisibilization of Náhuat is also manifested in the way it is reduced to the term "Aztequism," 

erroneously assuming that all knowledge linked to Náhuatl comes exclusively from Mexico. This 

perspective limits the recognition of Salvadoran specificities, erasing dialectal differences and disregarding 

the linguistic richness of the territory. 

5. The Náhuat Indigenous Chair at UTEC: Revitalization and Community Commitment 

The Náhuat Indigenous Chair, affiliated with the Technological University of El Salvador, has 

undertaken the mission of promoting the learning, preservation, and dignification of the Náhuat language 

and culture. Based on the principle that there can be no resilience without revaluation and that the dignity 

of Indigenous peoples requires explicit recognition of their knowledge and languages, the Chair has 

developed multiple academic and community initiatives with an intercultural approach[12, 13]. 

Since 2016, Diplomas in Interculturality and Náhuat Language have been conducted for teachers from 

both public and private sectors, as well as members of civil society interested in the language and culture. 

Approximately 120 participants graduated in the first cohort. These diplomas not only promote linguistic 

learning but also invite critical reflection on the state of historical exclusion that has affected the indigenous 

population. 

In collaboration with the Ministry of Education, Science, and Technology since 2022, social projection 

projects have been developed in municipalities with indigenous populations, together with local 

municipalities and educational referents. In these territories, three cohorts of learning circles have been 

formed, articulating the Náhuat language with worldview, ancestral practices, and environmental 

knowledge. These experiences have also allowed addressing regional socio-environmental risks such as 

deforestation, landslides, and seismic vulnerability from an ancestral and territorial perspective. 
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The Chair's work was recognized in October 2019 when UTEC hosted the official launch of UNESCO's 

International Year of Indigenous Languages. Since then, a constant formative effort has been maintained, 

including the design of teaching materials, validation of oral literature records, and teacher training under 

international standards such as the Common European Framework for language learning. 

Additionally, the role of teachers as cultural agents and multipliers has been strengthened. Currently, 

62 teachers are in the process of certification as cultural carriers, with a direct impact on more than 16 school 

centers in the South San Salvador district, including Panchimalco, Rosario de Mora, and Santiago 

Nonualco, benefiting approximately 10,000 students. These educators receive contextualized advice and 

participate in workshops designed to collect educational experiences related to history, orality, school 

signage, poetry, and traditional stories. 

 

6. Meeting on Neutrosophy and Latin American Worldviews: A Necessary Dialogue 

 

On March 21, 2025, within the framework of the Spring Equinox, the Technological University of El 

Salvador hosted the Meeting on Neutrosophy and Latin American Worldviews, an event organized by the 

International Association of Neutrosophic Sciences and the Faculty of Engineering and Applied Sciences 

[4]. 

 

 
 

Figure 2. Intercultural Dialogue during the Meeting on Neutrosophy and Latin American Worldviews. 

 

This image captures a moment of cultural exchange and philosophical reflection during the academic encounter 

focused on the integration of Neutrosophic logic with diverse Latin American cosmovisions. Participants engaged in 

discussions on identity, plurality, and indigenous knowledge systems as part of the broader effort to decolonize 

epistemologies.  
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As part of the program, the intercultural forum Circle of Mesoamerican Indigenous Cultural Identity 

was conducted, in which the Náhuat Indigenous Chair had a prominent participation. 

The activity was inaugurated by the Vice-Rectorate for Research and Social Projection, represented by 

Dr. Noris López Guevara, who emphasized the relevance of the work that the university has been 

developing in the intercultural field. The importance of linking academic endeavors with territories and 

communities that possess ancestral memories, knowledge, and languages was underscored, reaffirming 

the institutional commitment to education with a humanistic, social, and scientific sense. 

The opening ceremony included an indigenous ritual in celebration of the spring equinox, conceived as 

a moment of renewal, reflection, and spiritual connection with nature and cyclical time. This symbolic act 

reinforced the pertinence of articulating ancestral worldviews with new contemporary epistemologies, 

such as neutrosophy. 

 

7. Neutrosophy and Worldviews: Epistemological Convergences 

 

Neutrosophy, developed by epistemologist Florentin Smarandache [14], proposes a form of knowledge 

based on the coexistence of multiple perspectives, where truth is neither absolute nor definitive, but rather 

a dynamic process in constant construction. This theory establishes an equilibrium among the true, the 

false, and the neutral, which allows navigation between contradictions and complexities without 

eliminating any possibility [15]. 

From this logic, the dialogue between neutrosophy and Latin American worldviews becomes not only 

pertinent but also urgent [16]. Indigenous worldviews, deeply rooted in the spiritual, ecological, 

communal, and symbolic dimensions, have been historically devalued by the Western scientific paradigm 

[17,18]. However, these perspectives of the world are not opposed to critical thinking; rather, they expand 

it from other epistemic frameworks that are more integrative and relational[19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Ritual Dance and Indigenous Symbolism during the Neutrosophy and Latin American Worldviews 

Encounter. 
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A traditional dancer performs a ceremonial act invoking ancestral memory and indigenous identity as part of the 

intercultural segment of the forum. The ritual elements in the foreground—gourds, drums, seeds, and sacred objects—
emphasize the connection between knowledge, spirituality, and nature within Latin American cosmovisions. 

 

Both approaches share a holistic understanding of knowledge: neutrosophy opens a space for 

indeterminacy and plurality, while indigenous worldviews integrate nature, language, spirituality, and 

politics as an inseparable whole. This intersection enables the conceptualization of an epistemology from 

the Global South that embraces diversity, revalues ancestral knowledge, and builds bridges between 

historically marginalized knowledge systems and new ways of understanding the world. 

8. Conclusions  

From the Náhuat Indigenous Chair, we reaffirm our academic, ethical, and human commitment to the 

revitalization of the Náhuat language and the revaluation of indigenous cultures. In a context where 

indigenous languages are in critical danger of disappearing, all educational and cultural actions must be 

oriented not only to preserve but to resignify ancestral identities in dialogue with contemporary 

epistemologies. 

The integration of proposals such as neutrosophy with Latin American worldviews offers a hopeful 

path to overcome the dichotomies imposed by hegemonic thinking. This approach not only celebrates 

plurality, but invites the construction of a living, critical, sensitive, and transformative interculturality, 

capable of embracing the dreams and memories of indigenous peoples. 

Thus, from academia, we advocate for the recognition of multiple ways of conceiving, living, narrating, 

and co-creating the world, as a basis for a more inclusive, more just education that is deeply connected 

with our roots and territories. 
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Abstract: The mathematical methods systematically used in social sciences often rely on statistical tools 

like correlation, which may not optimally model social phenomena, frequently described using words. Set 

theory, as proposed by C.C. Ragin, provides a more suitable tool, leveraging set asymmetry to measure set-

theoretic consistency and coverage, which were later generalized to fuzzy sets. Subsequent extensions into 

the neutrosophic field are significant because the underlying binary logic in traditional models often fails 

to capture the complexities and nuances of social realities, such as those found in Afro-Latin American and 

Caribbean cosmovisions that encompass ambiguity and indeterminacy. This paper proposes new, logically 

grounded measures for consistency and coverage, derived naturally from logical operators known as 

neutrosophic R-implications (generalizations of fuzzy R-implications). By explicitly incorporating 

Indeterminacy alongside Truth and Falsity, these new measures gain a deeper theoretical connotation, 

emphasize the logical relationships central to Ragin's methods, and offer tools better aligned with complex, 

non-exclusive realities. 

Keywords: Fuzzy set, single-valued neutrosophic set, set-theoretic consistency, set-theoretic coverage, 

social research, neutrosophic R-implication, Diverse Epistemologies, Afro-Latin American and Caribbean 

cosmovisions 

 

 

1. Introduction 

A critical analysis of the methods used for mathematical modeling in the social sciences appears in the 

works of the social scientist Charles C. Ragin [1]. The author questions the use of statistical correlation as a 

recurring method in research within this field. On the one hand, correlation is not synonymous with 

causality; on the other hand, social sciences are mostly explained by the use of words. Set theory is a more 

appropriate tool for modeling with words when it is compared to correlation; however, the former is not 

sufficiently used. 

This author uses simple and well-known measures to calculate the relationships between sets, these are 

the set-theoretic consistency and set-theoretic coverage [2]. He considers interesting the contrast between 

the symmetry of correlation and the asymmetry of operations with sets. This asymmetry allows us to 

consider the multicausality that can occur in the same outcome. 

Set-theoretic consistency is a measure of the subset of causal conditions concerning the outcome. It 

determines to what degree the same causal conditions cause the same outcome. The other measure is the 

set-theoretic coverage that determines the degree to which an outcome is obtained from a specific causal 

condition or combination of causal conditions. This is interpreted as meaning that the greater the number 
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of causal paths to obtain the same result of an outcome, the lower the numerical value of the theoretical set 

coverage. 

While consistency is a theoretical measure of the relationship between sets, coverage is an empirical 

relationship. Even when the causal relationship between sets is sufficiently consistent, a low coverage value 

makes knowledge about the outcome insignificant, since it occurs under restricted causal conditions 

compared to other outcomes. 

Ragin tested the effectiveness of these measures. Ultimately, all of them are used to obtain IF-THEN 

rules to represent logical cause-effect relationships that are useful for classification or prediction depending 

on the context in which they are applied. IF-THEN rules are also developed in the information systems of 

rough sets [3]. These measures are part of the method called Quality Comparative Analysis (QCA) and its 

extension to the fuzzy field fsQCA, which consists of algorithms with steps defined by Ragin himself [4-7]. 

In another sense, in the first method measures are proposed based on examples expressed in variables 

with dichotomous values for crisp sets. After being criticized, Ragin generalized this idea to the fuzzy case, 

where the variables take values in the interval [0,1]. The importance of the fuzzy set theory to represent 

linguistic values that are characterized by vagueness is well known. Even, L. Zadeh established some 

concepts within fuzzy logic such as the linguistic variable that can take linguistic values rather than 

numerical values, because daily human beings efficiently perform complex calculations with words and 

generally without the need to use numbers [8]. 

More recently these measures were generalized to neutrosophic sets, specifically single-valued 

neutrosophic sets, where each element is assigned a triple of truth values, such that one of them represents 

truthfulness, another indeterminacy, and the third falsehood [9]. The only restriction is that each one must 

be a numerical value in the interval [0,1]. 

This methodological gap concerning formal intervention analysis within existing neutrosophic 

approaches is significant because the underlying Aristotelian binary logic (true/false, either/or) inherent in 

many traditional quantitative and even standard models often fails to adequately capture the nuances of 

complex social realities. Decolonial critiques highlight the need for methodologies engaging with diverse 

epistemologies that operate beyond such binaries [10,11]. Afro-Latin American and Caribbean 

cosmovisions (with notable examples in places like Cuba), for example, forged through the African 

diaspora and complex syncretism, frequently embody perspectives where reality is understood differently. 

They often navigate simultaneous, seemingly contradictory identities (e.g., syncretic deities combining 

Orisha and Saint figures), acknowledge causal influences from an active and often ambiguous spiritual 

realm, and utilize practices like divination that inherently engage with uncertainty[12]. Such worldviews, 

readily accommodating ambiguity, paradox, and multi-valence, resonate strongly not merely with fuzzy 

logic (representing partial truth) but arguably more profoundly with Neutrosophy [13]. As a generalization 

of fuzzy logic, Neutrosophy's framework explicitly incorporates Indeterminacy (I) alongside Truth (T) and 

Falsity (F) [13], offering conceptual tools better aligned with these complex, non-exclusive realities. 

Methodologically, approaches like Neutrosophic Qualitative Comparative Analysis (NQCA) [9] attempt to 

operationalize this by using neutrosophic sets (T, I, F) to represent complex social conditions and 

configurations. 
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Figure 1. Día de Reyes en La Habana, by Víctor Patricio Landaluze (oil on canvas, 51 × 61 cm). This 

19th-century scene captures Afro-Cuban ritual, dance, and syncretism during Epiphany, highlighting colonial social 

hierarchies and cultural hybridization. The painting visually illustrates how Afro-Caribbean worldviews embody 

ambiguity, contradiction, and indeterminacy—core elements aligned with neutrosophic logic and decolonial 

epistemologies. 

 

The measures proposed by Ragin and later in the framework of neutrosophy are set-theist measures. In 

this paper, we introduce other measures that allow us to obtain similar numerical results, but that have a 

logical foundation that comes from classical logic and its extension to fuzzy and neutrosophic logic. Here 

we take into account the close relationship that exists between the concepts of logic and set. For example, 

if A and B are two fuzzy or neutrosophic sets, we can transfer the relationships between them to logic, 

when analyzing the relationship between the propositions 𝑝𝐴(𝑥): ="x is A" and 𝑝𝐵(𝑥): ="x is B" which is 

an equivalent way to the set-theist relationships of x ∈A and x ∈B. On the other hand, the methods proposed 

by Ragin have important logical components in their representation, especially causal ones, since they 

speak of necessary and sufficient relationships. 

For this, we will base ourselves on single-valued neutrosophic sets. From here we can derive valid 

results for fuzzy sets when the triple (T(x),I(x),F(x))∈[0,1]^3 becomes (T(x),0,1-T(x)), or even if it becomes 

(T(x),1-T(x)-F(x),F(x))∈[0,1]^3, T(x)+F(x)≤1 we obtain results in the field of intuitionistic fuzzy sets. 

The idea we follow is to obtain measures based on the R-implications defined by continuous t-norms 

[14]. Exactly, we use the neutrosophic R-implications or n-R-implications which are extensions of the R-

implications to the Neutrosophy framework [15-17]. This idea is in line with what Ragin wanted to obtain 

intuitively as consistency and coverage measures. This is because the n-R-implications are logical operators 

where the concepts of necessity and sufficiency that Ragin talks about are legitimately handled. After all, 

the field of logic is where this makes more sense. Even more, the R-implications were the ones chosen by 

P. Hájek to develop his fuzzy logic theory in the narrow sense, where fuzzy logic is understood as an heir 

to classical mathematical logic and its concepts [14]. The n-R-implications, like the R-implications in fuzzy 

logic, satisfy the residuation condition which is a way of extending the Deduction theorem of bivalent 

classical logic. 

In summary, we can affirm that the consistency and coverage measures that we propose in this article 

to measure the relationships between sets proposed by Ragin for the social sciences, can be replaced by 

others in the field of neutrosophic logic such that the valuations are similar. However, in our case, we will 
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have a logical foundation that will allow us to link Ragin's theory with the theories of the neutrosophic 

logic or single-valued neutrosophic sets. 

To this end, the article is divided according to the following structure; next it is a section of Preliminaries 

where the basic notions of the n-R-implications theory are recalled as well as neutrosophy and set-theoretic 

consistency and set-theoretic coverage according to Ragin. The section called New Measures of Consistency 

and Coverage, allows us to introduce the new proposed measures, their properties are demonstrated and 

an application example is presented. Next, a Discussion section follows. The last section gives the 

conclusions of the article. 

1. Preliminaries 

1.1. Neutrosophic R-Implications 

Given a proposition 𝑝 in the propositional calculus, a Neutrosophic valuation is the triple ([18]): 𝑣𝑁(𝑝) = (𝑡, 𝑖, 𝑓)                                  (1) 

Where, (𝑡, 𝑖, 𝑓) ∈ [0, 1]3 such that 𝑡 is the degree of truthfulness, 𝑖 is the degree of indeterminacy, and 𝑓 is the 

degree of falseness. 

Given 𝑣1 = (𝑡1, 𝑖1, 𝑓1) and 𝑣2 = (𝑡2, 𝑖2, 𝑓2) we have that 𝑣1 ≼𝑁 𝑣2 if and only if: 𝑡1 ≤ 𝑡2,  𝑖1 ≥ 𝑖2, and 𝑓1 ≥ 𝑓2                     (2) 

So, the maximum value of the neutrosophic valuation is (1,0,0) which is denoted by 1̅, and the minimum is (0,1,1) which is denoted by 0̅. 

Definition 1 ([11]). Let 𝑇𝑁: [0, 1]3 × [0, 1]3 → [0, 1]3  be a mapping that satisfies the following conditions ∀𝑥, 𝑦, 𝑧 ∈ [0, 1]3: 

1. 𝑇𝑁(𝑥, 𝑦) = 𝑇𝑁(𝑦, 𝑥) (Commutativity), 

2. 𝑇𝑁(𝑇𝑁(𝑥, 𝑦), 𝑧) = 𝑇𝑁(𝑥, 𝑇𝑁(𝑦, 𝑧)) (Associativity), 

3. 𝑇𝑁(𝑥, 𝑧) ≼𝑁 𝑇𝑁(𝑦, 𝑧) for 𝑥 ≼𝑁 𝑦 (Monotonicity), 

4. 𝑇𝑁(𝑥, 1̅) = 𝑥 (Boundary conditions). 

Then we say that 𝑇𝑁(∙,∙) is a neutrosophic norm or n-norm. 

Definition 2 ([11]).. Let 𝑆𝑁: [0, 1]3 × [0, 1]3 → [0, 1]3  be a mapping that satisfies the following conditions ∀𝑥, 𝑦, 𝑧 ∈ [0, 1]3: 

1. 𝑆𝑁(𝑥, 𝑦) = 𝑆𝑁(𝑦, 𝑥) (Commutativity), 

2. 𝑆𝑁(𝑆𝑁(𝑥, 𝑦), 𝑧) = 𝑆𝑁(𝑥, 𝑆𝑁(𝑦, 𝑧)) (Associativity), 

3. 𝑆𝑁(𝑥, 𝑧) ≼𝑁 𝑆𝑁(𝑦, 𝑧) for 𝑥 ≼𝑁 𝑦 (Monotonicity), 

4. 𝑆𝑁(𝑥, 0̅) = 𝑥 (Boundary conditions). 

Thus, we say that 𝑆𝑁(∙,∙) is a neutrosophic conorm or n- conorm. 

Definition 3 ([11, 15]). A neutrosophic residual implication or n-R-implication is based on an n-norm 𝑇𝑁(𝑥, 𝑦) 

defined with the following equation: 𝑅𝐼𝑁(𝑥, 𝑦) = 𝑠𝑢𝑝{𝑢 ∈ [0, 1]3: 𝑇𝑁(𝑥, 𝑢) ≼𝑁 𝑦}            (3) ∀𝑥, 𝑦 ∈ [0, 1]3. 

Even after reviewing the literature dedicated to defining neutrosophic implicators, there are a few definitions of the 

axiomatic that a neutrosophic implicator must comply with, as indicated in the definition below: 

Definition 4 ([15, 19]). A single-valued neutrosophic implicator (SVN-implicator for short) is an operator IN: [0, 1]3 × [0, 1]3 → [0, 1]3, which satisfies the conditions shown below. ∀𝑥, 𝑥′, 𝑦, 𝑦′ ∈ [0, 1]3 it is fulfilled: 

1. If 𝑥′ ≼𝑁 𝑥, then 𝐼𝑁(𝑥, 𝑦) ≼𝑁 𝐼𝑁(𝑥′, 𝑦), 
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2. If 𝑦 ≼𝑁 𝑦′, then 𝐼𝑁(𝑥, 𝑦) ≼𝑁 𝐼𝑁(𝑥, 𝑦′), 

3. 𝐼𝑁(0̅, 0̅) =  𝐼𝑁(0̅, 1̅) =  𝐼𝑁(1̅, 1̅) = 1̅, 

4. 𝐼𝑁(1̅, 0̅) = 0̅. 

SVN-implicators can satisfy the following properties: 

1. 𝐼𝑁(1̅, 𝑥) = 𝑥 (Neutrality principle), 

2. 𝐼𝑁(𝑥, 𝑥) = 1̅ ∀𝑥 ∈ [0, 1]3 (Identity principle), 

3. 𝐼𝑁(𝑥, 𝑦) = 𝐼𝑁(𝑛𝑁(𝑦), 𝑛𝑁(𝑥)), where 𝑛𝑁(𝑥) = 𝐼𝑁(𝑥, 0̅) is an n-negator (Contrapositivity), 

4. 𝐼𝑁(𝑥, 𝐼𝑁(𝑦, 𝑧)) = 𝐼𝑁(𝑦, 𝐼𝑁(𝑥, 𝑧)) (Interchangeability principle), 

5. 𝑥 ≼𝑁 𝑦 if and only if 𝐼𝑁(𝑥, 𝑦) = 1̅ (Confinement principle), 

6. 𝐼𝑁 is a continuous mapping (Continuity). 

2.2. Set-theoretic consistency and set-theoretic coverage 

Given a variable X representing a causal condition and a variable Y denoting the outcome, let us 

further denote by X𝑖 ∈ [0, 1] the truth value of membership of the i-th case to the fuzzy set X. Similarly, Y𝑖 ∈ [0, 1] is the fuzzy truth value of membership of the i-th case to the outcome Y𝑖. Then the consistency 

of the subset relation is expressed by the following equation ([2]): 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(X𝑖 ≤ Y𝑖) = ∑ 𝑚𝑖𝑛(X𝑖,Y𝑖)∑ X𝑖                (4) 

This measure satisfies that if all the fuzzy truth values of each causal condition are less than or equal to 

the truth values of their corresponding outcomes, then the consistency is maximum equal to 1. If for any 

case its causal truth value slightly exceeds the value of the outcome, then the consistency is slightly less 

than 1. Otherwise, the consistency is less than 1. This is a theoretical measure, Ragin sets a threshold value 

of 0.75 to determine that there is an acceptable degree of consistency, below this threshold the consistency 

should not be considered. 

On the other hand, the coverage measure is defined by Equation 5 ([2]). 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒(X𝑖 ≤ Y𝑖) = ∑ 𝑚𝑖𝑛(X𝑖,Y𝑖)∑ Y𝑖                   (5) 

The formula above is used to calculate the degree to which the same outcome is obtained from different 

causes or causal combinations. Ragin recommends using this measure after realizing that there is a 

sufficient set-theoretic consistency. This is an empirical measure according to Ragin, where a low degree 

of coverage indicates that the probability of predicting the outcome is low since the same result is obtained 

from different causes or combinations of causes. 

This method was generalized to the neutrosophic case in [9], using Neutrosophic Likert Scales. The first 

important definition in the proposed method is that of single-valued neutrosophic set. 

Definition 5 ([9]). Let 𝑈 be a universe of discourse. A single-valued neutrosophic set (SVNS) is defined as 𝑁 = {(𝑥, 𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥)): 𝑥 ∈ 𝑈} , where 𝑇, 𝐼, 𝐹: 𝑈 → [0, 1]  denote the membership functions of 

truthfulness, indeterminacy, and falseness, respectively, such that they satisfy the condition 0 ≤ 𝑇(𝑥) +𝐼(𝑥) + 𝐹(𝑥) ≤ 3. 

In the method the SVNS is converted into a fuzzy set as follows: 

Let 𝐴𝑁 = {(𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈ 𝑈} be a single-valued neutrosophic set, this becomes an equivalent 

fuzzy set by 𝐴𝐹 = {(𝑥, 𝜇𝐴(𝑥)): 𝑥 ∈ 𝑈}, such that: 
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𝜇𝐴(𝑥) = 1 − 0.5(1 − 𝑇𝐴(𝑥) + 𝑚𝑎𝑥 {𝐼𝐴(𝑥), 𝐹𝐴(𝑥)})             (6) 

According to Vázquez et al., 𝜇𝐴(𝑥) is obtained from the measure of similarity between 𝐴𝑁 and (1,0,0) 

([9]). 

After converting the SVNS into a fuzzy set, the SVNN obtained in each case are converted into fuzzy 

truth values by using Equation 6. 

Finally, Ragin's method for fuzzy sets is applied based on Equations 4 and 5. 

2. New Measures of Consistency and Coverage 

A fundamental property that n-R-implicators fulfill is the confinement principle, inherited from fuzzy 

R-implicators. It is known that 𝑥 ≼𝑁 𝑦  is a necessary and sufficient condition of 𝐼𝑁(𝑥, 𝑦) = 1̅  when 𝐼𝑁(𝑥, 𝑦) is an n-R-implication. Also, the n-R-implication operators are defined from inequality as occurs in 

the measures proposed by Ragin, and therefore they are asymmetric relations as well. 

If 𝑥𝑖 is the valuation of the i-th causal condition for the proposition of being 𝑋 and 𝑦𝑖 is the valuation 

corresponding to the proposition of being 𝑌 , then the measures that we propose of neutrosophic 

consistency and coverage are the following: 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝐴𝑣𝑒(𝑥𝑖 ≼𝑁 𝑦𝑖) = 𝑚𝑒𝑎𝑛({𝑥𝑖 ⟹𝑁 𝑦𝑖})                       (7) 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝑀𝑖𝑛(𝑥𝑖 ≼𝑁 𝑦𝑖) =∩𝑁 ({𝑥𝑖 ⟹𝑁 𝑦𝑖})                         (8) 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝐴𝑣𝑒(𝑥𝑖 ≼𝑁 𝑦𝑖) = 𝑚𝑒𝑎𝑛({𝑦𝑖 ⟹𝑁 𝑥𝑖})                         (9) 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑀𝑖𝑛(𝑥𝑖 ≼𝑁 𝑦𝑖) = ∩𝑁 ({𝑦𝑖 ⟹𝑁 𝑥𝑖})                           (10) 

In formulas 7 and 9 the arithmetic mean of the neutrosophic R-implications between a causal condition 

and its outcome is used. In formulas 8 and 10 the following operator is used: (𝑇1, 𝐼1, 𝐹1) ∩𝑁 (𝑇2, 𝐼2, 𝐹2) =  (𝑚𝑖𝑛{𝑇1, 𝑇2}, 𝑚𝑎𝑥{𝐼1, 𝐼2}, 𝑚𝑎𝑥{𝐹1, 𝐹2})                    (11) 

Formulas that use the average combine logical properties with the use of the arithmetic mean as a 

measure of statistical central tendency. Meanwhile, measures that use the intersection between 

neutrosophic valuations are based on a joint measure defined in lattices. ∩𝑁  is defined by 𝑥 ∩𝑁 𝑦 = 𝑥 ∗𝑁 (𝑥 ⟹𝑁 𝑦), where ∗𝑁 is the n-norm and ⟹𝑁 is the neutrosophic R-

implication defined from the n-norm. It is shown that with these components 𝑥 ∩𝑁 𝑦 satisfies Equation 11 

since it is the “meet” operator of the neutrosophic residuated lattice. 
Properties 

1. Every pair (𝑥𝑖, 𝑦𝑖)  satisfies 𝑥𝑖 ≼𝑁 𝑦𝑖  if and only if 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝐴𝑣𝑒(𝑥𝑖 ≼𝑁 𝑦𝑖) =𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝑀𝑖𝑛(𝑥𝑖 ≼𝑁 𝑦𝑖) = 1̅. 

2. Every pair (𝑥𝑖, 𝑦𝑖)  satisfies 𝑦𝑖 ≼𝑁 𝑥𝑖  if and only if 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝐴𝑣𝑒(𝑦𝑖 ≼𝑁 𝑥𝑖) =𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑀𝑖𝑛(𝑦𝑖 ≼𝑁 𝑥𝑖) = 1̅. 

3. If 𝑥𝑖, 𝑦𝑖 ∈ {0̅, 1̅} we have that 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝑀𝑖𝑛(𝑥𝑖 ≼𝑁 𝑦𝑖) = 0̅, if there exists a pair (𝑥𝑖, 𝑦𝑖) such 

that 𝑥𝑖 ⋠ 𝑦𝑖 . Similarly 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑀𝑖𝑛(𝑦𝑖 ≼𝑁 𝑥𝑖) = 0̅ , if there exists a pair (𝑥𝑖, 𝑦𝑖)  such that 𝑦𝑖 ⋠ 𝑥𝑖. 
4. If 𝑥𝑖, 𝑦𝑖 ∈ {0̅, 1̅} we have that 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝐴𝑣𝑒(𝑥𝑖 ≼𝑁 𝑦𝑖) = (𝑚𝑛 , 1 − 𝑚𝑛 , 1 − 𝑚𝑛 ), where 𝑚 is the 

number of pairs that satisfy 𝑥𝑖 ≼𝑁 𝑦𝑖 and 𝑛 is the total number of pairs (𝑥𝑖, 𝑦𝑖). 
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5. Similarly 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝐴𝑣𝑒(𝑦𝑖 ≼𝑁 𝑥𝑖) = (𝑚𝑛 , 1 − 𝑚𝑛 , 1 − 𝑚𝑛 ) , where 𝑚  is the number of pairs 

fulfilling 𝑦𝑖 ≼𝑁 𝑥𝑖 and 𝑛 is the total number of pairs (𝑥𝑖, 𝑦𝑖). 

Proof 

1. Applying the confinement principle in Equations 7 and 8, we obtain the proof. 

2. Equivalently, this proof is obtained from the confinement principle and Equations 9 and 10. 

3. When 𝑥𝑖, 𝑦𝑖 ∈ {0̅, 1̅} emulates the crisp case, we have that if there exists any pair where 𝑥𝑖 =1̅ and 𝑦𝑖 = 0̅, then (𝑥𝑖 ⟹𝑁 𝑦𝑖) = 0̅ and it is enough that there exists such a case for the 

minimum to be 0̅. 

The proof to 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑀𝑖𝑛(𝑦𝑖 ≼𝑁 𝑥𝑖) is equivalent. 

4. 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑁𝐴𝑣𝑒(𝑥𝑖 ≼𝑁 𝑦𝑖)  is the arithmetic mean of 1̅  (when 𝑥𝑖 ≼𝑁 𝑦𝑖 ) and 0̅  (when 𝑥𝑖 ⋠𝑁 𝑦𝑖) which is the proposed formula. 

5. Adapting the same previous steps to 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝐴𝑣𝑒(𝑦𝑖 ≼𝑁 𝑥𝑖) we reach the proposed result.□ 

 

Note also that from the non-increasing property of 𝐼𝑁(𝑥, 𝑦) concerning 𝑥, then the larger is 𝑥 for 𝑦, 

the smaller will be the value of the n-R-implication. This coincides with what is satisfied by the set-theoretic 

measures defined by Ragin. 

The neutrosophic R-implications defined in the literature for valuations (tx, ix, fx) and (ty, iy, fy) are 

obtained as the triples defined below ([11-13]): 

𝑡⟹𝑁𝛱 = {1, 𝑖𝑓 𝑡𝑥 ≤ 𝑡𝑦𝑡𝑦𝑡𝑥 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, 𝑖⟹𝑁𝛱 = {0, 𝑖𝑓 𝑖𝑦 ≤ 𝑖𝑥𝑖𝑦−𝑖𝑥1−𝑖𝑥 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, and 𝑓⟹𝑁𝛱 = {0, 𝑖𝑓 𝑓𝑦 ≤ 𝑓𝑥𝑓𝑦−𝑓𝑥1−𝑓𝑥 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒               (12) 

Called Product. 𝑡⟹𝑁𝐺 = {1, 𝑖𝑓 𝑡𝑥 ≤ 𝑡𝑦𝑡𝑦, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, 𝑖⟹𝑁𝐺 = {0, 𝑖𝑓 𝑖𝑦 ≤ 𝑖𝑥𝑖𝑦, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, and 𝑓⟹𝑁𝐺 = {0, 𝑖𝑓 𝑓𝑦 ≤ 𝑓𝑥𝑓𝑦 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                    (13) 

Called Gödel's. 𝑡⟹𝑁𝐿 = {1, 𝑖𝑓 𝑡𝑥 ≤ 𝑡𝑦1 − 𝑡𝑥 + 𝑡𝑦, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, 𝑖⟹𝑁𝐿 = {0, 𝑖𝑓 𝑖𝑦 ≤ 𝑖𝑥𝑖𝑦 − 𝑖𝑥 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, and 𝑓⟹𝑁𝐿 = {0, 𝑖𝑓 𝑓𝑦 ≤ 𝑓𝑥𝑓𝑦 − 𝑓𝑥 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒     (14) 

Called Lukasiewicz's. 

Below we illustrate with an example the use of the proposed measures in solving a real-life problem: 

Example 1 ([9]): 

The defined outcome is the perception of Academic Success (SUCCESS). A Likert scale is developed, 

represented as single-valued neutrosophic sets. The study also considers other variables: Academic 

Resources (RES), Motivation (MOT), and Quality of Teaching (QUAL). A survey was conducted with a 

group of 12 Software Engineering students at the University of Guayaquil (see Table 1). 

Table 1. Survey Data. Taken from [9]. 

Case RES MOT QUAL SUCCESS 

1 (0.9,0.9, 0.2) (0.6, 1, 0.5) (0.3, 0.7, 0.3) (0.8, 0.6, 0.7) 

2 (0.5, 0.5, 0.5) (1,1,1) (0.5,0.2,0.5) (0.6, 0.6, 0.7) 

3 (0.8, 0.7, 0.4) (0.7, 0.9, 0.5) (0.8, 0.5, 0.5) (0.8, 0.5, 0.5) 

4 (1,1,0) (0.8,0.8,0) (1,0.9,0.3) (0.7, 1, 0.9) 
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Case RES MOT QUAL SUCCESS 

5 (1,0.5,0) (1,0.5,1) (1,0.5,1) (0.9, 0.6, 0.1) 

6 (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) 

7 (0.2, 0.5, 0.8) (1,0,0) (0.5, 0.5, 0.5) (0.8, 0.5, 0.2) 

8 (1, 0.9, 0.1) (0.9, 0.9, 0.1) (0.9, 0.9, 0.1) (0.9, 0.9, 0.1) 

9 (1,1,0) (0.8, 0.8, 0) (1,0,0) (0.9, 0, 0) 

10 (0.7, 1, 0.2) (0.9, 0.4, 0) (0.6, 0.9, 0.1) (1,0,0) 

11 (0.4, 0.7, 0.2) (0.3, 0.9, 0.4) (0.8, 0.4, 0.6) (0.4, 0.8, 0.3) 

12 (0.6, 1, 0.6) (0.6, 0.5, 0.2) (0.2, 0.5, 0.7) (1,0,1) 

 

Consistency and coverage calculations for each n-norm and each of the cases are summarized in Tables 

2-4. Note that we retain the notation * to indicate what Ragin calls set intersection, but which in the logical 

context is the conjunction of the causal conditions using ∩𝑁. 

Table 2. The consistency and coverage measures of Equations 7-10 corresponding to the n-R-implication Product are calculated for 

four combinations of causal conditions. 

 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES (0.7, 0.333333, 1.0) (0.940741, 

0.0611111, 

0.276389) 

(0.25, 1.0, 0.75) (0.865278, 

0.345833, 

0.0791667) 

MOT (0.6, 1.0, 1.0) (0.93125, 0.141667, 

0.208333) 

(0.6, 1.0, 1.0) (0.896991, 

0.416667, 0.178571) 

QUAL (0.5, 1.0, 1.0) (0.916667, 

0.197222, 0.235714) 

(0.2, 0.9, 1.0) (0.802778, 0.1375, 

0.158631) 

RES*MOT*QUAL (0.875, 0.2, 1.0) (0.98125, 

0.0166667, 

0.188095) 

(0.2, 1.0, 1.0) (0.731019, 0.525, 

0.281548) 

 

Table 3. The consistency and coverage measures of Equations 7-10 corresponding to Gödel's n-R-implication are calculated for four 

combinations of causal conditions. 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES (0.7, 0.8, 1.0) (0.933333, 

0.166667, 0.35) 

(0.2, 1.0, 0.8) (0.833333, 

0.383333, 

0.0833333) 

MOT (0.6, 1.0, 1.0) (0.916667, 0.175, 

0.233333) 

(0.3, 1.0, 1.0) (0.825, 0.458333, 

0.2) 

QUAL (0.4, 1.0, 1.0) (0.908333, 0.25, 

0.275) 

(0.2, 0.9, 1.0) (0.758333, 0.175, 

0.183333) 

RES*MOT*QUAL (0.7, 0.6, 1.0) (0.966667, 0.05, 

0.216667) 

(0.2, 1.0, 1.0) (0.633333, 

0.566667, 0.3) 
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Table 4. The consistency and coverage measures of Equations 7-10 corresponding to Lukasiewicz's n-R- implication are calculated 

for four combinations of causal conditions. 

 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES (0.7, 0.1, 0.9) (0.941667, 0.025, 

0.191667) 

(0.4, 1.0, 0.6) (0.883333, 

0.291667, 

0.0666667) 

MOT (0.6, 0.5, 0.9) (0.933333, 

0.0666667, 0.175) 

(0.6, 0.8, 0.9) (0.916667, 0.25, 

0.108333) 

QUAL (0.6, 0.4, 0.6) (0.925, 0.0833333, 

0.125) 

(0.2, 0.9, 0.9) (0.825, 0.125, 

0.133333) 

RES*MOT*QUAL (0.9, 0.1, 0.6) (0.983333, 

0.00833333, 

0.0916667) 

(0.2, 1.0, 0.9) (0.775, 0.358333, 

0.191667) 

To convert the elements of Tables 2-4 into fuzzy values we can use Equation 6, resulting in the values 

shown in Tables 5-7. This allows us to compare the results obtained with those appearing in [9]. 

 

Table 5. The consistency and coverage measures of Table 2 are converted into fuzzy for four combinations of causal conditions. 

 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES 0.35 0.8322 0.125 0.75972 

MOT 0.30 0.8614583 0.300 0.74016 

QUAL 0.25 0.8405 0.099 0.82207 

RES*MOT*QUAL 0.4375 0.8966 0.099 0.60301 

 

Table 6. The consistency and coverage measures of Table 3 are converted into fuzzy for four combinations of causal conditions. 

 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES 0.35 0.79166 0.099 0.725 

MOT 0.30 0.84166 0.150 0.683 

QUAL 0.199 0.8166 0.099 0.787499 

RES*MOT*QUAL 0.35 0.875 0.099 0.533 

 

Table 7. The consistency and coverage measures of Table 4 are converted into fuzzy for four combinations of causal conditions. 

 

Conditions tested ConsistencyNMin ConsistencyNAve CoverageNMin CoverageNAve 

RES 0.399 0.875 0.199 0.795833 

MOT 0.35 0.879166 0.35 0.833 

QUAL 0.5 0.899 0.1499 0.845833 

RES*MOT*QUAL 0.6499 0.945833 0.099 0.70833 
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As can be seen, the measurements based on Equations 8 and 10 give lower results than the 

measurements based on Equations 7 and 9. This is due to the use of an n-norm in the former instead of an 

average in the latter. 

In all cases, the consistency of the combination of all causal variables (RES*MOT*QUAL) is greater for 

all operators when compared to the causal variables of a single operator (either RES, MOT, or QUAL). 

While the coverage is lower. 

In Tables 2-4, it can be seen that the proposed method results in neutrosophic values, thus preserving 

accuracy, unlike the method in [9]. These values are feasible to become fuzzy values as seen in Tables 5-7. 

It is also possible to include values that cannot be defined in fuzzy logic or another like intuitionistic fuzzy 

logic, for example (1,1,1), which expresses maximum indeterminacy with maximum contradiction. 

We recommend using the measures based on Equations 8 and 10 in problems where rules with very 

high truth value results are needed. On the other hand, the measures based on Equations 7 and 9 mean that 

the results are acceptable on average, so they are more advisable in this context. 

In summary, measures based on the minimum are recommended for generating rules with high 

qualitative results since their values are high when the worst value of all is high, while rules generated by 

measures based on the arithmetic mean are better when quantitatively significant results are desired since 

high values are obtained even when the values of some individual results are not high. 

Now let us compare the results with those obtained in [9], as seen in Table 8. 

Table 8. Results of the example according to the method used in [9]. 

 

Conditions tested Consistency Raw Coverage Combined 

RES 0.927928 0.730496 0.841773 

MOT 0.903226 0.794326 0.873243 

QUAL 0.903226 0.794326 0.873243 

RES*MOT*QUAL 0.957447 0.638298 0.794931 

 

Table 8 shows that the variables are ordered according to consistency in 𝑅𝐸𝑆 ∗ 𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 ≻ 𝑅𝐸𝑆 ≻𝑀𝑂𝑇 = 𝑄𝑈𝐴𝐿. 

Guided by the ConsistencyNave of Tables 5-7 we have the order relation 𝑅𝐸𝑆 ∗ 𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 ≻ 𝑀𝑂𝑇 ≻𝑄𝑈𝐴𝐿 ≻ 𝑅𝐸𝑆 for the product and Gödel n-R-implications. In the case of Lukasiewicz n-R-implication, this 

is 𝑅𝐸𝑆 ∗ 𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 ≻ 𝑄𝑈𝐴𝐿 ≻ 𝑀𝑂𝑇 ≻ 𝑅𝐸𝑆. 

Regarding the comparison for CoverageNAve in Table 8 it can be seen that: 𝑅𝐸𝑆 ≻ 𝑀𝑂𝑇 = 𝑄𝑈𝐴𝐿 ≻ 𝑅𝐸𝑆 ∗𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 in the method of Leyva et al., while in the proposed method we have: 𝑄𝑈𝐴𝐿 ≻ 𝑅𝐸𝑆 ≻ 𝑀𝑂𝑇 ≻𝑅𝐸𝑆 ∗ 𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 for the product and Gödel n-R-implications. For Lukasiewicz n-R-implication, we have 𝑄𝑈𝐴𝐿 ≻ 𝑀𝑂𝑇 ≻ 𝑅𝐸𝑆 ≻ 𝑅𝐸𝑆 ∗ 𝑀𝑂𝑇 ∗ 𝑄𝑈𝐴𝐿 . In any case, the truth values obtained show a consistency 

greater than 0.79 and coverage of more than 0.5 as a truth value. 

Let us now calculate the results for the * between two variables. For simplicity, we directly state the 

fuzzy values for the measures based on the arithmetic mean, see Tables 9-11. 
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Table 9. ConsistencyNAve and CoverageNAve fuzzified based on product n-R-implication. 

 

Conditions tested ConsistencyNAve CoverageNAve 

RES*MOT 0.89479166 0.63946759 

RES*QUAL 0.86130952 0.71284722 

MOT*QUAL 0.89657738 0.65196759 

RES*MOT*QUAL 0.8966 0.60301 

 

Table 10. ConsistencyNAve and CoverageNAve fuzzified based on Gödel n-R-implication. 

 

Conditions tested ConsistencyNAve CoverageNAve 

RES*MOT 0.875 0.566666 

RES*QUAL 0.84166 0.675 

MOT*QUAL 0.875 0.579166 

RES*MOT*QUAL 0.875 0.533 

 

Table 11. ConsistencyNAve and CoverageNAve fuzzified based on Lukasiewicz n-R-implication. 

 

Conditions tested ConsistencyNAve CoverageNAve 

RES*MOT 0.929166 0.741666 

RES*QUAL 0.916666 0.754166 

MOT*QUAL 0.945833 0.754166 

RES*MOT*QUAL 0.945833 0.70833 

 

Recall that in [9] the result was as shown in Table 12. 

 

Table 12. Consistency and Coverage obtained in [9], for pairwise variable combinations. 

 

Conditions consistency coverage combined 

RES*MOT 0.957895 0.645390 0.799335 

RES*QUAL 0.950000 0.673759 0.812578 

MOT*QUAL 0.960000 0.680851 0.821001 

RES*MOT*QUAL 0.957447 0.638298 0.794931 

 

As can be seen from Table 12, the consistency of RES*MOT*QUAL is slightly lower than the consistency 

of MOT*QUAL and RES*MOT. This is not expected because RES*MOT*QUAL is an intersection of more 

sets, so its value should be lower and the consistency is assumed to be higher. 

If compared with the calculations in Tables 9-11, this is satisfied.□ 

In the software also called fsQCA, Ragin introduces other measures, for example, the one he calls 

coincidence, which he defines by the equation: 
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𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒(X𝑖 ≤ Y𝑖) = ∑ 𝑚𝑖𝑛(X𝑖,Y𝑖)∑ 𝑚𝑎𝑥(X𝑖,Y𝑖)                 (15) 

In this paper, we introduce two new coincidence measures based on the ideas developed here, see 

Equations 16 and 17: 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑚𝑒𝑎𝑛({(𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛) ⇔𝑁 (𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛)})(16) 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑚𝑖𝑛({(𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛) ⇔𝑁 (𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛)}) (17) 

Where 𝑥 ⇔𝑁 𝑦 ≔ (𝑥 ⟹𝑁 𝑦) ∩𝑁 (𝑦 ⟹𝑁 𝑥), it is about the neutrosophic bi-implication. 

Some properties of these measures are as follows: 

Properties 

1. 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑚𝑒𝑎𝑛({(𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛) ⟹𝑁 (𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛)}) and 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑚𝑖𝑛({(𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛) ⟹𝑁 (𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛)}). 

2. If 𝑝(𝑗) is a permutation of the indices {1, 2, ⋯ , 𝑛} then: 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋𝑝(1), 𝑋𝑝(2), ⋯ , 𝑋𝑝(𝑛)) and 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋𝑝(1), 𝑋𝑝(2), ⋯ , 𝑋𝑝(𝑛)). (Symmetry) 

3. 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) ≼𝑁 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛−1) and 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) ≼𝑁 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛−1). (Non-increasing 

monotonicity) 

4. If all 𝑥1, 𝑥2, ⋯ , 𝑥𝑛 ∈ {0̅, 1̅} then: 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = { 1̅, 𝑖𝑓 𝑒𝑣𝑒𝑟𝑦 𝑥𝑖 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑜𝑡ℎ𝑒𝑟  0̅,                                                   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 and 

𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝐴𝑣𝑒(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = (𝑚𝑛 , 1 − 𝑚𝑛 , 1 − 𝑚𝑛 ), where 𝑚 is the number of elements with 

equal evaluations for each case for all variables. 

Proof 

1. Taking into account that 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛 ≼ 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛  then 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛 ⟹𝑁 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛: = 1̅. Considering that the neutrosophic bi-

implication is formed by the neutrosophic conjunction of the n-R-implication in both 

directions, in addition to the neutrosophic conjunction complies with the neutrality principle, 

then the property is proven. 

2. Obvious. 

3. From property 1 and the fact that 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛−1 ≼ 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛  and 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛 ≼ 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛−1 , and the fact that the n-R-implications are 

non- increasing for the first argument and non- decreasing for the second argument, then 

comparing 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛 ⟹𝑁 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛  with 𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛−1 ⟹𝑁 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛−1 we have that the former one is less than 

the last one. Then, applying the min and mean operators for all cases maintains this property. 

4. Applying the confinement principle and taking into account Property 1 the only way it is 

fulfilled 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 1̅  is when 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛 =𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛, it is equivalent to saying that all the elements are equal for all cases. 

When these equalities are fulfilled, coincidence is 1̅ even when the elements are not 1̅ or 0̅. 
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When these are only 1̅  or 0̅  and one is different from the others then 𝑥1 ∩𝑁 𝑥2 ∩𝑁 ⋯ ∩𝑁 𝑥𝑛 ≺𝑥1 ∪𝑁 𝑥2 ∪𝑁 ⋯ ∪𝑁 𝑥𝑛, which implies that 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑁𝑀𝑖𝑛(𝑋1, 𝑋2, ⋯ , 𝑋𝑛) = 0̅. 

On the other hand, if 𝑛 is the total number of cases analyzed, while 𝑚 is the number of cases in which 

all values 𝑥1, 𝑥2, ⋯ , 𝑥𝑛 are equal to each other, then by calculating the average of Equation 17, it is satisfied 

that we have the average of the set containing 𝑚 times 1̅s and 𝑛 − 𝑚 times 0̅s. This is the formula that 

must be demonstrated in point 4 of the proposition.□ 

Example 2. In this example, we calculate the coincidence measure according to Equations 16 and 17 for 

the values in the table in Example 1, concerning the variables RES, MOT, and QUAL. 

 

Table 13. Calculation of coincidence for the three variables RES, MOT, and QUAL. Conjoint neutrosophic results using Equations 

16 and 17 for the three implications, and fuzzyfied results. 

 

Coincidence Equation Neutrosophic Fuzzyfied result 

Set-theist From Ragin - 0.594937 

Based on 𝚷 CoincidenceNMin [0.2, 1.0, 1.0]  0.099999 

CoincidenceNAve [0.6486, 0.6778, 0.413889] 0.485417 

Based on Gödel CoincidenceNMin [0.2, 1.0, 1.0]  0.099999 

CoincidenceNAve [0.6083, 0.69167, 0.46667]  0.458333 

Based on Lukasiewicz CoincidenceNMin [0.2, 1.0, 1.0]  0.099999 

CoincidenceNAve [0.69167, 0.4000, 0.34167] 0.645833 

 

As can be seen from the Table above, the results obtained with min are much stricter than those obtained 

with average. 

3. Discussion 

In the measures proposed so far in this article and taking into account the example studied, the 

effectiveness of calculating consistency, coverage, and coincidence using neutrosophic R-implications is 

demonstrated. From a practical point of view, the measures based on min show results that are too 

restrictive because this operator is too strict concerning the results. While the measures that use the average 

are more in line with what can be expected. 

There are also differences between these measures concerning the type of implication used. Of the three 

of them, Lukasiewicz is more sensitive to changes in values. That is why we recommend it if we want to 

better differentiate different cases. On the other hand, the product and Gödel measures show greater 

robustness and less accuracy. 

The proposed measures are a logical approximation to Ragin's method, so the results should be 

interpreted as truth values. In this article, we work with single-valued neutrosophic numbers and that is 

why more general input values are allowed than with the Ragin fuzzy method. Note in the example that 

the value (1,1,1) was included, which cannot be represented in any extension of fuzzy logic except for 

neutrosophic logic. 

On the other hand, unlike the method proposed in ([9]), in this method, it is possible to perform 

calculations directly with single-valued neutrosophic numbers and the results can be fuzzified for 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 
Erick G. Caballero, Maikel Y. Leyva V, Noel B-Hernández, Florentin S, New measures of consistency and coverage for social 
research based on neutrosophic logic 

208 

representing them with a single numerical value. Furthermore, in the proposed method, unlike the set 

method, the coincidence is never undefined. This can be seen if the coincidence is calculated where the 

values of the sets are all 0, then it is undefined in Ragin's fuzzy method and not in the one proposed here. 

4. Conclusions 

Ragin's creation of the QCA and fuzzy QCA methods, with the ease of using software to perform the 

calculations, established consistency, coverage, and coincidence measures based on set theory. When data 

is in the form of single-valued neutrosophic numbers, a common approach has been to fuzzify them and 

apply the fuzzy QCA method as proposed in [9]. However, this can obscure the inherent indeterminacy. 

This paper addresses a methodological gap by proposing logical, non-set-based measures founded on 

neutrosophic R-implications. This approach is significant because the underlying Aristotelian binary logic 

inherent in many traditional models often fails to capture the nuances of complex social realities, such as 

those found in diverse epistemologies like Afro-Latin American and Caribbean cosmovisions which readily 

accommodate ambiguity, paradox, and multi-valence. Our logical method links several theories, including 

the Deduction theorem implicit in neutrosophic R-implications. We have proven theoretically and 

demonstrated with examples that our proposed measures offer good results, comparable to Ragin's set-

based method. Crucially, the advantage we offer is that operating directly on single-valued neutrosophic 

numbers (incorporating Truth, Indeterminacy, and Falsity) allows calculation with valuations not 

representable in fuzzy logic and, more importantly, provides conceptual tools better aligned with complex, 

non-exclusive realities. Unlike the method in [9], our proposed method is applied directly to single-valued 

neutrosophic numbers, yielding valuations that preserve indeterminacy, thus offering a more adequate 

approach for phenomena where binary or fuzzy representations fall short. 
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Abstract: This study presents a hybrid multi-criteria decision-making (MCDM) model applied to the 

guest selection process in Airbnb-style vacation rentals. The model integrates the PAPRIKA method, 

Analytic Hierarchy Process (AHP), and Neutrosophic TOPSIS to evaluate and rank potential guests based 

on multiple criteria prioritized by experienced property owners. Through the 1000minds software, 

pairwise comparisons were conducted to elicit preferences and derive normalized weights for six key 

criteria, with “review history” emerging as the most influential. These weights were then incorporated 
into classical and neutrosophic TOPSIS evaluations to account for uncertainty, indeterminacy, and 

subjectivity in guest profiles. Results highlight consistent rankings across both approaches, with the 

neutrosophic model providing deeper insight into decision-maker hesitation and risk perception. The 

proposed model demonstrates robustness, transparency, and adaptability for complex service 

environments and can be extended to broader collaborative economy contexts. 

Keywords: Neutrosophic TOPSIS, PAPRIKA method, multi-criteria decision-making, Airbnb, guest 

selection, AHP, sharing economy, uncertainty modeling, decision support system 

 

1. Introduction 

The PAPRIKA method (an acronym for Potentially All Pairwise Rankings of all possible Alternatives), 

developed by Hansen and Ombler, is currently one of the most recognized techniques for supporting multi-

criteria decision-making in a structured, transparent, and efficient manner [1]. This approach is patented 

and has received multiple awards, highlighting its relevance and reliability. 

Specifically, PAPRIKA simplifies the evaluation process by presenting only two criteria at a time, 

allowing individuals to accurately establish their preferences without the cognitive complexity of 

evaluating multiple factors simultaneously. Furthermore, major research organizations, government 

administrations, and commercial users rely on PAPRIKA to solve prioritization problems in areas ranging 

from health and education to staff selection and investment project evaluation. 

In this study, the application of PAPRIKA to the selection of tenants on a vacation rental platform such 

as Airbnb is particularly valuable. Given the growing demand for objective and transparent solutions in 

the sharing economy, the use of a multi-criteria decision-making model supported by PAPRIKA's 

methodological robustness facilitates the identification of fundamental criteria for hosts while promoting 

fairness and consistency in the allocation of slots or reservations. The relevance of this study lies in its 

ability to provide clear methodological guidelines tailored to a real market scenario, contributing to the 

body of knowledge on the adoption of analytical methods in collaborative tourism platforms. 
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Given the small sample size, PAPRIKA [1] is used, as it can determine partial utilities even for a single 

respondent. Both the selected target group and the method employed represent significant contributions 

to the field and reinforce the credibility of the results presented in this study, which is innovative in the 

Airbnb context. While the method has been successfully applied in other areas such as health technologies 

[1-7], it has not been used in the context of tenant selection on a rental platform. 

The objective of this study is to establish a ranking of potential clients for Airbnb accommodation in the 

city of Valencia, Spain, using the PAPRIKA technique (Potentially All Pairwise Rankings of all possible 

Alternatives), from the perspective of property owners, to optimize selection and generate transparent 

criteria for guest acceptance. 

2. Materials and Methods  

This study falls within the applied level, aiming to optimize the guest selection process in Airbnb-style 

accommodations by constructing a ranking based on criteria valued by property owners. Following Supo's 

[8] methodological proposal, the adopted design is observational, analytical, and applied, as it does not 

intervene in the variables but allows for the establishment of hierarchical relationships for decision-making. 

The study population consisted of owners of tourist accommodations in the city of Valencia, Spain, 

during the third quarter of 2024, with an intentional sample selected based on their experience and 

voluntary participation. A rigorous methodological control was applied through the verification of the 

transitive consistency of comparisons, ensuring the internal validity of the model and minimizing study 

variability, as suggested by Supo's [8] scientific approach. 

The study made use of the 1000minds program [15], which applies the PAPRIKA approach and was 

verified in a pilot study conducted within the research setting. According to the scientific methodology 

described by Supo (2024) [8], the entire methodological process was in line with the goal of the study, which 

was to create a priority ranking of possible clients to enable a more effective selection process based on 

objective criteria. 

The PAPRIKA method presents decision-makers with pairwise comparisons of hypothetical 

alternatives, each defined by only two criteria, while other judgments remain constant. This approach 

minimizes cognitive load by focusing on simple "trade-offs" that reflect the relative importance of the 

criteria [1]. After each explicit comparison (whether indicating preference or indifference), PAPRIKA 

leverages transitive consistency to automatically infer additional implicit comparisons, reducing the total 

number of required questions. 

The process continues sequentially and adaptively. Once the phase of two-criteria questions is complete, 

it is possible—if the model's precision requires it—to formulate questions involving three or more criteria 

at once. However, most applications, including cases such as tenant selection in tourist accommodations, 

typically require only the initial level of comparisons to reveal preferences closely aligned with reality. 

Upon completion, a system of equations is solved in which partial scores for each criterion category are 

adjusted to reproduce the declared preferences. The result is an additive model that enables quick 

prioritization of alternatives over time, a crucial factor when managing a continuous flow of tenants or 

reservations for a rental space. [13]. 

2.1. General description of the PAPRIKA Method in this study. 

The PAPRIKA method enabled the derivation of values or scores for each category within the criteria 

comprising the multi-criteria decision model, to rank a set of alternatives. This was achieved by focusing 

on: 

1. The identification and pairwise comparison of alternatives.   

2. Leveraging dominance and transitive consistency to reduce the number of explicit comparisons 

required by decision-makers. 
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In general, the preferences of the decision-maker were represented through systematic pairwise 

comparisons of alternatives that differed in at least two criteria (referred to as "non-dominated pairs"). 

Comparisons that could be logically and transitively inferred were considered "implicit," meaning the 

decision-maker did not need to respond to them directly. Since there were no cases involving a very large 

number of criteria or categories, the method did not require the incorporation of efficient algorithms to 

identify and discard redundant comparisons, minimizing the effort demanded of the decision-maker [1].  

Table 1. PAPRIKA Methodology (Tabular Summary). 

Stage Key Description Example/Note 

1. Model Definition 
- Selection of criteria and categories 

(e.g., a1, a2) 

a2 = category "better" than 

a1 

 - Additive model: sum of partial scores  

2. Non-Dominated Pairs - Generate all possible combinations 
Only compare pairs with 

trade-offs 

 - Discard dominated pairs (one better in 

all aspects) 
 

3. Explicit Comparisons - Start with pairs differing in 2 criteria Reduces cognitive load 

 - Decision-maker indicates 

preference/indifference 
 

4. Implicit Inference - Use transitivity to deduce preferences 
E.g., If X > Y and Y > Z → X > Z 
(without asking) 

 - Discard already resolved pairs  

5. Final Model - Assign scores via linear programming 
Solution may not be unique, 

but ranking is 

 - Respect explicit/implicit preferences  

6. Verification 
- Check consistency with new 

comparisons 

Avoids cyclic preferences 

(e.g., X > Y > Z > X) 

 - Correct inconsistencies  

Tool 1000minds Software Optimizes time and precision 

 - Automates comparisons  

  - Visualizes rankings and weights   

2.2. Application of the Hybrid Model PAPRIKA + AHP + TOPSIS Neutrosophic. 

The current study successfully used a multi-criteria hybrid decision model that included the PAPRIKA, 

AHP, and TOPSIS Neutrosophic methodologies for selecting interviewee profiles in the context of vacation 

assignments. First and foremost, the PAPRIKA component allowed for the establishment of strong 

correlations between the evaluation criteria through peer comparisons, expressed in clearly different 

percentages (for example, Review History at 43.8% and Length of Stay at 6.2%). This procedure implicitly 

incorporates the AHP methodology's foundations since it ensures consistency in the criteria's hierarchical 

organization and validates its relative importance structure.  

Subsequently, the quantitative categories of each criterion were converted into numerical values and 

neutrosophic triplets (T, I, and F), allowing the TOPSIS Neutrosophic approach to be applied. This 

paradigm integrated truth, uncertainty, and falsity into the evaluation of each alternative, capturing not 

just the objective value but also the degree of uncertainty inherent in the evaluators' perceptions. 

Combining these three approaches strengthened the final ranking's accuracy and transparency and 

provided a strong tool for making complex decisions with many criteria and subjective weight. [14]. 
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2.2.1. General definitions 

Let be a set of alternatives (tenant profiles): 𝐴 = {𝑎1, 𝑎2 , . . . , 𝑎𝑚}  
Let a set of criteria be: 𝐶 = {𝑐1, 𝑐2, . . . , 𝑐𝑛}  
For each alternative 𝑎𝑖 and criteria 𝑐j, is assigned: 

• In classic TOPSIS: a numerical value 𝒙𝒊𝒋 ∈ 𝑹 

• In neutrosophic TOPSIS: a neutrosophic triplet 𝑵𝒊𝒋 = (𝑻𝒊𝒋, 𝑰𝒊𝒋, 𝑭𝒊𝒋), with: 𝑻𝒊𝒋, 𝑰𝒊𝒋, 𝑭𝒊𝒋 ∈ [0,1] y 𝑻𝒊𝒋 +𝑰𝒊𝒋 + 𝑭𝒊𝒋≤ 3  

2.2.2. Structure of the Classical Weighted Model (classic TOPSIS). 

A popular multi-criteria decision-making technique is the traditional TOPSIS (Technique for Order 

Preference by Similarity to Ideal answer), which ranks options according to how close they are to an ideal 

answer geometrically. According to this assumption, the optimal option should be the one that is closest to 

the ideal solution and the furthest from the worst.  

TOPSIS offers a transparent and impartial assessment of options by using weighted distances and 

normalizing data. It is appropriate for complicated decision issues in a variety of domains because to its 

simplicity and efficacy. 

a. Normalization of the decision matrix: 

Normalization of the decision matrix in TOPSIS transforms various criteria into a comparable scale, 

typically using vector normalization. This ensures that all criteria, regardless of their original units, 

contribute proportionally to the final decision. 

 𝑟𝑖𝑗 = 𝑥𝑖𝑗 √∑ 𝑥𝑖𝑗2𝑚𝑖=1⁄         (1) 

b. Weighting (if applicable): 

Weighting in TOPSIS involves assigning relative importance to each criterion based on expert 

judgment or decision-maker preferences. These weights adjust the normalized values to reflect the 

significance of each criterion in the overall evaluation. 𝑣𝑖𝑗 = 𝑤𝑗 ⋅ 𝑟𝑖𝑗                      (2) 

 
c. Determine the positive and negative ideal: 

 

In TOPSIS, the positive ideal solution represents the best achievable values for each criterion, while 

the negative ideal solution represents the worst. These ideal points are used as reference anchors to 

measure the distance of each alternative in the decision space. 

• Positive ideal: A+  =  {maxi vij}  

• Negative ideal: 𝑨−  =  {𝒎𝒊𝒏𝒊 𝒗𝒊𝒋}  
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d. Calculate distances: 

 

In this step, the Euclidean distance of each alternative is calculated from both the positive and negative 

ideal solutions. These distances reflect how close or far each alternative is from the optimal and worst 

scenarios, forming the basis for the final ranking. 

 𝐷𝑖+ = √∑ (𝑣𝑖𝑗 − 𝐴𝑗+)2𝑛𝑗=1             (3) 

 𝐷𝑖− = √∑ (𝑣𝑖𝑗 − 𝐴𝑗−)2𝑛𝑗=1             (4) 

e. Calculate the proximity index. 

 

The proximity index in TOPSIS is calculated as the ratio of the distance to the negative ideal over the 

sum of distances to both the positive and negative ideals. This index, ranging from 0 to 1, indicates how 

close each alternative is to the ideal solution—the higher the value, the better the alternative. 

 𝑁𝐶𝑖 = 𝐷𝑖−𝐷𝑖++𝐷𝑖−                      (5) 

2.2.3. Structure of the Weighted Neutrosophic Model (TOPSIS Neutrosófico). 

 

a. Construction of the neutrosophic matrix: 

 

The construction of the neutrosophic matrix involves representing each alternative and criterion using 

a triplet (T, I, F), where T is the degree of truth, I is indeterminacy, and F is falsity. This allows the model 

to incorporate uncertainty and imprecision directly into the decision-making process. 𝑵𝒊𝒋 = (𝑻𝒊𝒋, 𝑰𝒊𝒋, 𝑭𝒊𝒋) for each profile and criterion 

 

b. Determination of the positive and negative neutrosophic ideal: 

 

The positive neutrosophic ideal is formed by selecting the maximum truth (T), and minimum 

indeterminacy (I) and falsity (F) values across all alternatives for each criterion. Conversely, the negative 

neutrosophic ideal uses the minimum T and the maximum I and F, serving as benchmarks for evaluation. 

 

Positive ideal: 𝐴𝐽+ = (𝑚𝑎𝑥 𝑇𝑖𝑗, 𝑚𝑖𝑛 𝐼𝑖𝑗 , 𝑚𝑖𝑛 𝐹𝑖𝑗)           (6) 

 
Negative ideal: 

 𝐴𝐽− = (𝑚𝑖𝑛 𝑇𝑖𝑗, 𝑚𝑎𝑥 𝐼𝑖𝑗 , 𝑚𝑎𝑥 𝐹𝑖𝑗)           (7) 

 
c. Calculation of the neutrosophic Euclidean distance: 

 

The neutrosophic Euclidean distance is calculated by measuring the squared differences between each 

alternative’s (T, I, F) values and those of the ideal solutions. This distance quantifies how far an alternative 

is from the ideal or anti-ideal, incorporating uncertainty into the evaluation 𝑫𝒊+ = √∑ (𝑻𝒊𝒋 −  𝑻𝒋+)𝟐 +  (𝑰𝒊𝒋 −  𝑰𝒋+)𝟐𝒏𝒋=𝟏 +  (𝑭𝒊𝒋 −  𝑭𝒋+)𝟐       (8) 
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 𝑫𝒊− = √∑ (𝑻𝒊𝒋 −  𝑻𝒋−)𝟐 +  (𝑰𝒊𝒋 −  𝑰𝒋−)𝟐𝒏𝒋=𝟏 +  (𝑭𝒊𝒋 −  𝑭𝒋−)𝟐        (9) 

 

d. Neutrosophic closeness index: 𝑁𝐶(𝑁)𝑖 = 𝐷𝑖−𝐷𝑖−+ 𝐷𝑖+                (10) 

2.2.4. Using the PAPRIKA Matrix 

Pairwise comparisons based on the decision-maker's assessments can be used to prioritize criteria 

through the usage of the PAPRIKA matrix (Potentially All Pairwise Rankings of all possible Alternatives). 

This matrix creates a consistent and rational weighting system by clearly indicating the relative importance 

of each criterion. It is not necessary to evaluate every potential pair of alternatives in order to arrive at an 

accurate ranking thanks to these iterative comparisons. 

For sound multi-criteria decisions, the model guarantees logical coherence among the conclusions 

reached. The PAPRIKA matrix is also adaptable in situations when criteria are not entirely quantifiable 

because it may be used with both qualitative and ordinal data. Building a strong foundation of weights for 

evaluating options is made possible by its interaction with models like AHP or TOPSIS. 

The PAPRIKA matrix serves as a validation step before quantitative analysis in this regard. By 

documenting every comparison that is done, it also encourages openness in the decision-making process. 

In conclusion, this matrix uses a methodical and repeatable methodology to reinforce the model's subjective 

base. 

 

2.2.5. Interpretation of the final ranking 

Tenant profiles were compared and prioritized based on several factors important to owners of vacation 

rentals, thanks to the combined use of the traditional TOPSIS model and its neutrosophic version. The 

neutrosophic model added the degrees of uncertainty (I) and discontent (F) connected to each criterion, 

giving the decision-making process a more comprehensive and realistic dimension than the classic model, 

which assessed profiles using direct normalized values. 

It was found that while both methods agreed that tenant 2 was the most similar to the ideal profile, the 

other profiles' proximity ratings differed when taking into account the uncertainty included in subjective 

categories like "communication" and "flexibility." This shows that the neutrosophic approach considers 

skepticism or inconsistencies in the evaluators' perceptions in addition to quantifying performance. Thus, 

the neutrosophic index offers a more contextualized and flexible metric for choosing the ideal tenant.  
This method works particularly well in tourism settings when host preferences and experiences might 

differ greatly. As a result, using both models together improves the selection process's validity and enables 

better decision-making. By clearly stating the level of certainty and imprecision in each assessment, it also 

promotes transparency. 

 

3. Results  

This section presents the evaluation criteria used to rate possible renters, the relative weights given to 

each criterion, and the ranking of the alternatives that were examined. The ultimate preference order is also 

explained, along with a description of each tenant's results. The PAPRIKA methodology, which required 

pairwise assessments of alternatives depending on the specified criteria, was used to create all of the data 

using an additive model. 
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3.1. Adaptation of the hybrid model to the PAPRIKA table 

1. Criteria and Weights (𝑾𝒋) 
Important parameters that represent hosts' interests when choosing visitors were developed to 

accurately assess tenant profiles. The PAPRIKA approach, which is based on pairwise comparisons, was 

used to weight each criterion. This allowed proportional weights to be assigned according to their 

importance. The list of criteria and their corresponding normalized weights is provided below: 

 

Table 2. Adaptation of the hybrid model to the paprika table. 

 

Criterion Abbrev. Weight (%) 
Normalized Weight 

(Wj) 

1. Review History RH 43.8 0.438 

2. Communication COM 20.5 0.205 

3. Flexibility FLEX 12.5 0.125 

4. Number of Guests GUEST 9.7 0.097 

5. Purpose PURP 7.4 0.074 

6. Length of Stay LOS 6.2 0.062 

 

The findings show a distinct hierarchy in the significance of the evaluation factors for visitors. With an 

impressive weight of 43.8%, the Review History (RH) criterion shows that hosts give careful consideration 

to previous visitors' experiences when making judgments. Communication (20.5%) and Flexibility (12.5%) 

come next, both of which have a big impact but not as much. 

However, variables like the number of guests, the purpose, and most importantly, the length of stay, 

have a far lower weight, indicating that they are viewed as secondary. A strong decision-making model 

that is in line with the actual priorities of people who oversee holiday rentals can be created thanks to this 

weight distribution. 

Case 1: One of the best options is a renter with a stellar record (RH = 5), strong communication skills 

(COM = 2), and a high degree of flexibility (FLEX = 5). The dominant weight of review history (43.8%) 

makes up for any slight shortcomings in communication, notwithstanding its imperfections. This profile 

has a high score, maybe first or second, due to its exceptional performance on the most crucial criterion 

and strong adaptability. 

Case 2: This profile depicts a visitor who has no past experiences or unfavorable reviews (RH = 1), but 

who is highly adaptable (FLEX = 5) and has outstanding communication skills (COM = 3). Their rating is 

the lowest, which drastically lowers their overall score even though they perform exceptionally well in soft 

criteria. As a result, they should receive a medium-low score because hosts place a high value on review 

history. 

Case 3: The visitor goes in a big group (GUEST = 1) and has a passable record (RH = 3), but struggles in 

important areas like communication (COM = 1). Even though they have a good record, their poor 

performance on other factors, particularly communication, breeds mistrust. Because of their substantial 

shortcomings and moderate strengths, they are probably ranked in the middle or lower. 

 

Table 3. Comparison matrix. 

  COM FLEX GUEST PURP LOS 

RH 2.1 3.5 4.5 5.9 7 

 

The row that corresponds to Review History (RH) in the table indicates that this criterion is thought 

to be substantially more significant than the others. For instance, it is worth 5.9 times more than the Purpose 
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of Visit (PURP) and 7 times more than the Length of Stay (LOS). This suggests that when assessing tenants, 

decision-makers give the most weight to review history. The matrix illustrates a distinct hierarchy of 

priorities that serves as the foundation for the multi-criteria model's weight assignment. 

The result obtained in the pairwise comparison matrix reflects that the Review History (RH) criterion 

was systematically rated as more important than the others during the decision-making process. For 

example, RH was determined to be 2.1 times more important than Communication, 3.5 times more than 

Flexibility, and up to 7 times more relevant than Length of Stay. These values emerge from the PAPRIKA 

method, which interprets the evaluator's decisions by comparing combinations of criteria and assigns 

relative weights consistent with those preferences. Thus, the matrix justifies Review History receiving the 

greatest weight (43.8%) in the decision model, as it was perceived as the most determining factor when 

selecting a tenant. This process ensures that the weights faithfully reflect the subjective priorities of the 

decision-maker in a systematic and replicable manner. [9]. 

In conclusion, the hybrid PAPRIKA-TOPSIS classic-TOPSIS neutrosophic model made it possible to 

combine quantitative analysis, expert opinion, and uncertainty management into a single decision-making 

procedure. Through pairwise comparisons, PAPRIKA was able to establish consistent weights, 

strengthening the model's foundation. 

 

3.2. Preferential Valuation by Category. 

Category Preference Rating makes it easier to utilize in multi-criteria decision models by enabling the 

assignment of numeric scores to qualitative levels inside a criterion. Terms like "Good" and "Excellent" are 

converted into numerical values in this table that represent their respective contributions to the decision 

goal. This makes the comparison of options more precise and reliable. 

 

Table 4. Assignment of preferential values and normalized scores. 

Category Weight 
Score 

(0–100) 

Preference 

Value 

Poor 0.438 0 0.00% 

Fair — 38.3 16.80% 

Good — 76.6 33.50% 

Very good — 88.3 38.60% 

Excellent — 100 43.80% 

 

This table summarizes how the qualitative evaluation of a criterion is translated into quantitative values 

within a multi-criteria decision model. Specifically, it allows for assigning an objective score to each 

category within the Review History criterion, facilitating its integration with other numerical criteria. In 

this way, subjective data is transformed into comparable and measurable data.. 

Categories are the various qualitative labels that describe a tenant's performance levels based on the 

Review History criteria. They include terms such as "Poor," "Good," or "Excellent," which represent 

different perceived qualities of previous behavior. These labels form the basis of human judgment, which 

will then be quantified in the model Categories are the various qualitative labels that describe a tenant's 

performance levels based on the Review History criteria. They include terms such as "Poor," "Good," or 

"Excellent," which represent different perceived qualities of previous behavior. These labels form the basis 

of human judgment, which will then be quantified in the model. [16]. 

With a weight of 0.438, Review History accounts for 43.8% of the assessment model's overall value. The 

PAPRIKA approach, which uses pairwise comparisons to assess the relative significance of criteria, 

produced this number. Its size supports the notion that this factor is the most important one when choosing 

tenants. 
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On a scale of 0 to 100, the score given to each category represents its relative importance within the 

criterion. For instance, "Excellent" earns 100 points for being the finest assessment conceivable, while "Poor" 

receives 0 points for being the least desirable choice. The proportional scores for intermediate categories, 

like "Good" or "Very Good," reflect quality gradations. 

This figure indicates the relative contribution of each category to the overall weight of the Review 

History criterion. If a renter receives a rating of "Good," for instance, their contribution to the model is 

33.5% of the 43.8% that the criterion reflects overall. This enables us to precisely determine the impact of 

each qualitative level on the evaluation's outcome. 

This table refines the decision model by detailing the subcriteria or internal categories of the Review 

History criterion, assigning each a quantifiable value. It directly supports the construction of the decision 

matrix used in both classical and neutrosophic TOPSIS, providing essential inputs for analysis. By 

translating qualitative labels such as "Good" or "Excellent" into numerical scores, the model bridges 

subjective judgment and objective evaluation. Furthermore, these scores can be transformed into 

neutrosophic triplets—for instance, a “Good” rating with 76.6 points could correspond to T = 0.76, I = 0.18, 
F = 0.06—allowing the incorporation of uncertainty and imprecision into the decision process. 

 

3.3. Result of the decision model. 

The final ranking of the tenant profiles assessed using a multi-criteria decision model that combines 

weights obtained from the PAPRIKA approach with scores allocated to each qualitative category is shown 

in the following table. The relative importance of each criterion and the degree attained in each were taken 

into consideration while evaluating each tenant based on factors including communication, flexibility, 

review history, and others. 

On a normalized scale of 0 to 100, the Total Score shows the cumulative percentage that each profile 

achieved about the highest value that could be achieved. This method made it possible to transform 

subjective data into equivalent and objective findings. Tenants are ranked from most similar to the ideal 

profile to least favorable. The following describes the order of preference that was determined following 

the analysis. 

Table 5. Ranking Table of Alternatives by Total Score. 

Ranking Tenant Score Total 

1 2 99.10% 

2 1 81.50% 

3 5 73.00% 

4 4 72.40% 

5 3 52.00% 

 

The tenant ranking table is directly linked to the previous tables by showing the consolidated results of 

the multi-criteria decision model. Each tenant was evaluated on various criteria, such as Review History, 

Communication, Flexibility, among others, assigning specific scores based on their performance in each 

category. These scores were multiplied by the corresponding weights for each criterion, previously 

determined using the PAPRIKA method, reflecting the relative importance of each in the decision-making 

process. The sum of these results gave each tenant's Total Score, expressed as a percentage of the maximum 

possible value. For example, a tenant with a "Good" review history (76.6 points) and "Excellent" 

communication (100 points) would have a weighted score calculated as: 

 𝑇𝑜𝑡𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 = (76.6 × 0.438 + 100 × 0.205 + ⋯ ) ÷ 100      (11) 
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To determine the Total Score, this computation is done for every criterion and totaled. As a result, the 

ranking table shows each tenant's relative position based on a thorough and weighted evaluation of their 

attributes, enabling an unbiased comparison of them. 

 

3.3.1. Relationship with qualitative categories. 

 

Scores per category (e.g., “Excellent” = 100.0, “Good” = 76.6, etc.) come from tables like this: 
 

Table 6. Preferential Valuation Table by Category. 

Category Score Preference (%) 

Excellent 100 43.8% (max criterion) 

Good 76.6 33.50% 

Fair 38.3 16.80% 

Poor 0 0.00% 

 

These tables allow the qualitative profiles of tenants to be transformed into quantifiable values, which 

are then weighted and added together. 

 

3.3.2. Relationship with the neutrosophic model. 

 

Despite being based on a classical model, the tenet ranking table can be used as a benchmark for the 

neutrosophic model. In the latter, each alternative's proximity to the ideal profile is represented by a 

closeness index 𝑁𝐶𝑖 ∈ [0,1]which is computed similarly to the Total Score. A more thorough assessment of 

each option is made possible by the neutrosophic model, which adds more dimensions of falsity (F) and 

uncertainty (I). Comparing the two rankings allows one to examine how the ranking of alternatives is 

impacted by the consideration of indeterminacy and falsity, offering a more realistic and nuanced 

perspective in situations where information is lacking or unclear. [17]. 

Below is a comparative graph between the Total Score of the classic model and the Closeness Index (𝑁𝐶𝑖) of the neutrosophic model, also expressed as a percentage. You can see that: 

 

Tenant 2 remains the highest-rated tenant in both models. 

 

The relative positions of the other tenants differ slightly, reflecting how uncertainty and ambiguity 

affect the evaluation in the neutrosophic model. 

 

 
 

Figure 1: Comparative Analysis of Classic and Neutrosophic Models Performance Across Five Tenant Cases 
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Tenant 2 ranks closest to the ideal in both approaches, demonstrating the striking congruence between 

the classical and neutrosophic models in choosing the optimal tenant profile. However, notable variations 

in scores are shown when examining the remaining profiles. For instance, Tenant 5 is ranked third in the 

classical model but fifth in the neutrosophic model, indicating that there is more ambiguity or perceived 

risk in his score. 

This happens because the neutrosophic model takes into account the associated uncertainty (U) and 

falsehood (F) in addition to the absolute value of each category. Therefore, when taking these diffuse 

elements into account, profiles like those of Tenants 3 and 4, who in the classical model receive average 

ratings, show more diversity. Thus, the neutrosophic model enables a more thorough and accurate 

assessment, which is particularly helpful when the criteria include subjective assessments. This method 

promotes increased decision-making transparency and lessens bias. As a result, integrating both models 

enhances the final selection's quality and the ranking's resilience. 

4. Discussion 

This study provides evidence regarding the utility and effectiveness of the PAPRIKA method as a tool 

to support complex decision-making in applied contexts, specifically in the selection of guests for Airbnb-

style tourist accommodations. The results show that the criterion "review history" is significantly more 

valued by property owners compared to other factors, highlighting the importance of the guest's prior 

reputation as a reliable predictor of expected behavior. These findings align with previous studies 

emphasizing how trust generated by past reviews decisively influences multi-criteria decision-making 

[1,4]. 

The importance assigned to the communication criterion, identified as the second most significant, 

reinforces the notion presented in earlier research about the centrality of clarity and promptness in 

communication in contexts requiring high interaction between parties, such as tourist or healthcare services 

[3,5]. In particular, this significance could be explained by the owner's need to maintain an efficient and 

clear communication flow, ensuring proper accommodation management and reducing potential conflicts 

during the guest’s stay. 

The lower weighting given to flexibility, number of guests, purpose of the visit, and length of stay 

suggests that although these factors do influence the owner’s perception, they are considered less critical 
compared to those directly related to risk perception (previous reviews) and immediate operational 

management (effective communication). This hierarchy is consistent with findings reported by [2,6], who 

conclude that in complex decision-making scenarios, attribute prioritization tends to favor criteria related 

to risk minimization and predictability maximization. 

This research also confirms the relevance of PAPRIKA for applications beyond the healthcare or 

technological fields, as demonstrated by [1], extending its applicability to commercial and tourist service 

environments. Similar to studies conducted in clinical and health technology evaluation contexts [4,7], 

PAPRIKA has demonstrated its ability to simplify the decision-maker's cognitive task through 

straightforward comparisons and logical transitivity, producing robust and consistent results with reduced 

effort. 
However, it is important to note that while the PAPRIKA method significantly facilitates subjective 

evaluation of multiple criteria, it still inherently depends on the quality of the decision-maker’s judgment 
and the clarity of the criteria and categories initially defined. Consequently, future studies should assess 

the effect of different decision-making profiles, contrasting how various groups of property owners 

prioritize these criteria depending on specific contexts, such as the accommodation’s location, market type, 

or the socio-economic profile of the target guest. 
Additionally, it is acknowledged that in applications with numerous criteria or categories, the number 

of required comparisons may increase, potentially affecting the evaluator’s interest or concentration. 

Nevertheless, the adaptive design of the PAPRIKA method, coupled with its ability to infer implicit 
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comparisons, largely mitigates this limitation, enabling completion of the decision-making process with a 

reduced number of explicit trade-offs. 
According to a recent comparative analysis of pairwise comparison-based multi-criteria methodologies, 

the PAPRIKA method ranks among techniques—such as AHP, ANP, MACBETH, and DEMATEL—that 

stand out for allowing decision-makers to issue qualitative judgments rather than direct numerical 

evaluations, thereby facilitating the natural expression of preferences in everyday contexts [10]. This 

feature is particularly beneficial in the present study, as it reduces the cognitive burden during the 

evaluation of alternatives by property owners. 
The application of the PAPRIKA method in diverse contexts has demonstrated its adaptability to 

complex problems requiring robust multi-criteria decisions sensitive to environmental conditions. For 

instance, [11],  integrated PAPRIKA with neutrosophic logic and geographic information systems (GIS) to 

mitigate landslide risks in Egypt, prioritizing geospatial criteria under conditions of high uncertainty. 
In contrast, the present study applies the same methodology to a completely different context: the 

selection of tenants for tourist accommodations. Nevertheless, in both cases, PAPRIKA facilitates a 

coherent hierarchical structuring of criteria, promotes transparency in decision-making, and allows 

adaptation of the model to the real preferences of decision-makers. This versatility, evidenced both in 

complex geospatial environments and in everyday real estate decision-making, reaffirms the value of 

PAPRIKA as a flexible and scientifically rigorous methodological tool. 
Undoubtedly, the applicability of the PAPRIKA method has been validated in scenarios of high 

complexity and urgency, as evidenced by its use in prioritizing COVID-19 vaccination in contexts of 

scarcity, where it was integrated into a neutrosophic multi-criteria decision model to weigh multiple 

criteria under conditions of uncertainty [12]. In that study, PAPRIKA was rigorously employed to 

determine which population groups should be prioritized for vaccine administration, considering medical, 

social, and logistical factors. 
Although the present study focuses on guest selection for tourist accommodations, both studies share 

the necessity of establishing decision hierarchies based on explicit and verifiable preferences. This 

demonstrates the method’s capacity to adapt to different domains while maintaining logical coherence and 

efficiency in decision-making. 
Lastly, it would be advisable to explore guest perceptions regarding these same criteria to complement 

the decision model and further enhance the efficiency of the selection process and mutual satisfaction in 

this type of tourist service. Such approaches could significantly enrich the understanding and practical 

application of the PAPRIKA method in increasingly diverse and dynamic contexts. 

5. Conclusions  

This study demonstrates the feasibility of the PAPRIKA method as a robust and effective tool for multi-

criteria decision-making in unconventional contexts, such as the selection of tenants on tourist 

accommodation platforms. Its application allowed the translation of property owners' subjective 

preferences into a structured and quantifiable model, facilitating the objective and justified prioritization 

of candidates. 

The model revealed that trust based on previous experiences, expressed through review history, 

constitutes the primary criterion for hosts when selecting guests. Communication also emerged as a key 

factor, reinforcing the need to establish clear and effective interactions between hosts and travelers. In 

contrast, other aspects such as flexibility, length of stay, or purpose of the trip, although considered, play a 

secondary role in the decision-making process. 

The hybrid integration of PAPRIKA with neutrosophic TOPSIS represents a significant methodological 

advancement in decision-making under uncertainty. By incorporating neutrosophic triplets (T, I, F) into 

the evaluation process, the model successfully captures not only the objective values but also the degrees 

of indeterminacy and falsity associated with each criterion assessment. This neutrosophic dimension 
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provides a more nuanced understanding of decision-maker hesitation and risk perception, particularly 

valuable when dealing with subjective evaluations in collaborative economy contexts. 

The comparative analysis between classical and neutrosophic models revealed consistent rankings for 

the highest-rated alternatives while showing meaningful variations for others. These differences highlight 

how the consideration of uncertainty can impact final decisions, offering property owners a more 

comprehensive evaluation framework that acknowledges the inherent ambiguity in guest selection 

processes. The neutrosophic approach thus enhances the robustness of the decision model by 

accommodating the subjective nature of human judgment in service environments. 

The use of the PAPRIKA method is particularly suitable due to its ability to reduce the cognitive load 

on the decision-maker through simple pairwise comparisons, as well as its adaptive nature, which 

optimizes the number of judgments required to construct a valid model. These methodological benefits, 

previously confirmed in other fields, find new validation here in the realm of personalized tourism services. 

In summary, this research not only provides an innovative application of the PAPRIKA method but also 

demonstrates the value of neutrosophic logic in handling uncertainty within multi-criteria decision 

frameworks. The hybrid model opens new possibilities for decision-making processes where multiple 

criteria are involved, and transparency, consistency, and efficiency are sought in the evaluation of 

alternatives under conditions of imprecision and subjectivity. Its use is recommended in similar scenarios 

and for integration into technological platforms that manage user interactions, such as Airbnb and other 

collaborative economy services. 
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Abstract: This article introduces Neutrosophic Causal AI, a novel framework that integrates neutrosophic 

logic with structural causal models to enhance decision-making under uncertainty. While traditional 

Causal AI is effective at identifying cause-and-effect relationships, it assumes a level of precision rarely 

found in complex, real-world systems. By incorporating degrees of truth (T), indeterminacy (I), and falsity 

(F), Neutrosophic Causal AI extends causal inference to accommodate ambiguity, contradiction, and 

incomplete data. The proposed framework formalizes the neutrosophic do-operator and adapts Judea 

Pearl’s structural causal models to a neutrosophic context, allowing for more nuanced intervention analysis 

and counterfactual reasoning. Through illustrative examples and a simulation-based approach, the article 

demonstrates how this method improves transparency and epistemic robustness in decision systems. 

Special attention is given to applications in Web3 environments, where decentralized governance, smart 

contracts, and autonomous decision-making require high levels of reliability and trust. Neutrosophic 

Causal AI thus emerges as a critical tool for building intelligent systems that reflect the complexity of social 

and digital ecosystems, providing a bridge between computational logic, causal analysis, and real-world 

ambiguity. 

Keywords: Neutrosophic Causal AI; do-operator; uncertainty modeling; causal inference; Web3 

applications. 

 

1. Introduction 

Addressing complex decisions amidst vague and uncertain data necessitates innovative approaches. 

This paper explores the integration of Neutrosophy[1], Causal AI [2], and Web3 [3] technologies. 

Combining Neutrosophy and Causal AI we have Neutrosophic Causal AI, a powerful framework to 

support decision-making. 

Traditional AI, and advanced machine learning methods, such as large language models (LLMs), rely 

primarily on statistical correlations, learning from extensive datasets to make predictions but exhibiting a 

limited ability to identify causal relationships from data [4]. Causal AI, conversely, developed methods to 

identify cause-and-effect relationships from either observational or experimental data [5]. 

Web3 [6,7,8], with its decentralized nature and smart contract automation, demands robust, verifiable 

decision-making. By integrating Neutrosophic Causal AI, we can move beyond mere prediction to 

understand the underlying causal mechanisms, enabling more accurate and reliable outcomes when in 

contexts where data contain indeterminacy and ambiguity. 

Recent research has increasingly sought to bridge causal reasoning with the domain of Neutrosophy. 

While existing approaches like Neutrosophic Cognitive Maps (NCMs) [9, 10] and Neutrosophic Qualitative 

Comparative Analysis (NQCA) [11, 12, 13] offer promising frameworks for modeling complex systems rife 

with indeterminacy and contradiction, they currently lack certain formalisms standard in established 

causal inference. Notably, these methods have not yet incorporated an equivalent to Pearl’s do-calculus[14, 
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15] for rigorous intervention analysis, nor have they explicitly adopted the mathematical underpinnings of 

Structural Causal Models (SCMs)[17, 18, 19]. This gap highlights both a limitation of current neutrosophic 

causal methods in handling formal intervention queries and an opportunity for future work to potentially 

integrate Pearl's well-founded tools to enhance their analytical capabilities. 

This article addresses that gap by approaching the integration of Neutrosophic Logic and Causal AI not 

just as a conceptual fusion, but as a formal modeling problem. We introduce a new formulation—
Neutrosophic Causal AI—which explicitly adapts structural causal models and do-operators to the 

neutrosophic context, providing tools to simulate interventions and estimate causal effects in environments 

characterized by vagueness, inconsistency, and uncertainty. 

The remainder of this paper is structured as follows. Section 2 provides the theoretical foundations of 

Causal AI, including structural causal models, DAGs, and the principles of Pearl’s do-calculus. Section 3 

introduces the concept of Neutrosophic Causal AI, detailing how neutrosophic logic extends traditional 

causal reasoning frameworks. We also define the neutrosophic do-operator and present illustrative 

examples of causal effect estimation using neutrosophic probabilities. Section 4 explores practical 

applications of Neutrosophic Causal AI in Web3 and blockchain environments. Finally, Section 5 

summarizes the key contributions and discusses implications for future research in AI, logic, and 

decentralized systems. 

 

2. Preliminaries 

2.1 Causal AI 

 

Causal Artificial Intelligence (Causal AI) represents a paradigm shift in machine learning, moving 

beyond mere pattern recognition to the understanding of cause-and-effect relationships. As defined by 

Ness [5], Causal AI involves the automation of causal reasoning through machine learning, enabling 

systems to not only predict but also explain outcomes [20]. This automation is crucial for navigating the 

complexity of real-world systems, where understanding the 'why' behind observed phenomena is as 

important as the 'what.' 

Expanding on this, Hurwitz and Thompson [2] characterize Causal AI as both an art and a science, 

emphasizing the intricate analysis of variable relationships to discern relevant causes and effects within a 

system. This perspective highlights the comprehensive approach required to effectively manage and 

understand complex systems. 

We define Causal AI as a systematic approach that seeks to understand cause-and-effect relationships 

from data (experimental or observational) to support decision-making. The systematic approach steps are 

a) problem contextualization, b) causal modeling with graphs (DAGs), and c) quantitative validation of 

causal relationships. 

A key aspect of Causal AI, as underscored by Ness [5], is its reliance on causal inference, which allows 

data scientists to simulate experiments and estimate causal effects from observational data. This is 

particularly significant given that most data, including 'big data,' is observational, not experimental [5]. 

Causal AI thus empowers researchers to extract meaningful causal insights from naturally occurring data, 

bridging the gap between passive observation and active experimentation[21]. 

 

2.2.1 Causal Structural Model 

 

At the core of Causal AI lies the Causal Structural Model (CSM)[16], often represented by Directed 

Acyclic Graphs (DAGs)[22]. These graphical models depict causal relationships between variables, where 

nodes represent variables and directed edges indicate the direction of causality. 

The DAG structure captures the conditional dependencies between variables, enabling the 

representation of causal hypotheses about the system under study[23]. Recognizing structures like 'chain,' 
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'fork,' and 'collider' within these DAGs is crucial, as they dictate how causal information flows and how 

interventions should be analyzed. 

A 'chain' (A → B → C) represents a direct causal flow, a 'fork' (B ← A → C) indicates a common cause 

generating multiple effects, and a 'collider' (A → C ← B) signals a point where multiple causes converge 

on an effect, requiring care to avoid selection biases (Figure 1). 

 

Figure 1. Fundamental Causal Structures. 

The diagrams represent the three basic causal topologies: (1) Chain (direct causal flow A→B→C), (2) 

Fork (common cause B←A→C), and (3) Collider (common effect A→C←B). Correct analysis of these 

structures is essential for causal inference and the identification of potential biases. 

Through CSM, and with an understanding of these structures, it is possible to visualize and analyze 

cause-and-effect relationships, facilitating the identification of potential confounders and mediators, which 

are crucial for accurate causal inference. 

The 'do-operation,' introduced by Judea Pearl, is an essential tool in this context, allowing for the 

simulation of interventions by 'cutting' the incoming edges of the intervened variable, enabling the 

estimation of specific causal effects and the simulation of counterfactual scenarios. 

The foundation of causal AI has roots in Pearl’s research regarding causal inference. Pearl synthesized 
the causal inference through the ladder of causation[24]. 

Definition 1. Definition of the do-Operator in Pearl's Causal Framework[25-28]: 

Within the formalism of Structural Causal Models (SCMs) developed by Judea Pearl, a model M consists 

of a set of variables (endogenous V and exogenous U), and a set of functions F that determine the value of 

each endogenous variable V_i based on its direct causal parents (〖pa〗_i) in the associated causal graph 

and the corresponding exogenous variables (u_i). Each structural equation takes the form: 

𝑉𝑖 =  𝑓𝑖 (𝑝𝑎𝑖, 𝑢𝑖)               (1) 

The 𝒅𝒐(𝑿 = 𝒙) operator represents an external intervention that fixes the value of a variable (or set of 

variables) 𝑿 ⊆ 𝑽  to a constant 𝒙 . This operation is fundamental for distinguishing between passive 

observation and deliberate action (or setting), thereby allowing the definition and calculation of causal 

effects. 
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Formally, applying the 𝒅𝒐(𝑿 = 𝒙) operator to a model 𝑴 generates a new, modified model, denoted 𝑴𝒙. This submodel 𝑴𝒙  is obtained from 𝑴 through the following procedure: 

The structural equations within 𝑭 that determine the variables in 𝑿 are removed. 

1 These equations are replaced by assigning the constant value 𝒙 to the variables 𝑿. 

2 All other structural equations from model M remain unchanged. 

3 The probability distribution 𝑷(𝒖) over the exogenous variables 𝑼 remains the same 

as in M. 

The probability distribution of a variable (or set of variables) 𝒀 ⊆ 𝑽 under the intervention 𝒅𝒐(𝑿 = 𝒙) is 

denoted as 𝑷(𝒀 = 𝒚 ∣ 𝒅𝒐(𝑿 = 𝒙)) . This distribution represents the behavior of 𝒀  in the hypothetical 

scenario where 𝑿 is forced to take the value 𝒙. It is formally defined as the probability distribution of 𝒀 in 

the modified model 𝑴𝒙: 

 𝑃(𝑌 = 𝑦 | 𝑑𝑜(𝑋 = 𝑥))  =  𝑃𝑚𝑥(𝑌 = 𝑦)          (2) 

 

Where 𝑷𝒎𝒙 (𝒀 = 𝒚) is the probability that Y takes the value y induced by the submodel 𝑴𝒙and the 

distribution 𝑷(𝒖). This mathematical construct allows for the rigorous quantification of the causal effects 

of interventions, distinguishing them from mere statistical associations observed in the data. 

Example 1: Calculation of the Causal Effect of a Treatment via Covariate Adjustment 

Scenario: Consider an observational study to evaluate the effect of a new Treatment (X) on Recovery 

(Y) from a disease. It is known that the patient's Age (Z) can influence both the decision to take the treatment 

and the probability of recovery, thus acting as a confounding factor. We assume the following causal 

structure, represented by a Directed Acyclic Graph (DAG): 

 

Figure 2: Directed Acyclic Graph (DAG) Representing Causal Relationships Between Age, 

 

Teatment, and Recovery 

The variables are binary: 

 

• X: 1 if received Treatment, 0 otherwise. 

• Y: 1 if Recovery occurred, 0 otherwise. 

• Z: 1 if Older, 0 if Younger. 
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The variable Age (Z) satisfies the backdoor criterion relative to the effect of X on Y, as it intercepts the 

only non-causal path between X and Y (X←Z→Y) and is not a descendant of X. Therefore, we can identify 

the causal effect 𝑷(𝒀 = 𝒚 ∣ 𝒅𝒐(𝑿 = 𝒙)) by adjusting for Z. 

Objective: Calculate the Average Causal Effect (ACE) of the treatment on recovery, defined as: 𝐴𝐶𝐸 =𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 1)) − 𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 0))         (3) 

Hypothetical Observational Data: Assume we have the following probabilities estimated from a large 

sample: 

• Distribution of the confounder (Age):  

o P(Z=0)=0.6 (Probability of being Younger) 

o P(Z=1)=0.4 (Probability of being Older) 

• Conditional Probability of Recovery given Treatment and Age:  

o P(Y=1∣X=1,Z=0)=0.7 

o P(Y=1∣X=1,Z=1)=0.5 

o P(Y=1∣X=0,Z=0)=0.4 

o P(Y=1∣X=0,Z=1)=0.2 

Calculation of the Causal Effect: 

We use the adjustment formula (backdoor adjustment): 𝑃(𝑌 = 𝑦 ∣ 𝑑𝑜(𝑋 = 𝑥)) = ∑𝑃(𝑌 = 𝑦 ∣ 𝑋 = 𝑥, 𝑍 = 𝑧)𝑃(𝑍 = 𝑧)      (4) 

 

Step 1: Calculate P(Y=1∣do(X=1)) Probability of recovery if intervening by assigning the treatment to 

everyone 𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 1)) = 𝑃(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 0)𝑃(𝑍 = 0) + 𝑃(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 1)𝑃(𝑍 = 1) 

Substituting the values: 𝑃( 𝑌 = 1 ∣∣ 𝑑𝑜(𝑋 = 1) ) = (0.7)(0.6) + (0.5)(0.4) 𝑃( 𝑌 = 1 ∣∣ 𝑑𝑜(𝑋 = 1) ) = 0.42 + 0.20 𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 1)) = 0.62 

 

Step 2: Calculate P(Y=1∣do(X=0)) Probability of recovery if intervening by not assigning the treatment to 

anyone (X=0). 𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 0)) = 𝑃(𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 0)𝑃(𝑍 = 0) + 𝑃(𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 1)𝑃(𝑍 = 1) 

Substituting the values: 𝑃( 𝑌 = 1 ∣∣ 𝑑𝑜(𝑋 = 0) ) = (0.4)(0.6) + (0.2)(0.4) 𝑃( 𝑌 = 1 ∣∣ 𝑑𝑜(𝑋 = 0) ) = 0.24 + 0.08 𝑃(𝑌 = 1 ∣ 𝑑𝑜(𝑋 = 0)) = 0.32 

 

Step 3: Calculate the Average Causal Effect (ACE) ACE=P(Y=1∣do(X=1))-P(Y=1∣do(X=0)) 

 𝐴𝐶𝐸 = 0.62 − 0.32 𝐴𝐶𝐸 = 0.30 
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Interpretation: The calculation shows that the probability of recovery if the entire population were to 

receive the treatment would be 62% (P(Y=1∣do(X=1))=0.62), whereas if no one were to receive it, the 

probability would be 32% (P(Y=1∣do(X=0))=0.32). 

The Average Causal Effect (ACE) is 0.30. This means that, on average, receiving the treatment increases 

the probability of recovery by 30 percentage points in this population, after controlling for the confounding 

effect of Age. This value represents the causal effect of the treatment isolated from the influence of the 

confounder. 

 

2.2.2 The ladder of causation 

 

Pearl's Ladder of Causation delineates causal inference into three distinct levels. The first level, 

Association or Passive Observation, represents the foundational tier where traditional machine learning 

methods are situated. This level pertains to the identification of statistical relationships between observed 

entities, utilized for training predictive models. In its most rudimentary form, association describes how 

two observed entities correlate[29]. 

The second level, Intervention or Acting, transcends mere passive observation. It involves 

comprehending the impact of changes, and investigating the 'why' behind observed transformations[30]. 

The third and highest level, Counterfactuals or Imagining What If, embodies the capability to formulate 

hypotheses regarding what would transpire under altered conditions [31]. Counterfactuals are pivotal for 

establishing causal relationships, as they enable the simulation of hypothetical scenarios. The placement of 

this level at the apex of the Ladder of Causation reflects its complexity and significance in advanced causal 

inference. 

 

3. Materials and Methods 

 

This study adopts a conceptual and formal modeling approach, integrating Causal Artificial Intelligence 

(Causal AI) with Neutrosophic Logic and Neutrosophic Set Theory to develop a framework for complex 

decision-making under uncertainty. 

 

3.1 Modeling Framework 

 

The proposed methodology follows three main stages: 

Problem Contextualization and Causal Modeling 

We define the causal problem space using Directed Acyclic Graphs (DAGs), following the Structural 

Causal Model (SCM) formalism introduced by Judea Pearl. These graphs capture hypothesized cause-and-

effect relationships among variables, enabling the application of causal inference techniques such as 

backdoor adjustment and do-operations. 

Neutrosophic Extension of Causal Inference 

To account for indeterminacy, ambiguity, and contradiction in real-world systems, classical 

probabilities are extended to neutrosophic triplets (T, I, F)—representing the degrees of truth, 
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indeterminacy, and falsity respectively. The standard SCM framework is adapted to a Neutrosophic 

Structural Causal Model (N-SCM), where causal functions, variables, and interventions are expressed using 

neutrosophic values and logic. 

Simulation and Illustrative Examples 

Hypothetical datasets are constructed to illustrate both classical and neutrosophic scenarios. 

Calculations are carried out using both traditional and neutrosophic versions of the backdoor criterion to 

estimate the Average Causal Effect (ACE). Simulated interventions are expressed using both standard do-

operations and the neutrosophic doN-operator, allowing for the evaluation of outcomes under uncertainty. 

This methodological structure provides a novel way to simulate interventions, estimate causal effects, 

and handle epistemic indeterminacy, making it particularly suitable for applications in Web3 

environments, where decentralized decision-making must deal with incomplete, contradictory, or 

imprecise information. 

 

4. Neutrosophic Causal AI 

 

While traditional Causal AI, with its foundation in structural causal models and the 'do-operation,' 

provides a robust framework for understanding and simulating causal relationships, it often assumes a 

level of certainty and precision that is not always present in real-world data. 

This limitation becomes particularly salient when dealing with complex systems where information is 

inherently vague, ambiguous, or contradictory. In such scenarios, the binary logic and precise numerical 

representations of traditional Causal AI may fail to capture the nuances of uncertainty and indeterminacy. 

To overcome these limitations, we introduce Neutrosophic Causal AI. 

Neutrosophic Causal AI is an extension of Causal AI that seeks to understand cause-and-effect 

relationships from data (experimental or observational), incorporating neutrosophic logic and set theory 

to handle uncertainties and indeterminacies. It follows a systematic approach that includes a) problem 

contextualization, considering inherent uncertainty; b) causal modeling with neutrosophic graphs (DAGs), 

which represent degrees of truth, falsity, and indeterminacy; c) quantitative validation of causal 

relationships, considering uncertainty and indeterminacy in the data. 

 

4.1. Ladder of causation in the context of Neutrosophic Causal AI 

 

Like Pearl’s ladder of causation, we have the following steps a) association, b) intervention, c) 

counterfactuals. 

Neutrosophic Association: various traditional machine learning methods have been adapted to the 

Neutrosophic context [32, 33,34] 

Neutrosophic Intervention: the intervention reflected by Judea Pearl's 'do-operation' allows for 

simulating interventions in causal models (DAGs) by forcing variables to specific values and cutting their 

incoming edges. This method assumes precise interventions, which often do not match real-world 

complexity.  
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Unlike the traditional 'do-operation,' which assigns a single, precise value to a variable, the neutrosophic 

intervention allows for defining a range of values or a neutrosophic distribution for the intervened variable. 

Hypothetically, consider an e-commerce company that seeks to understand the impact of marketing 

campaigns (A) on product sales (B). The campaigns vary in intensity and segmentation, and external factors 

(C), such as seasonality and competition, also influence sales. A causal graphic model: 

A→B←C 

Causal AI employs the 'do-operation' to estimate the impact of campaign intensity (A) on sales (B), while 

controlling other factors (C). 

In practical situations, it may be challenging to accurately control the intensity and segmentation of 

campaign (A). Furthermore, the company might face uncertainty regarding the campaign's impact on 

various customer segments. 

The neutrosophic intervention do(A=(T=0.8, I=0.1, F=0.1)) represents the company's decision to conduct 

a campaign with high intensity and segmentation, but with 10% uncertainty about the campaign's 

execution and a 10% chance that it will not reach the desired target audience. 

Neutrosophic counterfactual: Traditional causal AI forms counterfactuals using precise, deterministic 

values, assuming clear causal relationships. This approach has limitations in complex environments with 

vague or contradictory information. Neutrosophic counterfactuals, incorporating neutrosophic logic and 

set theory, allow for representing uncertain scenarios. 

Neutrosophic counterfactuals define values of truth, falsity, and indeterminacy rather than assigning 

precise values to variables. For example, instead of stating 'if the patient had taken drug X, he would have 

recovered,' it could be expressed as 'if the patient had taken drug X, there is a high chance of recovery, with 

some uncertainty and a small chance of non-recovery.' 

 

Definition 2. Neutrosophic do-Operator via Neutrosophic Structural Causal Models (N-SCMs) 

 

An alternative formalization conceptualizes the neutrosophic do-operator, denoted 𝑑𝑜𝑁(𝑋 = 𝑥), as an 

operation performed on a Neutrosophic Structural Causal Model (N-SCM). An N-SCM extends Pearl's 

SCM framework by allowing components of the model to be represented using neutrosophic entities, 

explicitly incorporating indeterminacy alongside truth and falsity. 

Specifically, an N-SCM,𝑀𝑁 might feature:  

a) Structural equations where the functional relationships f _̃i themselves involve neutrosophic 

logic or map to neutrosophic values: Vi=(𝑓𝑖𝑝𝑎𝑖 , 𝑢𝑖̃) 

b) Exogenous variables U  ̃ whose uncertainty is described by neutrosophic probability 

distributions 𝑃𝑁(𝑢) = (𝑇, 𝐼, 𝐹). 
In this context, the neutrosophic intervention 𝑑𝑜𝑛(𝑋 = 𝑥)  parallels the standard do-operation by 

modifying the structure of the 𝑀𝑁into a submodel 𝑀𝑁,𝑥: 

1. The neutrosophic structural equation(s) determining X within M_N are removed. 

2. The variable X is assigned the value x (which could potentially also be a neutrosophic value x  ̃
in some formulations). 
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3. All other neutrosophic structural equations and the neutrosophic distributions P_N(u) 

governing the exogenous variables remain unchanged. 

 

The outcome of this operation is the neutrosophic probability distribution (or neutrosophic value set) 

of an outcome variable Y in the modified model 𝑀𝑁,𝑥 . This is denoted 𝑃𝑁(𝑌 = 𝑦 ∣ 𝑑𝑜𝑁(𝑋 = 𝑥)) and is 

calculated by propagating the inputs (including the intervention 𝑋 = 𝑥 and the neutrosophic exogenous 

uncertainties 𝑃𝑁(𝑢)) through the neutrosophic functions 𝑓 of the submodel 𝑀𝑁,𝑥  using the appropriate 

rules of neutrosophic logic and probability calculus: 𝑃𝑁(𝑌 = 𝑦 ∣ 𝑑𝑜𝑁(𝑋 = 𝑥)) ≜ 𝑃𝑀𝑁,𝑥(𝑌 = 𝑦)           (5) 

 

This definition emphasizes the 𝑑𝑜𝑁-operator as a mechanism to compute causal effects by simulating 

interventions directly within a causal model whose fundamental components explicitly encode 

indeterminacy (I) alongside truth (T) and falsity (F), thus providing predictions 𝑃𝑁(𝑌 = 𝑦 ∣ 𝑑𝑜𝑁(𝑋 = 𝑥)) =(𝑇, 𝐼, 𝐹) that reflect this inherent systemic ambiguity. 

 

Definition 3 [35, 36]: Neutrosophic Multiplication Operator (⊗)  

 

For two neutrosophic probabilities 𝐴 = (𝑇𝐴, 𝐼𝐴, 𝐹𝐴) and 𝐵 = (𝑇𝐵 , 𝐼𝐵 , 𝐹𝐵), where 𝑇, 𝐼, and 𝐹  represent 

the truth, indeterminacy, and falsity components respectively, the neutrosophic multiplication operator ⊗ 

is defined as: 

 𝐴 ⊗ 𝐵 = (𝑇𝐴 × 𝑇𝐵 , 𝐼𝐴 + 𝐼𝐵 − 𝐼𝐴 × 𝐼𝐵 , 𝐹𝐴 + 𝐹𝐵 − 𝐹𝐴 × 𝐹𝐵)         (6) 

 

Where: 

• 𝑇𝐴 × 𝑇𝐵 represents the product of truth components 

• 𝐼𝐴 + 𝐼𝐵 − 𝐼𝐴 × 𝐼𝐵 represents the product of indeterminacy components 

• 𝐹𝐴 + 𝐹𝐵 − 𝐹𝐴 × 𝐹𝐵 represents the product of falsity components 

This operation extends the classical probability multiplication to the neutrosophic domain, preserving 

the interpretation that when two independent events are considered jointly, their probability components 

are multiplied independently. 

 

Definition 4 [36, 37]: Neutrosophic Addition Operator (⊕) 

For two neutrosophic probabilities 𝐴 = (𝑇𝐴, 𝐼𝐴, 𝐹𝐴)  and 𝐵 = (𝑇𝐵 , 𝐼𝐵 , 𝐹𝐵) , the neutrosophic addition 

operator ⊕ is defined as: 

𝐴 ⊕ 𝐵 = (𝑇𝐴 + 𝑇𝐵 − 𝑇𝐴 × 𝑇𝐵 , 𝐼𝐴 × 𝐼𝐵 , 𝐹𝐴 × 𝐹𝐵)      (7) 

Where: 

• 𝑇𝐴 + 𝑇𝐵 − 𝑇𝐴 × 𝑇𝐵 represents the probability union formula applied to truth components 

• 𝐼𝐴 × 𝐼𝐵 represents the probability union formula applied to indeterminacy components 
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• 𝐹𝐴 × 𝐹𝐵 represents the probability union formula applied to falsity components 

This operation generalizes the classical probability union formula 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵)– 𝑃(𝐴 ∩ 𝐵) 

to the neutrosophic context, accounting for all three dimensions of neutrosophic information. 

 

Definition 5[36,37]: Neutrosophic Subtraction Operator ⊖ 

 

For two neutrosophic probabilities 𝐴 =  (𝑇𝐴, 𝐼𝐴, 𝐹𝐴) and 𝐵 =  (𝑇𝐵 , 𝐼𝐵 , 𝐹𝐵) , the neutrosophic subtraction 

operator ⊖ is defined as: 𝐴 ⊖ 𝐵 = 𝐴 ⊗ 𝐵𝑐     (8) 

Where: 𝐴 ⊗ 𝐵𝑐 = (𝑇𝐴 × (1 − 𝑇𝐵), 𝐼𝐴 + (1 − 𝐼𝐵) − 𝐼𝐴 × (1 − 𝐼𝐵), 𝐹𝐴 + (1 − 𝐹𝐵) − 𝐹𝐴 × (1 − 𝐹𝐵)) = (𝑇𝐴 × (1 − 𝑇𝐵), 𝐼𝐴 +(1 − 𝐼𝐴) × (1 − 𝐼𝐵), 𝐹𝐴 + (1 − 𝐹𝐴) × (1 − 𝐹𝐵))  

The neutrosophic subtraction operator is particularly important for calculating causal effects in 

neutrosophic environments, such as the Neutrosophic Average Causal Effect (𝐴𝐶𝐸𝑁).  

 

Example 2 (Neutrosophic Adaptation): Calculation of Neutrosophic Causal Effect 

 

Scenario: We revisit the observational study scenario evaluating a Treatment (X) on Recovery (Y), with 

Age (Z) as a confounder. The causal structure (DAG) remains the same (Figure 2). 

Variables are binary (𝑋, 𝑌, 𝑍 ∈ {0,1}) . We again aim to adjust for Z using the backdoor criterion. 

However, we now assume our knowledge about the system probabilities involves indeterminacy, 

represented by neutrosophic probabilities 𝑃𝑁𝑁 = (𝑇, 𝐼, 𝐹), where T is the degree of truth, I is the degree of 

indeterminacy, and F is the degree of falsity. 

Objective: Estimate the neutrosophic causal effect of the treatment on recovery, specifically by 

calculating 𝑃𝑁(𝑌 = 1 ∣ 𝑑𝑜𝑁(𝑋 = 1)) and 𝑃𝑁(𝑌 = 1 ∣ 𝑑𝑜𝑁(𝑋 = 0)), where 𝑑𝑜𝑁 represents the intervention 

concept within this neutrosophic context. We can then examine the difference, particularly in the truth 

component (T). 

Hypothetical Neutrosophic Observational Data: Assume the following neutrosophic probability 

estimates: 

• Distribution of the confounder (Age):  

o 𝑃𝑁(𝑍=0) = (0.6,0.1,0.3) (Younger) 

o 𝑃𝑁(𝑍=1) = (0.4,0.1,0.5) (Older) 

• Conditional Neutrosophic Probability of Recovery (Y=1):  

o 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 0) = (0.70,0.20,0.10) 

o 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 1) = (0.50,0.30,0.20) 

o 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 0) = (0.40,0.15,0.45) 

o 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 1) = (0.20,0.25,0.55) 

 

Calculation of the Neutrosophic Causal Effect: 

We adapt the adjustment formula to compute the resulting neutrosophic probability (𝑇, 𝐼, 𝐹). 
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Step 1: Calculate 𝑷𝑵(𝒀 = 𝟏 ∣ 𝒅𝒐𝑵(𝑿 = 𝟏)) = (𝑻𝟏, 𝑰𝟏, 𝑭𝟏)  Neutrosophic probability of recovery if 

intervening by assigning treatment X=1 to everyone. 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 0) ⊗  𝑃(𝑍 = 0) ⊕ 𝑃𝑁(𝑌 = 1 ∣ 𝑋 = 1, 𝑍 = 1) ⊗  𝑃(𝑍 = 1)= (0.70,0.20,0.10) ⊗ (0.6,0.1,0.3) ⊕ (0.50,0.30,0.20) ⊗ (0.4,0.1,0.5)= (0.536, 0.1036, 0.222)  

Result for  𝑷𝑵( 𝒀 = 𝟏 ∣∣ 𝒅𝒐𝑵(𝑿 = 𝟏) ) = (0.536, 0.1036, 0.222) 

Step 2: Calculate 𝑷𝑵(𝒀 = 𝟏 ∣ 𝒅𝒐𝑵(𝑿 = 𝟎)) = (𝑻𝟎, 𝑰𝟎, 𝑭𝟎)  Neutrosophic probability of recovery if 

intervening by assigning control 𝑋 = 0 to everyone. 𝑃𝑁( 𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 0 ) ⊗ 𝑃(𝑍 = 0) ⊕ 𝑃𝑁( 𝑌 = 1 ∣ 𝑋 = 0, 𝑍 = 1 ) ⊗ 𝑃(𝑍 = 1) = (0.40,0.15,0.45) ⊗ (0.6,0.1,0.3) ⊕ (0.20,0.25,0.55) ⊗ (0.4,0.1,0.5)= (0.3008, 0.076375, 0.476625)  

Result for 𝑷𝑵(𝒀 = 𝟏 ∣ 𝒅𝒐𝑵(𝑿 = 𝟎))= (0.3008, 0.076375, 0.476625) 

 

Step 3: Examine the Neutrosophic Average Causal Effect (ACE)  𝐴𝐶𝐸𝑁 = 𝑷𝑵( 𝒀 = 𝟏 ∣∣ 𝒅𝒐𝑵(𝑿 = 𝟏) ) ⊖ 𝑷𝑵( 𝒀 = 𝟏 ∣∣ 𝒅𝒐𝑵(𝑿 = 𝟎) )= |(0.536,0.1036,0.222) ⊖ (0.3008, 0.076375, 0.476625)| = (0.3747712,0.9315151,0.62918575)  
 

Interpretation: The neutrosophic analysis yielded a result of (0.3748,0.9315,0.6292), which provides a 

multidimensional interpretation of the causal effect. Similar to traditional Average Causal Effect (ACE) 

analysis, the truth component (T=0.3748) indicates a positive causal effect of the treatment on recovery 

likelihood. However, the neutrosophic approach offers richer insights by explicitly quantifying the 

significantly high indeterminacy (I=0.9315) associated with the predicted outcomes, acknowledging a very 

large degree of inherent uncertainty, ambiguity, or vagueness in the causal prediction under this specific 

definition. Additionally, the falsity component (F=0.6292) represents a considerable degree to which the 

causal effect may not be present or the premises leading to recovery are false. While conventional models 

provide only single-point probability estimates that implicitly assume zero indeterminacy, the 

neutrosophic model, even with this particular operator definition, aims to capture the ambiguity inherent 

in scenarios involving vague or incomplete information, potentially offering a more realistic, albeit in this 

case highly uncertain, assessment. 

 

5. Applications of Neutrosophic Causal AI in Web3 with Blockchain-AI Integration 

 

The convergence of blockchain technology and artificial intelligence presents transformative potential, 

particularly for creating smarter, more autonomous, and trustworthy decentralized applications (dApps) 

within the Web3 ecosystem. While integrating traditional AI offers benefits like analyzing on-chain data 

for patterns, its reliance on correlation often falls short in complex, dynamic Web3 environments where 

understanding true cause-and-effect is crucial for security, governance, and economic stability. 

Furthermore, real-world data feeding into Web3 systems via oracles, or generated through decentralized 

interactions, is frequently characterized by inherent uncertainty, ambiguity, and potential contradiction—
limitations that traditional Causal AI, assuming precision, struggles to address adequately. Neutrosophic 

Causal AI emerges as a critical enabler in this context, providing the necessary tools to model causality 

rigorously while explicitly managing indeterminacy. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Ranulfo P. Barbosa, Florentin Smarandache, Maikel Y. Leyva Vázquez, Joaquin B. Monge. Neutrosophy, Causal AI, and Web3: 
combo for complex decision-making     

235 

One key application lies in enhancing Smart Contracts and Oracle Integration[38]. Smart contracts 

automate agreements based on predefined conditions, often triggered by external data provided by oracles. 

However, oracle data can be noisy, delayed, derive from sources with varying reliability, or represent 

inherently ambiguous states. Neutrosophic Causal AI allows oracles to report data not as single crisp 

values, but as neutrosophic triplets (𝑻, 𝑰, 𝑭), quantifying the data's perceived truthfulness, indeterminacy 

(e.g., due to source disagreement or measurement uncertainty), and falsity. Smart contracts equipped with 

N-SCMs can then ingest this neutrosophic data and reason causally under uncertainty. For instance, a 

decentralized insurance contract could use an N-SCM to assess crop failure risk based on neutrosophic 

weather data from multiple oracles. Using the 𝒅𝒐𝑵-operator, it could simulate the causal effect of specific 

weather patterns (represented neutrosophically) on yield likelihood 𝑷𝑵 (𝒀𝒊𝒆𝒍𝒅|𝒅𝒐𝑵(𝑾𝒆𝒂𝒕𝒉𝒆𝒓 = (𝑻, 𝑰, 𝑭))), making payout decisions based not just on the estimated truth (𝑻) 

of crop failure but also considering the level of indeterminacy (𝑰). This allows for more robust and fair 

automated decisions that explicitly acknowledge data imperfections. 

Another vital area is Decentralized Governance, particularly within Decentralized Autonomous 

Organizations (DAOs). DAOs rely on collective decision-making for protocol upgrades, treasury 

management, and strategic direction, often based on proposals with complex and uncertain consequences. 

Voters face incomplete information, potentially biased analyses, and conflicting expert opinions. 

Neutrosophic Causal AI can provide decision support by modeling the potential causal impacts of a 

proposal (𝑿) on key DAO health metrics (𝒀), e.g., token value, user engagement, and protocol security. 

Expert opinions or simulation results regarding impacts could be encoded as neutrosophic probabilities 𝑷𝑵(𝒀|𝒅𝒐𝑵(𝑿 = 𝒑𝒓𝒐𝒑𝒐𝒔𝒂𝒍)) = (𝑻, 𝑰, 𝑭) . By comparing the neutrosophic outcomes of implementing the 

proposal versus maintaining the status quo, N-Causal AI can present voters with a clearer picture that 

includes not only the likely effect (𝑻) but also the degree of residual uncertainty or disagreement 𝑰 This 

explicit representation of indeterminacy fosters more informed and transparent collective decision-making, 

aligning with the democratic ethos of DAOs. 

Furthermore, Neutrosophic Causal AI offers significant advantages in Decentralized Finance (DeFi) for 

Risk Assessment and Management. DeFi protocols, such as lending platforms or automated market 

makers, operate in highly volatile environments and are susceptible to complex risks like cascading 

liquidations, impermanent loss, or economic exploits. Traditional risk models often struggle with the 

unprecedented nature of these systems and the ambiguity of market signals. N-Causal AI can build more 

resilient risk models by constructing N-SCMs that map causal relationships between factors like market 

volatility, collateralization ratios, oracle price feed deviations, and protocol parameters, representing 

uncertain factors (e.g., market sentiment, likelihood of exploit) neutrosophically. The 𝒅𝒐𝑵-operator allows 

for sophisticated stress testing, simulating the impact of extreme events 𝒅𝒐𝑵(𝑴𝒂𝒓𝒌𝒆𝒕𝑺𝒉𝒐𝒄𝒌 = (𝑻, 𝑰, 𝑭)) 

on protocol stability. The resulting risk assessments presented as (𝑻, 𝑰, 𝑭) for outcomes like "Liquidation 

Cascade Likelihood," provide a more nuanced understanding than single probability scores, enabling 

better-informed parameter tuning and user protection mechanisms. 

Finally, the integration of N-Causal AI aligns strongly with the core Web3 principles of Transparency 

and Auditability. While blockchain ensures data immutability, the logic of AI models operating on that 

data can remain opaque. By requiring the explicit definition of causal relationships within an N-SCM 

(which could potentially be stored or referenced on-chain), Neutrosophic Causal AI makes the reasoning 

process more transparent. Stakeholders can inspect the assumed causal structure and how indeterminacy 

is handled, fostering greater trust compared to black-box AI models. This explicit causal representation, 

acknowledging 𝑻, 𝑰 , and 𝑭 , provides a foundation for building truly robust, verifiable, and ethically 

considerate AI-driven systems within the decentralized web. 
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6. Conclusions 

  

Neutrosophic Causal AI represents a significant leap forward in the development of intelligent systems 

capable of operating effectively in real-world environments characterized by uncertainty, vagueness, and 

contradiction. Its value lies not only in enhancing predictive accuracy but in elevating the epistemic quality 

of AI-based decisions by incorporating explicit degrees of truth, falsity, and indeterminacy into the causal 

reasoning process. 

By integrating the neutrosophic framework with structural causal modeling, this approach extends the 

boundaries of conventional Causal AI, allowing for the formalization of ambiguous or contradictory causal 

relationships that would otherwise be dismissed or misrepresented. The proposed Neutrosophic do-

operator and the construction of Neutrosophic Structural Causal Models (N-SCMs) provide a robust 

mathematical apparatus to simulate interventions, quantify causal effects, and represent systemic 

ambiguity, all within a consistent logical foundation. 

In the context of Web3 ecosystems, where trust, decentralization, and transparency are paramount, 

Neutrosophic Causal AI adds a layer of interpretability and resilience to AI-driven decisions. Smart 

contracts, DAOs, and decentralized finance (DeFi) mechanisms can benefit from decision protocols that are 

not only technically efficient but epistemologically reflexive, accommodating multiple possible truths and 

modeling the nuances of human and institutional behavior under incomplete information. 

Moreover, this framework opens new avenues for transdisciplinary research, intersecting artificial 

intelligence, formal logic, decision theory, and philosophy of technology. It encourages the development 

of ethically aware and socially responsible AI, especially in sensitive domains such as public governance, 

collective decision-making, and risk management. 

As decentralized infrastructures and autonomous agents proliferate, Neutrosophic Causal AI emerges 

as a foundational component for building intelligent, fair, and transparent systems. By embracing 

complexity and modeling what is traditionally excluded—the indeterminate and the contradictory—this 

approach lays the groundwork for a new generation of algorithms capable of navigating the ambiguities 

of the real world with integrity and nuance. 

 Acknowledgments:The authors would like to express their sincere gratitude to Dr. Erick Gonzalez 

Caballero for his insightful comments and valuable feedback on the manuscript. His suggestions greatly 

contributed to the improvement of this paper. 

  

References 

 

[1]  Smarandache, F. 2002. Neutrosophy, A New Branch of Philosophy. Multiple Valued Logic/An 

International Journal, 8(3), 297. 

[2]  Hurwitz, J.S.; Thompson, J.K. 2023. Causal artificial intelligence: The next step in effective 

business AI. John Wiley & Sons: Hoboken, NJ, USA.  

[3]  Liu, W.; Cao, B.; Peng, M. 2023. Web3 technologies: Challenges and opportunities. IEEE 

Network, 38(3), 187-193. 

[4]  Rawal, A.; et al. 2025. Causality for trustworthy artificial intelligence: status, challenges and 

perspectives. ACM Computing Surveys, 57(6), 1-30. (Nota: Verificar política de NSS sobre 'et 

al.'). 

[5]  Ness, R.O. 2025. Causal AI. Manning Publications: Shelter Island, NY, USA.  

[6]  Sheridan, D.; Harris, J.; Wear, F.; Cowell Jr, J.; Wong, E.; Yazdinejad, A. 2022. Web3 challenges 

and opportunities for the market. arXiv preprint arXiv:2209.02446. 

[7]  Murray, A.; Kim, D.; Combs, J. 2023. The promise of a decentralized internet: What is Web3 and 

how can firms prepare? Business Horizons, 66(2), 191-202. 

[8]  Wan, S.; Lin, H.; Gan, W.; Chen, J.; Yu, P.S. 2024. Web3: The next internet revolution. IEEE 

Internet of Things Journal, 11(21), 34811-34825. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Ranulfo P. Barbosa, Florentin Smarandache, Maikel Y. Leyva Vázquez, Joaquin B. Monge. Neutrosophy, Causal AI, and Web3: 
combo for complex decision-making     

237 

[9]  Kandasamy, W.B.; Smarandache, F. 2003. Fuzzy Cognitive Maps and Neutrosophic Cognitive 

Maps. arXiv preprint math/0311063. 

[10]  Villamar, C.M.; Suarez, J.; Coloma, L.D.L.; Vera, C.; Leyva, M. 2019. Analysis of Technological 

Innovation Contribution to Gross Domestic Product Based on Neutrosophic Cognitive Maps 

and Neutrosophic Numbers. Neutrosophic Sets and Systems, 34.  

[11]  Vázquez, M.L.; Ricardo, J.E.; Smarandache, F. 2024. Enhancing set-theoretic research methods 

with neutrosophic sets. Infinite Study: [Location, Country].  

[12]  Meza Taipe, T.; Romero Quispe, J.; Guzmán Villa, E.; Santiago Saturnino, P.A.; Collazos Paucar, 

E.; Flores Konja, A.A. 2024. Integration of Fuzzy Set Theory and Neutrosophic Sets for 

Qualitative and Quantitative Analysis in Inclusive Service to Native Communities of Ucayali. 

Neutrosophic Sets and Systems, 74(1), 13.  

[13]  Morales, F.R.M.; Trujillo, B.L.; Igarza, E.O.; Viviano, R.C.C. 2025. Neutrosophic Analysis of the 

Cultural Impact of the Pinkullo in Llata: Integrating ChatGPT and fsQCA. Neutrosophic Sets 

and Systems, 80(1), 28.  

[14]  Pearl, J. 2012. The do-calculus revisited. arXiv preprint arXiv:1210.4852. 

[15]  Pearl, J.; Bareinboim, E. 2022. External validity: From do-calculus to transportability across 

populations. In Probabilistic and causal inference: The works of Judea Pearl; [Editors, Eds.]; 

[Publisher: Publisher Location, Country], pp. 451-482.  

[16]  Ormaniec, W.; et al. 2024. Standardizing structural causal models. arXiv preprint 

arXiv:2406.11601.  

[17]  Cinelli, C.; Kumor, D.; Chen, B.; Pearl, J.; Bareinboim, E. 2019. Sensitivity analysis of linear 

structural causal models. In Proceedings of the International Conference on Machine Learning, 

Long Beach, CA, USA, 9-15 June 2019; Chaudhuri, K., Salakhutdinov, R., Eds.; PMLR: 

Cambridge, MA, USA, Vol. 97, pp. 1252-1261.  

[18]  Kliangkhlao, M.; Tipsavak, A.; Limna, T.; Dejchanchaiwong, R.; Tekasakul, P.; Yeranee, K.; 

Sahoh, B. 2025. Toward causal artificial intelligence approach for PM2. 5 interpretation: A 

discovery of structural causal models. Ecological Informatics, 85, 103115.  

[19]  Bilgel, F. 2024. The Role of Pearl’s Causal Framework in Empirical Research. Ekonomi-tek, 13(2), 

230-252. 

[20]  Prosperi, M.; Guo, Y.; Sperrin, M.; Koopman, J.S.; Min, J.S.; He, X.; Rich, S.; Wang, M.; Buchan, 

I.E.; Bian, J. 2020. Causal inference and counterfactual prediction in machine learning for 

actionable healthcare. Nature Machine Intelligence, 2(7), 369-375. 

[21]  Pearl, J.; Mackenzie, D. 2018. The book of why: the new science of cause and effect. Basic Books: 

New York, NY, USA. (Nota: Localización de editorial asumida). 

[22]  Sun, J. 2023. Novel Methods for Identification and Inference in Public Health. Ph.D. Thesis, Yale 

University, New Haven, CT, USA. 

[23]  Oates, C.J.; Smith, J.Q.; Mukherjee, S. 2016. Estimating causal structure using conditional DAG 

models. Journal of Machine Learning Research, 17(54), 1-23. 

[24]  Cavique, L. 2023. Causality: the next step in artificial intelligence. In Philosophy of artificial 

intelligence and its place in society; [Editors, Eds.]; IGI Global: Hershey, PA, USA, pp. 1-17.  

[25]  Illari, P.M.; Russo, F.; Williamson, J., Eds. 2011. Causality in the Sciences. Oxford University 

Press: Oxford, UK. 

[26]  Kincaid, H. 2021. Making progress on causal inference in economics. In A modern guide to 

philosophy of economics; [Editors, Eds.]; Edward Elgar Publishing: Cheltenham, UK, pp. 28-65.  

[27]  Pearl, J. 2022. Causation and decision: On Dawid’s “Decision theoretic foundation of statistical 
causality”. Journal of Causal Inference, 10(1), 221-226. 

[28]  Pearl, J. 2010. An introduction to causal inference. The International Journal of Biostatistics, 6(2).  

[29]  Da Silva, S. 2024. Causal Inference, Fast and Slow. Open Access Library Journal, 11(7), 1-36. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Ranulfo P. Barbosa, Florentin Smarandache, Maikel Y. Leyva Vázquez, Joaquin B. Monge. Neutrosophy, Causal AI, and Web3: 
combo for complex decision-making     

238 

[30]  Pearl, J. 2022. Causal Inference: history, perspectives, adventures, and unification (an interview 

with Judea Pearl). Observational Studies, 8(2), 1  23-36. 

[31]  Pearl, J. 2022. Probabilities of causation: three counterfactual interpretations and their 

identification. In Probabilistic and causal inference: the works of Judea Pearl; [Editors, Eds.]; 

[Publisher: Publisher Location, Country], pp. 317-372.  

[32]  Kadali, D.K.; Mohan, R.J.; Naik, M.C. 2024. Software Reliability Model Estimation for an 

Indeterministic Crime Cluster through Reinforcement Learning. Neutrosophic Systems With 

Applications, 17, 47-58. https://doi.org/10.61356/j.nswa.2024.17246 

[33]  Macas-Acosta, G.; Márquez-Sánchez, F.; Vergara-Romero, A.; Ricardo, J.E. 2024. Analyzing the 

Income-Education Nexus in Ecuador: A Neutrosophic Statistical Approach. Neutrosophic Sets 

and Systems, 66, 196-203. 

[34]  Cevallos-Torres, L.; Martínez, R.; Caicedo-Quiroz, R.; Hernández-Magallanes, R.; Iturburu-

Salvador, D.; Parrales-Bravo, F.; Leyva-Vázquez, M. 2024. Assessment of Academic Integrity in 

University Students Using a Hybrid Fuzzy-Neutrosophic Model under Uncertainty. 

Neutrosophic Sets and Systems, 74(1), 23.  

[35]  Das, D.; Dhar, R.; Tripathy, B.C. 2023. Properties of multiplication operation of neutrosophic 

fuzzy matrices. Neutrosophic Sets and Systems, 61, 134. 

[36]  Smarandache, F. 2022. Neutrosophic Statistics is an extension of Interval Statistics, while 

Plithogenic Statistics is the most general form of  statistics (Fourth version). Neutrosophic 

Computing & Machine Learning, 23.  

[37]  Smarandache, F. 2016. Subtraction and Division of Neutrosophic Numbers. Critical Review, 13.  

[38]  Chainlink Education. n.d. Blockchain Oracles: Connecting smart contracts with off-chain data. 

Available online: https://chain.link/education/blockchain-oracles (accessed on 18 April 2025).   

 

Received: December 27, 2024. Accepted: April 8, 2025. 

 

 



 

Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 
sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

  
 

  
 

Rosalinda Jiménez Ávalos, María Josefa López Macedo,  César Ulíses Marín Eléspuru, Américo Navor Gómez Barrera, Hugo 
Luis Zevallos Egoávil, Víctor Raúl Reátegui Paredes, Marcial Antonio Medina Vigo. A Neutrosophic N-Alectic Approach to 
Identifying the Causes of Tax Conflicts in Textile SMEs 

            University of New Mexico 

A Neutrosophic N-Alectic Approach to Identifying the 
Causes of Tax Conflicts in Textile SMEs 

 
Rosalinda Jiménez Ávalos 1, María Josefa López Macedo 2, César Ulíses Marín Eléspuru 3, Américo Navor 

Gómez Barrera 4, Hugo Luis Zevallos Egoávil 5, Víctor Raúl Reátegui Paredes 6, and Marcial Antonio Medina 
Vigo 7 

 
1 Universidad Nacional Mayor de San Marcos, Perú. rosalinda.jimenez@unmsm.edu.pe  
2 Universidad Nacional de la Amazonía Peruana, Perú. maria.lopez@unapiquitos.edu.pe  
3 Universidad Nacional de la Amazonía Peruana, Perú. cesar.marin@unapiquitos.edu.pe  

4 Universidad Nacional de la Amazonía Peruana, Perú. agomez@unapiquitos.edu.pe  
5 Universidad Nacional de la Amazonía Peruana, Perú. hugo.zevallos@unapiquitos.edu.pe  
6 Universidad Nacional de la Amazonía Peruana, Perú. victor.reategui@unapiquitos.edu.pe  

7 Universidad Nacional Mayor de San Marcos, Perú. mmedinav@unmsm.edu.pe  
 

 

Abstract. This study analyzes the multidimensional causes of tax conflicts in textile SMEs in Metropolitan 
Lima using the neutrosophic n-alectic framework. Traditional binary models—compliance vs. non-
compliance—fail to capture the interplay of factors such as tax illiteracy, legal ambiguity, and perceptions 
of injustice. By applying a refined neutrosophic approach that integrates multiple components of truth (T), 
indeterminacy (I), and falsity (F), the study models tax behavior as a vector and calculates the distance from 
an ideal compliance profile. Results show that SMEs with structured accounting systems (Profile A) have a 
significantly lower neutrosophic distance (0.135) than informally managed ones (Profile B, 0.515), 
confirming the benefits of formalization. Key contributors to conflict include low tax literacy (T₁), high 
regulatory uncertainty (I), and perceived inequity (F₃). Recommendations include tax training programs, 
regulatory simplification, neutrosophic self-diagnosis tools, transition support for informal SMEs, and 
incentive schemes. Additionally, the study draws connections between neutrosophic logic and the plural, 
relational worldviews of Andean and Amazonian cultures, underscoring the intercultural relevance of the 
n-alectic approach in designing inclusive and context-sensitive tax policy. 
 

Keywords: Tax conflicts, Textile SMEs, Neutrosophic n-alectics, Formalization, Intercultural logic. 
 

 

1. Introduction 

 

Small and medium-sized enterprises (SMEs) in the Peruvian textile sector are vital to the country’s 
economy, generating approximately 80% of formal employment [1]. Despite their importance, these 

businesses face persistent tax conflicts that threaten their sustainability. Disputes with the National 

Superintendence of Customs and Tax Administration (SUNAT) often arise from errors in tax declarations, 

a lack of tax knowledge, or prolonged administrative procedures [2]. These conflicts not only burden SMEs 

with fines and interest but also diminish their competitiveness in an increasingly globalized economy. 

Historically, the Peruvian tax system has evolved through efforts to formalize economic activity, yet 

regulatory complexity and administrative inefficiencies have continued to disproportionately affect textile 

SMEs [3, 4]. 
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The 2020 pandemic exacerbated this scenario, increasing tax debts as operations were disrupted [5,6]. 

Many SMEs, prioritizing survival, failed to meet their tax obligations, leading to audits, sanctions, and a 

growing sense of mistrust toward the tax authority [7]. Furthermore, slow dispute resolution processes 

aggravate these conflicts, often leaving SMEs with mounting interest and limited capacity for legal defense 

. Although arbitration presents a potentially faster and fairer solution, its implementation remains scarce [. 

Added to this is the ambiguity in tax regulations, which can lead to interpretive discrepancies and reinforce 

perceptions of injustice . Thus, tax conflicts in this sector are not merely legal issues—they are socio-

economic phenomena requiring multidimensional análisis[8,9]. 

To address this complexity, the present study adopts a neutrosophic n-alectic approach [10]. This 

methodology, derived from the refined logic developed by Florentin Smarandache, enables the integration 

of truth (T), indeterminacy (I), and falsity (F) components in modeling the causes of tax disputes. Unlike 

binary models that classify behavior as either compliant or non-compliant, neutrosophic n-alectics allows 

for the representation of contradictory and ambiguous realities [11]. This is particularly relevant in the 

Peruvian textile context, where overlapping factors—such as regulatory ignorance, fluctuating policies, 

financial instability, and mistrust in public institutions—interact in complex ways [12]. 

The research is guided by the following central question: What are the main factors that generate tax 

conflicts in textile SMEs in Metropolitan Lima, and how can they be modeled considering the uncertainty 

and contradictions inherent in stakeholder perceptions? To answer this, the study is structured as follows: 

Section 2 introduces the theoretical framework of neutrosophic n-alectics and contextualizes it within 

Andean and Amazonian worldviews. Section 3 presents a formal n-alectic formulation of the tax conflict 

problem. Section 4 describes the materials and methods used, including the construction of an ideal tax 

behavior profile and the application of a weighted Hamming distance. Section 5 analyzes the results 

obtained from two SME profiles and identifies key differentiating factors. Finally, Section 6 offers 

conclusions and policy recommendations based on the multidimensional diagnostic enabled by the n-

alectic model. 

 
2. Preliminaries. 
2.1. Neutrosophic N-alectics as a Theoretical Framework. 

 

Refined neutrosophic logic considers that each component of knowledge can be broken down into more 
detailed subcomponents[ 12, 13, 14].: (𝑇1, 𝑇2, … , 𝑇𝑝; 𝐼1, 𝐼2, … , 𝐼𝑟; 𝐹1, 𝐹2, … , 𝐹𝑠)          (1) 
Where: 

• p: number of true subcomponents 

• r: number of subcomponents of uncertainty 

• s: number of falsehood subcomponents 

• 𝑛 = 𝑝 + 𝑟 + 𝑠: total number of n- alectic elements 

These subcomponents may represent different degrees, types, or contexts of truth, falsity, or 
indeterminacy. 
 

N-alectic theory is a progressive generalization of dialectical and tri-alectic thinking, based on refined 
neutrosophic logic, which incorporates not only the classical elements of truth (T) and falsity (F), but also 
indeterminism (I) and its multiple subtypes. This proposal, developed by Florentin Smarandache, 
represents a dynamic expansion of logical thinking that allows the modeling of complex realities, where 
multiple components interact in a complementary, contradictory, or indeterminate way [10]. 

Traditional dialectics is based on a binary interaction between opposites (T, F). Tri-alectics , proposed 
by neutrosophy, introduces a third component: indeterminacy (I) , reflecting a more realistic perspective 
on human and social thought[11]. 

N-alectics is then presented as the most general theoretical framework[10]: 
A dynamic between n refined subcomponents of knowledge, which may include several truths (T), 

several falsehoods (F), and multiple forms of indeterminacy (I). 
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A refined 4-component logic can be represented as follows[10]: (𝑇, 𝐼11, 𝐼2, 𝐹)            (2) 
Where: 

• T: True (e.g. man) 
• F: Falsehood (e.g. woman) 
• I 1 : Complementary relationship (cooperation) 
• I2 : Contradictory relationship (conflict) 

 

The n-alectic approach offers several key advantages that make it particularly suitable for analyzing 
complex, real-world scenarios. First, its multidimensional nature allows for the integration of multiple 
perspectives and evaluative criteria, moving beyond binary judgments. It also promotes ethical balance, 
fostering decisions that respect the principles of complementarity and relationality, which are essential in 
plural and participatory contexts. Moreover, it excels in uncertainty management, enabling the analysis of 
ambiguous, contradictory, or incomplete information without forcing premature closure. Finally, its 
intercultural applicability makes it especially valuable in environments shaped by diverse worldviews, 
such as those found in indigenous knowledge systems, where truth is often relational, layered, and 
dynamic. 
 

2.2 N-Alectic Worldviews in Andean and Amazonian Cosmologies 

 

In contrast to classical neutrosophic logic which typically employs a single triplet (T, I, F), the Andean 
cosmovision exemplifies what we might term an n-alectic system, incorporating multiple truth, 
indeterminacy, and falsity components [15]. This can be formalized fro example as: 𝑁𝐴 = < {𝑇1, 𝑇2, … , 𝑇𝑛}, {𝐼1, 𝐼2, … , 𝐼𝑚}, {𝐹1, 𝐹2, … , 𝐹𝑝} >      (3) 

Where the cosmological structure includes: 
Hanan Pacha (𝑇1): The upper world, associated with celestial and divine elements 

Kay Pacha (𝐼1): The present or earthly world where forces coexist 
Uku Pacha (𝐹1): The inner or underground world, the place of ancestors 

Chaupi (𝐼2): The mediating center, space of transition and encounter 

 
Figure 1. Andean Chakana – Neutrosophic Structure. The Chakana (Andean Cross), is a sacred symbol representing the 

tripartite structure of the universe—Hanan Pacha, Kay Pacha, and Uku Pacha—with a central opening symbolizing Chaupi, the 
portal of transition. A visual representation of the n-alectic neutrosophic model. 
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This n-alectic approach allows for more nuanced representations of complex systems where multiple 
dimensions of truth, indeterminacy, and falsity interact simultaneously. In the Andean cosmology, these 
components are not mutually exclusive but rather complementary under the principle of "yanantin." 

Mathematically, we can express the relationship between these components as[19]: 0 ≤  ∑(𝑇𝑖) +  ∑(𝐼𝑗) +  ∑(𝐹𝑘) ≤  𝑛 + 𝑚 + 𝑝       (4) 
where 𝑖 ∈  {1,2, … , 𝑛}, 𝑗 ∈  {1,2, … , 𝑚}, and 𝑘 ∈  {1,2, … , 𝑝} 

This formulation extends neutrosophic logic to accommodate the multilayered nature of ancient 
cosmological systems, providing a bridge between ancestral wisdom and modern mathematical 
approaches to uncertainty and complementarity. 

Building on this framework, the Amazonian cultures of Peru, especially those in the Loreto región, offer 
equally complex and relational understandings of the world. In these worldviews, knowledge is not seen 
as linear or dichotomous but emerges from the interweaving of ecological knowledge, spiritual 
communication, and communal experience. This dynamic and pluralistic epistemology aligns naturally 
with the n-alectic paradigm, making Amazonian cosmologies fertile ground for applying and extending 
refined neutrosophic logic to contexts of intercultural dialogue, sustainability, and epistemic diversity [20, 
21]. 
 

2.3. N-Alectic Formulation of the Problem: Tax Conflicts in Textile SMEs 

 

Tax conflicts represent a multidimensional and persistent challenge for small and medium-sized 

enterprises (SMEs) in Peru's textile sector [22]. These disputes, often stemming from errors in tax returns, 

lack of regulatory understanding, or administrative delays, have significant financial and social 

consequences [23]. In Metropolitan Lima—where most of these SMEs are concentrated—such conflicts not 

only increase debt burdens through fines and interest but also hinder competitiveness in a globalized 

market. The issue arises from a complex interplay of limited tax literacy, ambiguous legal frameworks, and 

administrative inefficiencies[24] . 

The tax conflict experienced by textile SMEs in Metropolitan Lima cannot be adequately captured 

through binary logics such as compliance/non-compliance or legality/illegality. Instead, it demands a logic 

system capable of simultaneously expressing degrees of truth (T), falsity (F), and indeterminacy (I), and 

their subtypes. From the perspective of neutrosophic n-alectics, the conflict can be represented as a 

structured configuration of knowledge components that interact dynamically: 𝐶𝑡𝑎𝑥 = (𝑇1, 𝑇2, 𝑇3, 𝐼1, 𝐼2, 𝐼3, 𝐹1, 𝐹2, 𝐹3)        (5) 

Where: 

 𝑇𝑖: represent compliance-oriented elements (e.g., regulatory knowledge, financial capacity, and 

organizational commitment). 𝐼𝑗: reflect areas of indeterminacy or ambiguity (e.g., frequent legal changes, interpretative gray zones, 

procedural uncertainty). 𝐹𝑘: denote dimensions of non-compliance (e.g., tax ignorance, financial barriers, perception of injustice). 

This formulation not only captures the complexity of tax behavior in SMEs but also enables its 

mathematical modeling under neutrosophic logic. It provides a flexible structure for evaluating real-world 

profiles, detecting causality patterns, and designing interventions. By formally integrating multiple 

dimensions of truth, indeterminacy, and falsity, this n-alectic vector allows for context-sensitive diagnosis 

and the construction of neutrosophic distances to an ideal profile, as developed in the methodological 

section [10]. 

3. Materials and Methods 

This study adopts a neutrosophic n-alectic approach to analyze tax conflicts in small and medium-

sized enterprises (SMEs) within the textile sector. The methodology is structured to capture the 
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multidimensional and uncertain nature of tax compliance behavior, moving beyond traditional binary 

logic. 

3.1. Neutrosophic Modeling Framework 

This study adopts a neutrosophic n-alectic approach to analyze tax conflicts in small and medium-sized 

enterprises (SMEs) within the textile sector. The methodology is structured to capture the multidimensional 

and uncertain nature of tax compliance behavior, moving beyond traditional binary logic. 

Based on the refined neutrosophic logic proposed by Florentin Smarandache, the n-alectic framework 

incorporates multiple truth (T), indeterminacy (I), and falsity (F) components to reflect the complex 

interactions between regulatory knowledge, financial capacity, ambiguity, and perceived fairness. The 

general structure of the neutrosophic vector for each SME profile is defined as: 𝑁 =  (𝑇1, 𝑇2, 𝑇3;  𝐼𝑇 , 𝐼, 𝐼𝐹;  𝐹1, 𝐹2, 𝐹3)        (6) 

• Truth components (T): represent tax compliance factors 

o 𝑇1: knowledge of tax regulations 

o 𝑇2: financial capacity to meet obligations 

o 𝑇3: compliance-oriented organizational culture 

• Indeterminacy components (I): represent tax-related ambiguities 

o 𝐼𝑇: favorable but ambiguous interpretations 

o 𝐼: frequent regulatory changes 

o 𝐼𝐹: gray area between legal avoidance and illegal evasion 

• Falsity components (F): represent non-compliance drivers 

o 𝐹1: ignorance of obligations 

o 𝐹2: financial obstacles 

o 𝐹3: perception of unfair taxation 

3.2. Weight Assignment 

To reflect the relative influence of each dimension on tax conflict scenarios, normalized weights were 

assigned to all nine components, as follows (Table 1.) 

Table 1. Weight Distribution for Neutrosophic Vector Components 

Component Weight 𝑤𝑇1 0.15 𝑤𝑇2 0.15 𝑤𝑇3 0.10 𝑤𝐼𝑇 0.10 𝑤𝐼 0.10 𝑤𝐼𝐹 0.10 𝑤𝐹1 0.10 𝑤𝐹2 0.10 𝑤𝐹3 0.10 

The total weight sum is normalized to 1.0 to ensure comparability. 
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4.3. Ideal Solution Construction 

The ideal SME profile is conceptualized as one that maximizes compliance (T) while minimizing 

indeterminacy (I) and non-compliance (F). Mathematically, the ideal profile is defined as: 𝑥∗ =  (max(𝑇) , max(𝐼𝑇) , min(𝐼) , min(𝐼𝐹) , min(𝐹))       (7) 

4.4. Neutrosophic Distance Calculation 

To evaluate the proximity of each SME profile to the ideal solution, we applied the weighted Hamming 

distance metric (λ = 1), which aggregates the absolute deviations of each component, weighted accordingly: 𝐷(𝑥, 𝑥∗) =  ∑ (𝑤𝑖 ∗  |𝑥𝑖 −  𝑥𝑖∗|𝜆𝑛𝑖=1 )         (8) 

Where: 

• 𝑥 is the observed profile, 

• 𝑥∗ is the ideal profile, 

• 𝑤𝑖 is the weight for component i, 

• 𝜆 =  1 (Hamming distance). 

The profile with the n-alectic distance is considered closer to the ideal tax behavior 

5. Case Study 

Tax disputes remain one of the most pressing challenges for small and medium-sized enterprises (SMEs) 
in the textile industry. These firms operate in highly dynamic environments where legal, economic, and 
operational variables intersect, often generating conditions of partial compliance, regulatory ambiguity, 
and perceived inequity. Conventional binary classifications—such as compliant versus non-compliant—
fail to account for this complexity. 

To address this gap, the present study employs a neutrosophic n-alectic model, derived from the refined 
logic proposed by Florentin Smarandache. This model allows for the simultaneous representation of truth 
(T), indeterminacy (I), and falsity (F) components, distributed across multiple dimensions. In this 
framework, each SME profile is described by a 9-dimensional vector: 

 𝑁 =  (𝑇1, 𝑇2, 𝑇3;  𝐼𝑇 , 𝐼, 𝐼𝐹;  𝐹1, 𝐹2, 𝐹3)        (9) 
 𝑇1: Knowledge of tax regulations 𝑇2: Financial capacity to meet obligations 𝑇3: Compliance-oriented organizational culture 𝐼𝑇: Ambiguous but favorable interpretations 𝐼: Regulatory uncertainty 𝐼𝐹: Confusion between legal avoidance and evasion 𝐹1: Ignorance of obligations 𝐹2: Financial hardship 𝐹3: Perception of excessive or unfair tax burden 

Each component is assigned a normalized weight to reflect its relative contribution to tax conflict 
scenarios, as detailed in the methodology section.  
To assess the practical utility of this model, two distinct SME profiles were constructed: 
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• Profile A: An SME with a formal, structured accounting department. 
• Profile B: An SME that manages its tax affairs informally, without institutionalized support. 

 

The actual values for each profile are summarized below: 
 

Table 2: Neutrosophic Component Values for SME Profiles A and B 

Component Profile A Profile B 𝑇1 0.8 0.3 𝑇2 0.7 0.4 𝑇3 0.8 0.3 𝐼𝑇 0.4 0.5 𝐼 0.3 0.7 𝐼𝐹 0.3 0.6 𝐹1 0.2 0.7 𝐹2 0.3 0.6 𝐹3 0.2 0.7 

 

The ideal SME profile is defined as the one that maximizes T components while minimizing I and F 
components. The ideal vector is expressed as: 𝑥∗ =  (0.9, 0.9, 0.9;  0.3, 0.1, 0.2;  0.1, 0.1, 0.1) 

To quantify the proximity of each profile to the ideal vector x^*, the weighted Hamming distance was 
applied(8). 

For Profile A, the calculated distance is: 𝐷𝐴 =  0.015 +  0.030 +  0.010 +  0.010 +  0.020 +  0.010 +  0.010 +  0.020 +  0.010 =  0.135 

For Profile B, the distance from the ideal is: 𝐷𝐵 =  0.090 +  0.075 +  0.060 +  0.020 +  0.060 +  0.040 +  0.060 +  0.050 +  0.060 =  0.515 

These results highlight a significant divergence in tax compliance profiles. Profile A, characterized by 
stronger institutionalization, aligns much more closely with the neutrosophic ideal than Profile B. The 
largest discrepancies were found in regulatory knowledge (𝑇1), regulatory uncertainty (𝐼), and perceived 
injustice (𝐹3)—components where Profile B exhibits considerably lower performance. 

This confirms that tax behavior in SMEs is not reducible to binary logic but is better understood through 
a multidimensional model where knowledge, ambiguity, and perceptions interact dynamically. The 
neutrosophic n-alectic approach thus provides both a diagnostic and strategic lens for designing targeted 
interventions in the fiscal governance of SMEs. 

The main differences are observed in:  

• Regulatory awareness (T₁): The most notable gap is found in this component, where SMEs in 
Profile B show a value of just 0.3 compared to 0.8 in Profile A. This indicates that lack of 
regulatory awareness is one of the main factors generating tax conflicts. 

• Regulatory uncertainty (I): SMEs in Profile B experience significantly higher levels of 
uncertainty (0.7) compared to those in Profile A (0.3), suggesting that a lack of resources to 
stay up-to-date on regulatory changes amplifies conflicts. 
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• Perception of injustice (F₃): Profile B shows a high value (0.7) compared to Profile A (0.2), 
indicating that the subjective perception of the tax system is a relevant component in the 
generation of conflicts. 

The n-alectic neutrosophic model used here allows us to go beyond simplistic binary classifications of 
compliance versus non-compliance. Instead, it reveals that tax conflicts in textile SMEs emerge from a 
multidimensional interplay of compliance factors (T), uncertainties (I), and non-compliance components 
(F), each with distinct causal weight. 

From this analysis, the following main causes of tax conflicts can be identified: 
• Regulatory ignorance: Lack of up-to-date and understandable information on specific tax 

obligations in the textile sector. 
• Limited financial capacity: Difoculty maintaining adequate cash flow to meet tax obligations 

in a timely manner. 
• Interpretative ambiguity: Gray areas in the interpretation of specific regulations, particularly 

regarding imports, input classification, and machinery treatment. 
• Frequent regulatory changes: Volatility in tax frameworks, complicates long-term planning 

and increases perceived instability. 
• Perception of inequity: The feeling that tax burdens are unfairly high compared to other 

sectors or informal competitors. 
 

The application of neutrosophic n-alectics thus reveals the dynamic and layered nature of tax conflict 
causality in this sector. It highlights how knowledge, interpretation, resource constraints, and subjective 
perceptions co-exist in ambiguous and shifting regulatory terrains. 

The analysis of neutrosophic distances supports the idea that SMEs with formalized tax management 
(Profile A) approximate the ideal neutrosophic tax profile more closely. However, even these enterprises 
are not exempt from challenges, particularly in managing evolving ambiguities and indeterminacies arising 
from complex legislation. 

Based on these findings, the following actions are recommended: 

• Sector-specific training programs: Tailored workshops and tax update sessions that address 
the unique realities of textile SMEs. 

• Regulatory simplification: Streamlining of tax frameworks to reduce ambiguity and 
bureaucratic overload. 

• Self-diagnosis tools: Implementation of instruments based on neutrosophic logic to help 
companies evaluate their tax compliance spectrum periodically. 

• Gradual transition mechanisms: Support schemes to help informally managed SMEs evolve 
into structured, compliant entities. 

• Positive reinforcement: Development of incentive-based programs that reward SMEs 
demonstrating alignment with the neutrosophic ideal of tax behavior. 

 

This study demonstrates the analytical power of neutrosophic n-alectics as a conceptual and 
methodological framework. By formally integrating truth, indeterminacy, and falsity in a 
multidimensional space, it allows researchers and policymakers to detect patterns, gaps, and latent conflict 
drivers that conventional binary approaches overlook. Its application to the textile sector opens new 
possibilities for evidence-based tax policy design, rooted in contextualized and cognitively enriched 
understandings of enterprise behavior[25]. 
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6. Conclusions 

 

This study demonstrates the analytical power and practical relevance of neutrosophic n-alectics in 
modeling and understanding the causes of tax conflicts in textile SMEs. By extending classical binary and 
triadic frameworks, the n-alectic approach enabled the incorporation of multiple components of truth (T), 
indeterminacy (I), and falsity (F)—reflecting the real-world complexity of tax behavior and decision-
making in this sector. 

One of the central advantages of this methodology is its ability to simultaneously capture certainty, 
uncertainty, and contradiction across various factors, such as tax knowledge, financial capacity, regulatory 
ambiguity, and perceived injustice. This multidimensional representation goes far beyond traditional 
compliance vs. non-compliance categorizations, allowing for a more accurate diagnosis of the diverse 
causes and intensities of tax conflict. 

The application of this framework revealed clear differentiation between structured and informal SME 
profiles, with Profile A (structured accounting) achieving a neutrosophic distance of 0.135 compared to 
0.515 for Profile B (informal management). These findings indicate that formalization and institutional 
support significantly reduce the potential for tax disputes, though they do not eliminate the challenges 
posed by legal complexity and evolving norms. 

The n-alectic approach also proved valuable for prioritizing policy interventions. Through the analysis, 
the most influential conflict-generating factors were identified: low tax literacy (T₁), high regulatory 
uncertainty (I), and perceived inequity in tax enforcement (F₃). These components not only affect 
compliance behavior but also shape SMEs' perceptions of the tax system and their willingness to formalize. 
In summary, neutrosophic n-alectics enabled: 
 

• The systematic classification of causal factors into compliance, ambiguity, and non-
compliance categories; 

• A formal method to define and measure proximity to an ideal tax behavior profile; 
• A flexible analytical structure capable of accommodating heterogeneous experiences, 

perceptions, and contexts; 
• A tool for designing targeted policies, such as training programs, simplification of tax 

procedures, and differentiated support mechanisms for informal enterprises. 
 

This study reaforms the relevance of n-alectic thinking for the analysis of complex socio-economic 
problems, especially those involving regulatory friction and asymmetric access to institutional resources. 
Its application to the textile sector in Metropolitan Lima provides a template for further research and public 
policy design, not only in Peru but in other regions with similar challenges. 
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Abstract. This study explores the connection between gamification elements and the development of 
reading habits among eighth-grade students through neutrosophic set theory and fuzzy-set qualitative 
comparative analysis (fsQCA). This investigation is different from previous ones because most studies 
focused on gamification fail to embrace the uncertainty and complexity of real life when it comes to 
generalizability. As a result, a neutrosophic framework was established for this study. To this end, 15 
individuals answered a neutrosophic Likert scale questionnaire which resulted in a conglomerate of ratings 
that depicts their opinion on the gamified elements, technology use, and feedback loop systems afforded 
to them in the experience. Through fuzzifying the results, it became clear that one of the strongly relevant 
adjustments was that technology use and feedback loops generated more motivation to read than gaming 
elements alone. Ultimately, the pathways to developing reading habits exist in a conjunctural and equifinal 
manner no one has applied neutrosophic logic to the field of education with results that teachers can use 
to determine the best way to configure gamified reading experiences. Technology should be used as well 
as acknowledged and learners need to be flexible creatures on which design decisions are based to create a 
gamified experience that fosters adolescent reading habits. 
 

Keywords: Gamification, Reading Habit, Neutrosophic Set Theory, fsQCA, Educational Motivation 

 

1. Introduction 

This study investigates the relationship between gamification [1] and the development of reading habits 

among eighth-grade students—an increasingly relevant topic in contemporary education. In an era filled 

with digital stimuli and fast-paced interactions, fostering a lasting appreciation for reading has become a 

formidable challenge. This research applies neutrosophic set theory, a logic-based framework that models 

degrees of truth (T), indeterminacy (I), and falsity (F), to assess the complex and uncertain relationships 

between gamification strategies and students’ reading behaviors [2,3]. 

The justification stems from the disparity between students wanting to learn—many want to learn via 

active digital experiences—and reading as a somewhat passive experience. Therefore, while many results 

champion the reading of books—from in-school initiatives to the creation of digital libraries (school and at-

home) to champion access—few take complicated and contradictory perspectives from students into 

account through the prisms of contradiction. In addition, the findings of books and gaming do not 

necessarily take a focused assessment of need, but instead a grand theory of everything, where mere 

alignments of successes or failures are not attributed according to engagement findings [4]. 
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mailto:gladisnva@gmail.com
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Thus, to address this gap, this study aims to use the analytical approach stemming from neutrosophic 

fuzzy-set Qualitative Comparative Analysis (fsQCA) based upon causal complexity theory, educational 

gamification engagement, and neutrosophic logic[5,6]. This study will review the literature supporting the 

theory of causation and causality from causal theories, supported by neutrosophy and gamification, then 

present the approach and research design involving neutrosophic Likert scales for data collection, 

fuzzification, and application of fsQCA. Findings will be reported through causal configurations, followed 

by discussion, conclusion, and recommendations for future study. 

 

2. Preliminaries 

2.1. Complexity Theory, Causality, and Neutrosophic Sets in Education 

 

In educational contexts, connections between variables rarely manifest as linear or self-evident. Rather, 

as complexity theory suggests—particularly through Edgar Morin's paradigm of complex thought [7]—
causal relationships interweave in intricate patterns where identical starting points may yield diverse 

outcomes depending on the learning environment's dynamics. This theoretical framework emphasizes 

three key principles: conjunction, equifinality, and causal asymmetry [8, 9]. 

Conjunction demonstrates that multiple factors must align synergistically to generate outcomes—for 

instance, student motivation (M), appropriate pedagogical methods (P), and institutional support (I) can 

be represented as: 𝐸 =  𝑓(𝑀 ∩  𝑃 ∩  𝐼)         (1) 

where 𝐸 denotes educational effectiveness. 

Equifinality[10,11]  indicates that identical educational achievements, such as critical thinking 

development (CT), can be attained through different pathways, expressible as: 𝐶𝑇 =  {𝑝₁ ∨  𝑝₂ ∨  𝑝₃ ∨ . . .∨  𝑝ₙ}        (2) 

where each 𝑝ᵢ represents a distinct pedagogical approach. 

Causal asymmetry[10,11] warns that while certain conditions may facilitate learning (like a highly 

qualified teacher, T), their absence doesn't necessarily precipitate academic failure, as other elements may 

compensate: ¬𝑇 ↛  ¬𝑆           (3) 

where S represents student success. 

An illustrative example can be observed in a university implementing personalized tutoring 

programs[12]. For certain students, this intervention is determinative for academic success. For others, 

flexible scheduling or access to digital learning platforms may be the decisive factor. Even if one factor is 

removed, outcomes will not be uniformly affected, demonstrating that the relationship between 

pedagogical strategies and results is not direct or universal, but rather complex, contextual, and sensitive 

to multiple combinations. 

This is where neutrosophy offers an expanded perspective: by incorporating degrees of truth (T), falsity 

(F), and indeterminacy (I), neutrosophic sets can be formalized as[13]: 𝐴 =  {𝑥(𝑇_𝐴(𝑥), 𝐼_𝐴(𝑥), 𝐹_𝐴(𝑥)) | 𝑥 ∈  𝑋}       (4) 

Enabling representation of the uncertainty and ambiguity inherent in actual educational processes. 

Thus, this logic provides a framework more aligned with the human and dynamic nature of education, 
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acknowledging that between pedagogical intention and obtained results exist gray zones requiring 

modeling with epistemological sensitivity . As Morin articulated in his principle of recursive causality[14], 

educational outcomes simultaneously act as causes and products of the process that generates them, 

creating self-reinforcing feedback loops that neutrosophic logic is uniquely positioned to capture. 

2.2. Neutrosophic Liker scales 

Surveys using neutrosophic Likert scales [15,16] effectively measure the diversity of opinions and their 
influence on public policy and social discourse, capturing areas of consensus, disagreement, and 
ambivalence. 

Below we present the fundamental definitions and concepts related to neutrosophic sets and single-
valued neutrosophic sets. 

Definition 1 ([17]). Let U be a discursive universe. 𝑁 = {( 𝑥 , 𝑇 ( 𝑥 ), 𝐼 ( 𝑥 ), 𝐹 ( 𝑥 )): 𝑥 ∈ 𝑈 } is a neutrosophic 
set, denoted by a truth membership function, 𝑇𝑁 : 𝑈 → ]0 − , 1+[; an indeterminate membership function , 𝐼𝑁 : 𝑈 → ]0 − , 1+[; and a falsehood membership function , 𝐹𝑁 : 𝑈 → ]0 − , 1+[. 

Single-valued neutrosophic sets provide a way to represent and analyze possible elements in the 
universe of discourse 𝑈 

Definition 2 ([18]). Let U be a discursive universe. A single-valued neutrosophic set is defined as 𝑁 = {( 𝑥 , 𝑇 ( 𝑥 ), 𝐼 ( 𝑥 ), 𝐹 ( 𝑥 )): 𝑥 ∈ 𝑈 }, which is identified by a truth membership function, 𝑇𝑁 : 𝑈 → [0, 1]; 
indeterminacy membership function , 𝐼𝑁 : 𝑈 → [0, 1]; and falsehood membership function , 𝐹𝑁 : 𝑈 → [0, 1], 
with 0 ≤ 𝑇𝑁 ( 𝑥 )+ 𝐼𝑁 ( 𝑥 )+ 𝐹𝑁 ( 𝑥 )≤3 

Using neutrosophic scales with single-valued neutrosophic sets, responses are categorized according to 
the total of the True, Indeterminate, and False components as follows [19]: 

• T+I+F<1: Incomplete 

• T+I+F=1: Complete 

• T+I+F>1: Contradictory 

These values are obtained because, in many cases, opinions are incomplete or contradictory. This 
classification is one of the advantages of using neutrosophic methods, as it allows for a more nuanced 
understanding of the different degrees of truth, indeterminacy, and falsity in the responses [20-23]. 

 

2.3. Gamification: The Necessity of Causal Understanding 

Gamification has emerged as an innovative strategy incorporating game elements into non-game 
environments such as education, work, and healthcare. This approach aims to capture participants' 
attention, encouraging engagement through rewards, challenges, and interactive dynamics. In educational 
contexts, gamification transforms routine activities into engaging experiences intended to motivate deeper 
student involvement [24]. However, despite its growing popularity, a critical gap exists in understanding 
the causal mechanisms that make certain gamification strategies effective while others fail [25]. 

Current gamification practices frequently employ elements such as points, badges, leaderboards, and 
narratives [26] based on general assumptions about motivation rather than empirically validated causal 
relationships. While these elements derive from game design principles, their application in educational 
contexts demands a more nuanced understanding of how, why, and under what conditions influence 
learning behaviors. The prevalent approach of implementing multiple gamification elements 
simultaneously without considering their complex interactions represents a significant limitation in current 
practice. 

From a theoretical perspective, the effectiveness of gamification has been linked to psychological 
frameworks such as self-determination theory, which emphasizes the importance of autonomy, 
competence, and relatedness in human motivation [27]. By offering users control over their decisions and 
opportunities to demonstrate mastery, gamified dynamics can strengthen engagement. However, the 
precise causal pathways through which these psychological needs are satisfied by specific game elements 
remain insufociently understood, leading to inconsistent implementation outcomes. 
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The complexity of causal relationships in educational gamification becomes particularly evident when 
examining the varied results across different studies. For instance, while some research demonstrates that 
students exposed to points and challenge systems read more books on their own initiative [28], other 
implementations show minimal or even negative effects.[29] These inconsistencies suggest that 
gamification effectiveness likely depends on specific causal combinations and contextual factors rather than 
the mere presence of game elements. 

 

 

Figure 1. Conjunctural Causality in Educational Gamification: A Venn-Pathway Model of Alternative Routes Toward 
Reading Habit Formation. 

 

This diagram illustrates the principle of equifinality in educational gamification, showing how different combinations of game 
elements—such as challenges, narrative immersion, rewards, peer feedback, and customization—can lead to the same outcome: the 
development of sustained reading habits. The figure highlights that no single gamification element is universally effective on its 
own; rather, specific pathways composed of conjunctural configurations are what generate success. This model underscores the 
need for causal-comparative methods to identify robust combinations across contexts. 

 

Failed gamification initiatives provide further evidence of the necessity for causal understanding. 
Studies have demonstrated that improper implementation can generate disinterest or rejection when 
participants perceive mechanics as artificial or manipulative [30]. These failures typically stem from a 
fundamental misunderstanding of the causal relationships between intervention components and desired 
outcomes. Without a clear causal model, gamification risks being reduced to "superficial reinforcement" 
that fails to generate sustainable behavioral changes. 

The technological dimension adds another layer of complexity to understanding gamification's causal 
mechanisms. Mobile apps and online platforms have facilitated the creation of accessible and personalized 
gamified experiences, yet this technological dependence could limit reach in communities with limited 
access to devices or internet connectivity [31]. This raises important questions about how technological 
factors interact with gamification elements to influence outcomes across different populations and settings. 

Future gamification research must prioritize the identification of causal patterns through methodologies 
capable of handling complexity and uncertainty. Advanced analytical approaches like fuzzy-set qualitative 
comparative analysis (fsQCA) and neutrosophic logic offer promising avenues for untangling the complex 
causal conditions under which gamification elements effectively influence educational outcomes. These 
methodologies can accommodate the equifinality (multiple pathways to the same outcome) and 
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conjunctural causation (combinations of conditions rather than isolated factors) that characterize 
educational processes. 

In conclusion, while gamification presents significant opportunities for transforming educational 
engagement, advancing the field requires a fundamental shift toward causally informed design. By moving 
beyond simplistic implementation of game elements to a deeper understanding of causal mechanisms, 
researchers and educators can develop more effective, targeted interventions that produce sustainable 
improvements in learning behaviors and outcomes. This shift from intuition-based to evidence-based 
causal design represents the next critical frontier in educational gamification research... 

3. Material and Methods  

3.1 Research Design 

This investigation implements a neutrosophic fuzzy-set qualitative comparative analysis (fsQCA) to 
examine the relationship between gamification strategies and reading habits among eighth-grade students. 
The methodology follows a systematic process that accounts for uncertainty, indeterminacy, and 
complexity in educational phenomena. 

3.2 Problem Identification and Variable Selection 

The defined outcome is Reading Habit (RH) among eighth-grade students. Three key predictor variables 
were identified: 

• Implemented Game Elements (IGE): Incorporation of elements such as points, badges, 
leaderboards, and challenges into reading activities. 

• Applied Digital Technology (ADT): Use of applications, digital platforms, and electronic devices 
facilitating gamified reading experiences. 

• Immediate Feedback (IF): Systems providing immediate responses and rewards for 
participation in gamified reading activities. 

3.3 Data Collection 

A survey was conducted among 15 eighth-grade students from an Ecuadorian school who participated 
in a reading promotion program with gamification elements during one academic semester. Responses 
were collected using neutrosophic Likert scales, where each response is expressed as a triplet (T, I, F): 

T: degree of truth (positive membership) 

I: degree of indeterminacy (neutral membership) 

F: degree of falsity (negative membership) 

This approach captures nuances in participant responses beyond traditional Likert scales, allowing for 
expression of partial truth, uncertainty, and falsity simultaneously. 

3.4 Fuzzification Process 

The neutrosophic sets obtained through surveys were transformed into equivalent fuzzy sets using 
Equation 1[6]: 𝜇𝐴(𝑥) = 1 − 12 [(1 − 𝑇𝐴(𝑥)) + max {𝐼𝐴(𝑥), 𝐹𝐴(𝑥)}]      (5) 

where: 𝜇𝐴(𝑥) is the equivalent fuzzy membership function 𝑇𝐴(𝑥) is the truth-membership function 𝐼𝐴(𝑥) is the indeterminacy-membership function 𝐹𝐴(𝑥) is the falsity-membership function 
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This transformation maintains the inherent complexity of the original neutrosophic data while enabling 
subsequent analyses within the fuzzy-set framework. 

3.5 Analysis Procedure 

Fuzzy-set Qualitative Comparative Analysis (fsQCA) was implemented to identify combinations of 
factors associated with reading habit development. The analysis evaluated both individual conditions and 
their various configurations using two key metrics: 

3.5.1 Consistency Analysis [32] 

Consistency measures how reliably a set of conditions produces the desired outcome, calculated using 
Equation 2: 𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 (𝑌𝑖 ≤  𝑋𝑖) = ∑ min (𝑋𝑖, 𝑌𝑖)∑ 𝑌𝑖             (6) 

3.5.2 Coverage Analysis 

Coverage indicates the degree to which the outcome is explained by an arrangement of conditions, 
calculated using Equation 3: 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 (𝑌𝑖 ≤  𝑋𝑖) = ∑ min (𝑋𝑖, 𝑌𝑖)∑ 𝑋𝑖                           (7) 

Where: 

 𝑋𝑖is the membership value of case i in the set of causal conditions. 𝑌𝑖is the membership value of case iii in the result set. 
 

Generally, consistency and coverage values above 0.8 indicate strong relationships between conditions 
and outcomes. These metrics enable rigorous assessment of both necessary and sufocient conditions for 
developing reading habits through gamified interventions. 

3.6 Software Implementation 

Data processing was performed using fsQCA for Windows software, which facilitates set-theoretic 
analysis and identification of complex causal relationships. The software enables systematic evaluation of 
necessary conditions, sufocient conditions, and multiple combinatorial pathways leading to the outcome 
of interest.[33] 

4. Results. 
4.1 Neutrosophic Survey Data 

A survey was conducted among 15 eighth-grade students using neutrosophic Likert scales to measure 

how different gamification strategies influence reading habits. Table 1 presents the raw neutrosophic data 

collected, where each value is expressed as a triplet (T, I, F) representing truth, indeterminacy, and falsity 

degrees. 

Table 1. Survey data 

Student Implemented Game 
Elements (IGE) 

Applied Digital 
Technology (ADT) 

Immediate 
Feedback (IF) 

Reading 
Habit (RH) 

1 (0.9, 0.8, 0.1) (0.6, 1.0, 0.6) (0.3, 0.7, 0.3) (0.8, 0.6, 0.7) 
2 (0.6, 0.6, 0.6) (1.0, 1.0, 1.0) (0.6, 0.1, 0.6) (0.6, 0.6, 0.7) 
3 (0.8, 0.7, 0.4) (0.7, 0.9, 0.6) (0.8, 0.6, 0.6) (0.8, 0.6, 0.6) 
4 (1.0, 1.0, 0.0) (0.8, 0.8, 0.0) (1.0, 0.9, 0.3) (0.7, 1.0, 0.9) 
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Student Implemented Game 
Elements (IGE) 

Applied Digital 
Technology (ADT) 

Immediate 
Feedback (IF) 

Reading 
Habit (RH) 

5 (1.0, 0.6, 0.0) (1.0, 0.6, 1.0) (1.0, 0.6, 1.0) (0.9, 0.6, 0.1) 
6 (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) (0.9, 0.9, 0.9) 
7 (0.1, 0.6, 0.8) (1.0, 0.0, 0.0) (0.6, 0.6, 0.6) (0.8, 0.6, 0.1) 
8 (1.0, 0.9, 0.1) (0.9, 0.9, 0.1) (0.9, 0.9, 0.1) (0.9, 0.9, 0.1) 
9 (1.0, 1.0, 0.0) (0.8, 0.8, 0.0) (1.0, 0.0, 0.0) (0.9, 0.0, 0.0) 

10 (0.7, 1.0, 0.1) (0.9, 0.4, 0.0) (0.6, 0.9, 0.1) (1.0, 0.0, 0.0) 
11 (0.4, 0.7, 0.1) (0.3, 0.9, 0.4) (0.8, 0.4, 0.6) (0.4, 0.8, 0.3) 
12 (0.6, 1.0, 0.6) (0.6, 0.6, 0.1) (0.1, 0.6, 0.7) (1.0, 0.0, 0.1) 
13 (0.8, 0.6, 0.3) (0.7, 0.7, 0.3) (0.9, 0.5, 0.2) (0.8, 0.5, 0.3) 
14 (0.9, 0.3, 0.2) (0.8, 0.7, 0.1) (0.7, 0.6, 0.4) (0.7, 0.6, 0.3) 
15 (0.7, 0.5, 0.4) (0.9, 0.4, 0.2) (0.8, 0.3, 0.1) (0.9, 0.2, 0.1) 

4.2 Distribution of Values After Fuzzification 

The neutrosophic data collected through the survey were transformed into fuzzy values using Equation 5 

Table 2 presents the results of this fuzzification process for each student and variable. 
 

Table 2. Fuzzy values after fuzzification 

 

Student Implemented Game 
Elements (IGE) 

Applied Digital 
Technology (ADT) 

Immediate 
Feedback (IF) 

Reading 
Habit (RH) 

1 0.45 0.30 0.35 0.45 

2 0.40 0.50 0.45 0.40 

3 0.45 0.35 0.40 0.45 

4 0.50 0.50 0.40 0.35 

5 0.60 0.47 0.45 0.60 

6 0.50 0.50 0.50 0.50 

7 0.15 1.00 0.40 0.55 

8 0.50 0.50 0.50 0.50 

9 0.50 0.50 1.00 0.95 

10 0.35 0.70 0.35 1.00 

11 0.30 0.15 0.40 0.25 

12 0.30 0.45 0.15 0.95 

13 0.45 0.40 0.55 0.50 

14 0.65 0.50 0.40 0.45 

15 0.45 0.60 0.65 0.80 

4.3 Analysis of Necessary Conditions 

A necessary condition analysis was performed to determine the consistency and coverage of each variable 

with respect to reading habit development, using Equations 6 and 7. The results are presented in Table 3. 

Table 3. Analysis of necessary conditions 

Condition Consistency Coverage 

IGE 0.5869 0.5985 

ADT 0.6875 0.6347 

IF 0.6442 0.6786 

RH 0.6238 0.5972 
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The analysis reveals that Applied Digital Technology (ADT) has the highest consistency value (0.6875), 
followed by Immediate Feedback (IF) at 0.6442. This suggests that the use of digital technologies and 
immediate feedback systems are key factors in developing reading habits in a gamified context. 

In terms of coverage, Immediate Feedback (IF) shows the highest value (0.6786), followed by Applied 
Digital Technology (ADT) with 0.6347. This indicates that immediate feedback has a greater capacity to 
cover different cases in which reading habits develop. 

Implemented Game Elements (IGE) show the lowest values in both consistency (0.5869) and coverage 
(0.5985), suggesting that although they are important, they are less determined on their own compared to 
the other factors. 

 

4.4 Set Matching Analysis 

 

Set matching analysis provides insight into how different conditions interrelate in the context of reading 
habit development. The results are presented in Table 4. 

Table 4. Set matching analysis 

Conditions Coincidence 

IGE, ADT, IF 0.3628 

IGE, ADT 0.3832 

IGE, IF 0.3942 

ADT, IF 0.5072 

This analysis reveals significant patterns: 

• The combination of all three factors (IGE, ADT, IF) shows a correlation coefficient of 0.3628, 

indicating a moderate-low level of correlation. Although each of these conditions influences 

reading habits, their combined effect does not maximize their potential in this analysis. 

• For the combination of Implemented Game Elements (IGE) and Applied Digital Technology 

(ADT), the coincidence is 0.3832. This result shows that the interaction between these two 

conditions produces a moderate effect on reading habits. 

• The correlation between Implemented Game Elements (IGE) and Immediate Feedback (IF) is 

0.3942, slightly higher than the previous combination. This suggests that game elements, when 

combined with immediate feedback systems, have a moderate impact on reading habit 

development. 

• The correlation between Applied Digital Technology (ADT) and Immediate Feedback (IF) is 

0.5072, the highest value among the combinations evaluated. This indicates that the interaction 

between these two factors has a stronger correlation and suggests that the use of digital 

technologies combined with immediate feedback systems has a stronger and more direct 

relationship with the development of reading habits compared to other combinations. 

4.5 Results of Subset/Superset Analysis 

Detailed analysis of the subset/superset results reveals significant patterns in the relationship between 

gamification strategies and reading habits in eighth-grade students, as shown in Table 5. 
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Table 5. Results of subset/superset analysis 

Terms Consistency Coverage Set 
IGE, ADT, IF 0.362847 0.388323 0.375585 

IGE, ADT 0.383168 0.410749 0.396958 

IGE, IF 0.394222 0.422575 0.408399 

ADT, IF 0.507186 0.543916 0.525551 

IGE 0.586946 0.598515 0.592731 

ADT 0.687462 0.634701 0.661081 

IF 0.644228 0.678555 0.661391 

4.5.1 Individual Conditions Analysis 

• Applied Digital Technology (ADT) shows a consistency of 0.687462 and coverage of 0.634701, 

with a combined average of 0.661081. 

• Immediate Feedback (IF) has a consistency of 0.644228 and coverage of 0.678555, with a 

combined average of 0.661391. 

• Implemented Game Elements (IGE) show a consistency of 0.586946 and coverage of 0.598515, 

with a combined average of 0.592731. 

This indicates that both Applied Digital Technology and Immediate Feedback have a similar and 

significant influence on the development of reading habits, while Implemented Game Elements, although 

important, have a slightly smaller impact when considered in isolation. 

4.5.2 Combination Analysis 

• The combination of ADT and IF shows the largest joint effect, with a consistency of 0.507186 

and coverage of 0.543916 (combined mean of 0.525551). This suggests that the integration of 

digital technologies with immediate feedback systems creates a particularly effective 

environment for developing reading habits. 

• Combinations that include all three factors (IGE, ADT, IF) show lower values (consistency: 

0.362847, coverage: 0.388323, set: 0.375585), which could indicate that an overly complex 

approach may dilute the effectiveness of the intervention. 

 

 

Figure 2. Directed Acyclic Graph (DAG) Representing Causal Relationships Among Gamification Factors and 
Reading Habit 

This graph visually summarizes the strongest causal paths identified through neutrosophic fuzzy-set analysis. The 
bold arrows highlight the primary pathway from Applied Digital Technology (ADT) directly to Reading Habit (RH), 
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and through Immediate Feedback (IF), indicating a reinforced mediated effect. Thinner arrows represent weaker, yet 
present, causal contributions from Implemented Game Elements (IGE). 

 

5. Discussion 

The neutrosophic analysis of gamification strategies and their influence on reading habits among 

eighth-grade students has yielded several significant insights that have both theoretical and practical 

implications for educational interventions. 

5.1 Synergistic Effects of Digital Technology and Immediate Feedback 

The results present a combined correlation of 0.5072 between Applied Digital Technology and 

Immediate Feedback when both are applied. Such interaction supports twenty-first century learning 

theories which indicate that rapid suggestions are necessary within digital confines. Therefore, the 

combination fosters a "reactive digital environment" that seemingly works best at cultivating reading 

behaviors. This is a natural progression of findings [32] because it indicates that although digital mediums 

operate alone (consistency: 0.6875), their use is exponentially increased when paired with immediate 

feedback systems. Therefore, relative to instructional design, it demonstrates that developers of reading 

applications should focus on design elements of extensive feedback systems instead of the type of content 

offered or the usability. 

5.2 The Paradox of Complexity in Gamification Design 

Interestingly, we find a "complexity paradox" regarding gamification design. While each element (IGE, 

ADT, IF) positively correlates with forming reading habits, the consistency (0.362847) and coverage 

(0.388323) values are lowest under the condition that all three are introduced simultaneously. One would 

think that more is better, but in this case, less is more. Yet this paradox is not surprising based on the 

literature. Cognitive load theory [33] supports the advantages of having less. When students are taught 

game elements, elements of the digital game interface, and digital incentives/failures simultaneously, they 

may surpass their cognitive threshold, resulting in ineffective learning. In addition, the neutrosophic theory 

acknowledges the uncertain nature of such complicated relationships and notes that with increasing 

complexity, uncertainty only increases. 

5.3 The Relative Impact of Game Elements 

The Implemented Game Elements (IGE) showed the lowest consistency (0.5869) and coverage (0.5985) 

values among the three factors studied. This finding provides a nuanced perspective on the role of 

traditional gamification components (points, badges, leaderboards) in educational contexts. While these 

elements contribute to reading habit formation, they appear less influential than technological integration 

or feedback mechanisms. 

This result may challenge some prevailing assumptions in gamification literature that often emphasize 

game mechanics as primary motivational drivers [34]. Instead, our findings suggest that game elements 

might better serve as supportive features rather than as the central components of educational 

interventions aimed at developing reading habits. 

5.4 Educational Implications and Recommendations 

The findings from this neutrosophic analysis have several practical implications for educators and 

educational technology designers: 

1. Prioritize Integrated Feedback Systems: Educational applications designed to promote 

reading should incorporate immediate, personalized feedback systems that respond to 

student interactions in real-time. The strong performance of the IF variable (coverage: 0.6786) 

suggests this should be a priority feature. 
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2. Embrace Strategic Minimalism: Rather than implementing numerous gamification elements 

simultaneously, educators might achieve better results by selectively implementing fewer, 

more carefully chosen components. The relatively lower effectiveness of the three-component 

combination suggests a "less is more" approach may be beneficial. 

3. Contextualize Digital Tools: The high consistency value for ADT (0.6875) indicates that 

digital technology remains a powerful tool for reading promotion, but its implementation 

should be thoughtfully integrated with feedback mechanisms for maximum impact. 

4. Consider Student Individuality: The neutrosophic approach used in this study acknowledges 

that educational interventions affect students differently. The varying degrees of truth, 

indeterminacy, and falsity captured in the original data reflect the individualized nature of 

learning responses that should inform personalized approaches to reading promotion. 

5.5 Methodological Contributions 

Beyond its substantive findings, this study demonstrates the value of neutrosophic set theory in 

educational research. The ability to capture indeterminacy through the third dimension (I) of neutrosophic 

logic provides a more nuanced understanding of educational phenomena than traditional binary or even 

fuzzy approaches allow. This methodological innovation offers a more realistic representation of the 

complex, often uncertain relationships between educational interventions and outcomes. 

The fuzzy-set qualitative comparative analysis (fsQCA) approach, enhanced by neutrosophic logic, 

allows for the identification of multiple pathways to the same outcome (equifinality), aligning with the 

complex nature of educational processes. This methodological approach acknowledges that there is rarely 

a single "best practice" that works universally for all students in all contexts. 

5.6 Limitations and Future Research Directions 

While this study provides valuable insights, several limitations should be acknowledged. The sample 

size (15 students) is relatively small, which may limit the generalizability of findings. Additionally, the 

study was conducted in a specific cultural context (Ecuador), and cultural factors may influence how 

students respond to gamification strategies. 

Future research could expand on these findings by: 

1. Conducting larger-scale studies across diverse cultural contexts to test the generalizability of 

the observed relationships. 

2. Employing longitudinal designs to assess the sustainability of reading habits developed 

through gamified interventions. 

3. Exploring the specific mechanisms through which digital technology and feedback systems 

interact to enhance reading motivation and habit formation. 

4. Investigating how different types of game elements (competitive vs. collaborative, extrinsic vs. 

intrinsic) might yield different patterns of effectiveness. 

5. Examining how individual differences in students (learning styles, prior reading attitudes, 

technological familiarity) moderate the effectiveness of various gamification strategies. 

In conclusion, this neutrosophic analysis reveals that the relationship between gamification strategies 

and reading habit development is complex and multifaceted. The findings suggest that educational 

interventions should be designed with careful attention to the synergistic effects of different elements, 

rather than if more gamification features will invariably produce better outcomes. By prioritizing the 

integration of digital technologies with immediate feedback systems, educators may create more effective 

pathways to developing sustainable reading habits among adolescent students [35,36]. 
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6. Conclusions 

This study provides a novel perspective on the interplay between gamification strategies and the 

development of reading habits among eighth-grade students by applying neutrosophic set theory within a 

fuzzy-set Qualitative Comparative Analysis (fsQCA) framework. The findings highlight that while 

traditional game elements—such as points and challenges—play a role, they are not sufficient on their own 

to foster consistent reading habits. Instead, the combination of applied digital technologies and immediate 

feedback systems emerged as the most influential and robust factors, especially when tailored to student 

contexts. 

A key contribution of this work lies in its methodological innovation: using neutrosophic logic to 

capture the ambiguity, partial truth, and uncertainty present in educational responses. This approach 

allows for a more realistic and context-sensitive analysis, moving beyond binary or overly deterministic 

models of behavior. 

From a pedagogical standpoint, the results underscore the importance of strategic minimalism in 

gamification design—prioritizing well-integrated, feedback-rich digital interventions over the 

simultaneous implementation of multiple game elements that may lead to cognitive overload. 

The study also reinforces the idea that causal complexity is central to educational outcomes. Therefore, 

educators and designers should not only focus on which gamification elements to use but also understand 

how and under what combinations they work. Future research can build on this model by expanding the 

sample size, exploring cross-cultural applications, and incorporating longitudinal methods to assess the 

sustainability of reading habits over time. 

Ultimately, this work contributes to the emerging field of Neutrosophic Educational Analytics, offering 

theoretical advancement and practical guidance for evidence-based, causally informed intervention 

strategies that can effectively foster student motivation and learning engagement in the digital era. 
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Abstract. The contribution of this article is to a basic neuromarketing question: awareness of how / why we 
buy in an overstimulating external environment. More specifically, the question is how ambiguous 
perceptions and unclear responses influence buying behavior; something the traditional systems sought 
have not extensively explored. The contribution is made through a decade's systematic review of the 
literature and subsequent application of neutrosophic Z numbers to quasi-experimental findings. The 
literature es compiled through the neutrosophic Z system of assessment to reveal trends and tendencies 
reflecting certain and uncertain findings of consumer response to marketing persuasion. This matters 
because relative to marketing and business development of advertising and public relations, it's critical 
since consumption-based economies hinge upon how well / intelligently goods and services are 
sold/marketed. Previous literary research has assessed the neuroscience foundations of neuromarketing 
from various situations, yet little has been recognized that humans might not always be driven to make 
mutually exclusive financial decisions. Therefore, the literature gap exists. Results are that neutrosophic Z 
numbers appeal directly to vagueness, assessing levels of attention greater than just attention, justifying 
why and when consumers buy — with uncertainty, and the potential for conflicting perspectives. 
Ultimately, this adds to the theoretical body of knowledge through a new lens and practically empowers 
professionals to assess consumer activities and reactions more logically and compassionately, thus 
strengthening competitive advantage strategies. 
 

Keywords: Neuromarketing, Purchase Decisions, Systematic Review, Neutrosophic Z Numbers, 
Consumer Behavior, Uncertainty, Human Perception, Marketing Strategies, Neutrosophic Analysis. 
 

1. Introduction 

Neuromarketing refers to the confluence of neuroscience and marketing and has become a new and 

necessary field of study to understand why people buy. This article investigates the phenomenon of 

comprehending how perceptions and related brain reactions facilitate unconscious engagement in the 

buying process within a Marketplace [1]. This is relative to the contemporary period because we live in a 

heavily digitalized world that is saturated with purchasing advertisements that need to be finely tuned for 

maximum reach and maximum return on investment 1. Knowing how and why the mind works in such a 

manner not only fine-tunes purchase potential but also conveys truths about existence in general when 

leveraged with capitalist opportunities [2]. Therefore, the investigation is supported by a systematic 

literature review over the last decade with neutrosophic Z numbers to determine the relevance of such a 

phenomenon in a merciless society flush with excessive information [3]. The phenomenon is traced back to 

2000 when the word neuromarketing was coined in 2002 to describe the new use of fMRI and other tactics 

to understand customer reaction [4]. The progression over the years is intertwined with technological 

advancements and developments in emotional assessment, as deciphering emotions has become even more 

important as a determinant for purchases within the last decade (2015-2025) [5]. Ultimately, with e-
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commerce and social media reigning over shopping culture, companies need to better distinguish what 

people want [6-7]. This contextualization demonstrates the necessity of not merely studying through 

conventional means. 

Yet a central problem remains in this realm: How to measure the multiformity of buying behavior 

where uncertainty, contradiction, and subjectively perceived realism are issues not always factored? The 

nature of the problem deepens from two angles: Consumer sentiment wavers between a level of certainty 

and emotional ambiguity. The latter sways marketing campaign effectiveness. Thus, an attempt to remedy 

the situation will be made via an unconventional solution: neutrosophic Z numbers [3], which render a 

modeling framework through which human response ambiguity and indeterminacy can be assessed. This 

is a reviewed systematic article review of neuromarketing literature within the past decade which seeks a 

remediated perception from a different perspective as the topic has been assessed before yet not 

understood successfully. Thus, an assessment of the ambiguities either ignored or superficially assessed 

will guide the way. The purpose of this study is thus clear and relevant to the problem posed. First, to 

assess neutrosophic Z numbers relative to detecting decision-making patterns which assess both certainty 

and uncertainty. Second, to assess key neuromarketing breakthroughs within the last decade to determine 

patterns for future marketing activities. These purposes support the structure of the article which will serve 

theoretical and practical contributions. 

 
2. Preliminaries 

2.1 Purchase Decisions in Neuromarketing 

Neuromarketing, a field that intertwines neuroscience and commercial strategies, seeks to decipher the 

impulses that lead consumers to choose one product over another [8]. This approach has gained ground by 

offering a window into the brain processes underlying purchasing decisions, an aspect that traditional 

market research methods often overlook. Its relevance lies in its ability to transform the way companies 

design campaigns, adjusting them to the audience's emotional and cognitive responses [9]. However, its 

application raises both opportunities and questions that deserve careful analysis. Since its inception in the 

2000s, neuromarketing has evolved thanks to tools such as functional magnetic resonance imaging and eye 

tracking, which allow us to observe how the brain reacts to advertising stimuli [10]. These technologies 

have revealed that purchasing decisions are not always rational but are influenced by emotions and 

subconscious associations [11]. Despite these advances, the field faces the challenge of interpreting complex 

and subjective data, which generates debate about its accuracy and scope in real-world contexts. 

The strength of neuromarketing is its ability to identify hidden patterns in consumer behavior. For 

example, studies have shown that brain areas associated with pleasure, such as the nucleus accumbent, are 

activated when faced with attractive brands, suggesting a direct connection between visual stimuli and 

preferences [12]. However, this strength is tempered by the difficulty of generalizing findings, since 

neuronal responses vary between individuals and cultures, limiting their universal applicability. 

Furthermore, neuromarketing offers companies a practical advantage by allowing them to customize 

advertising strategies based on biological reactions [9]. Campaigns that appeal to specific emotions, such 

as nostalgia or fear, have proven to be more effective than those based solely on technical information [13]. 

However, this capability raises ethical dilemmas: to what extent is it acceptable to manipulate purchasing 

decisions by exploiting subconscious vulnerabilities? The integration of neuroscience into marketing has 

also enriched the understanding of how memory and attention influence commercial choices. For example, 

ads that create a strong emotional impression tend to be more memorable, reinforcing the idea that 

consumer experience transcends simple cost-benefit analysis [11]. However, reliance on expensive and 

specialized equipment restricts access to these techniques, favoring large corporations over small 

businesses.  

From another perspective, neuromarketing faces criticism for its potential reductionism. By focusing on 

neural responses, it could ignore external factors such as the social context or economic dynamics that also 

shape decisions [14]. This limitation suggests that, although valuable, the neuroscientific approach should 
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be complemented by other disciplines to offer a more holistic view of purchasing behavior. In favor of 

neuromarketing, its flexibility to adapt to digital environments is undeniable. In the era of social media and 

e-commerce, eye-tracking techniques and real-time emotion analysis allow advertising messages to be 

adjusted instantly [10]. However, this adaptability requires constant updating of methods and a clear 

ethical framework to avoid abuses, such as the overexploitation of personal data. In terms of impact, 

neuromarketing has revolutionized the way advertising effectiveness is measured, displacing subjective 

surveys with more objective biological indicators [12]. Companies that have adopted these tools report 

increases in customer loyalty and conversion rates [13]. However, success depends on careful 

implementation that avoids misinterpretations of neuroscientific data. Critically, the validity of 

neuromarketing as a science remains controversial. Some experts argue that correlations between brain 

activity and decisions do not always imply causality, which could lead to exaggerated conclusions [14]. 

This uncertainty invites a cautious use of its findings, balancing enthusiasm with skepticism so as not to 

overestimate their predictive power.  

In short, neuromarketing represents a powerful tool for understanding and shaping purchasing 

decisions, but its value is limited by its execution and context. It offers unique insights and practical 

applications that transform modern marketing, although its ethical, technical, and conceptual limitations 

require a thoughtful approach. Its future will depend on how well it integrates technological advances with 

a broader understanding of the consumer as a complex and multifaceted being. 

 

2.2 Neutrosophic Z Numbers 

 

This section contains the main concepts used in this article; let's start with the formal definition 
of the set of neutrosophic Z  numbers. 

Definition 1 ([15, 16, 17]). Let X be a set of universes. A neutrosophic Z  number The set in X is defined 
as follows: 𝑆𝑍 = {〈𝑥, 𝑇(𝑉, 𝑅)(𝑥), 𝐼(𝑉, 𝑅)(𝑥), 𝐹(𝑉, 𝑅)(𝑥)〉: 𝑥 ∈ 𝑋}                  (1) 

Where 𝑇(𝑉, 𝑅)(𝑥) = (𝑇𝑉(𝑥), 𝑇𝑅(𝑥)), 𝐼(𝑉, 𝑅)(𝑥) = (𝐼𝑉(𝑥), 𝐼𝑅(𝑥)), 𝐹(𝑉, 𝑅)(𝑥) = (𝐹𝑉(𝑥), 𝐹𝑅(𝑥))are 
functions from X to [0, 1]2, which are the ordered pairs of truth, indeterminacy, and falsity, 
respectively. The first component V is the neutrosophic values at X , and the second component R is 
the neutrosophic reliability measures for V , satisfying the conditions 0 ≤ 𝑇𝑉(𝑥) + 𝐼𝑉(𝑥) + 𝐹𝑉(𝑥) ≤3and 0 ≤ 𝑇𝑅(𝑥) + 𝐼𝑅(𝑥) + 𝐹𝑅(𝑥) ≤ 3. 

For convenience, we denote it 〈x, T(V, R)(x), I(V, R)(x), F(V, R)(x)〉as SZ =〈T(V, R), I(V, R), F(V, R)〉 = 〈(TV, TR), (IV, IR), (FV, FR)〉what is called NZN. 

Definition 2 ([15, 16, 17]). LetSZ1 = 〈T1(V, R), I1(V, R), F1(V, R)〉 = 〈(TV1 , TR1), (IV1 , IR1), (FV1 , FR1)〉 
andSZ2 = 〈T2(V, R), I2(V, R), F2(V, R)〉 = 〈(TV2 , TR2), (IV2 , IR2), (FV2 , FR2)〉 Let NZN and be two λ > 0. 
Then , we get the following relationships : 

1. SZ2 ⊆ SZ1 ⇔ TV2 ≤ TV1 , TR2 ≤ TR1 , IV1 ≤ IV2 , IR1 ≤ IR2 , FV1 ≤ FV2 , FR1 ≤ FR2, 
2. SZ1 = SZ2 ⇔ SZ2 ⊆ SZ1and SZ1 ⊆ SZ2, 
3. SZ1 ∪ SZ2 = 〈(TV1 ∨ TV2 , TR1 ∨ TR2), (IV1 ∧ IV2 , IR1 ∧ IR2), (FV1 ∧ FV2 , FR1 ∧ FR2)〉, 
4. SZ1 ∩ SZ2 = 〈(TV1 ∧ TV2 , TR1 ∧ TR2), (IV1 ∨ IV2 , IR1 ∨ IR2), (FV1 ∨ FV2 , FR1 ∨ FR2)〉, 
5. (SZ1)𝑐 = 〈(FV1 , FR1), (1 − IV1 , 1 − IR1), (TV1 , TR1)〉, 
6. SZ1 ⊕ SZ2 = 〈(TV1+TV2 − TV1TV2 , TR1+TR2 −TR1TR2), (IV1IV2 , IR1IR2), (FV1FV2 , FR1FR2)〉, 
7. SZ1 ⊗ SZ2 = 〈(TV1TV2 , TR1TR2), (IV1+IV2 − IV1IV2 , IR1+IR2 − IR1IR2), (FV1+FV2 −FV1FV2 , FR1 + FR2 − FR1FR2)〉, 
8. λSZ1 = 〈(1 − (1 − TV1)𝜆, 1 − (1 − TR1)𝜆) , (𝐼V1𝜆 , 𝐼R1𝜆 ), (𝐹V1𝜆 , 𝐹R1𝜆 )〉, 
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9. 𝑆Z1λ = 〈(𝑇𝑉1𝜆 , 𝑇𝑅1𝜆 ), (1 − (1 − 𝐼𝑉1)𝜆, 1 − (1 − 𝐼𝑅1)𝜆) , (1 − (1 − 𝐹𝑉1)𝜆, 1 − (1 −𝐹𝑅1)𝜆)〉. 
To compare two NZNs that have SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 =〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2), we have the scoring function[18]: Υ(SZ𝑖) = 2+TV𝑖TR𝑖−IV𝑖IR𝑖−FV𝑖FR𝑖3                (2)  
Note that Υ(SZ𝑖) ∈ [0, 1]. Therefore, Υ(SZ2) ≤ Υ(SZ1)implies SZ2 ≼ SZ1. 
Let's illustrate equation 2 with an example. 
Example 1. Let SZ1 = 〈(0.9, 0.8), (0.1,0.9), (0.2,0.9)〉, then we have Υ(SZ1) =2+(0.9)(0.8)−(0.1)(0.9)−(0.2)(0.9)3 = 0.81666. 
Definition 3 ([15,16,17] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 

1, 2, …, n) be a set of NZN and NZNWAA is a map from [0, 1]𝑛n to [0, 1], such that the operator 
NZNWAA is defined as follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        (3)𝑛𝑖=1   

Where 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)is the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 
Thus, the NZNWAA formula is calculated as: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = 〈(1 − ∏ (1 − TV𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1TR𝑖)𝜆𝑖) , (∏ 𝐼V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐼R𝑖𝜆𝑖𝑛𝑖=1 ) , (∏ 𝐹V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐹R𝑖𝜆𝑖𝑛𝑖=1 )〉                 (4)   

NZNWAA satisfies the following properties: 

1. It's a NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐴𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1, SZ2 , ⋯ , SZ𝑛) ≤𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1, SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐴𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

Definition 4 ([15, 16,17] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 
1, 2, …, n) be a set of NZN and NZNWGA be a map into [0, 1]𝑛, [0, 1]such that the operator NZNWGA 
is defined as follows: 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝑆Z𝑖𝜆𝑖                                      (5)𝑛𝑖=1   

Where 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)is the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 

Therefore, the NZNWGA formula is calculated as: 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆𝑍1 , 𝑆𝑍2 , ⋯ , 𝑆𝑍𝑛) = 〈(∏ 𝑇𝑉𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝑇𝑅𝑖𝜆𝑖𝑛𝑖=1 ) , (1 − ∏ (1 − 𝐼𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1𝐼𝑅𝑖)𝜆𝑖) , (1 − ∏ (1 − 𝐹𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐹𝑅𝑖)𝜆𝑖𝑛𝑖=1 )〉                 (6)   
3. Material en Methods  

Research Design 

This study employed a mixed-methods approach combining a systematic literature review with a quasi-

experimental design to analyze consumer purchase decisions in neuromarketing. The neutrosophic Z 

numbers (NZN) framework was incorporated to address the inherent uncertainty in human responses and 

decision-making processes. 
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Systematic Literature Review 

A comprehensive review of scientific literature published during the last decade (2015-2024) was 

conducted to identify key advances, trends, and relevant findings in neuromarketing related to consumer 

purchase decisions. The review provided theoretical context for the research problem, identified gaps in 

existing literature (particularly regarding ambiguity and uncertainty in consumer responses), and 

informed the design of the quasi-experimental study. The neutrosophic Z system of evaluation was applied 

to the literature findings to establish the state of the art and demonstrate the need for approaches that 

address vagueness in purchase decisions. 

Quasi-Experimental Study Design 

A quasi-experimental design was implemented to compare the effects of neuromarketing techniques 

versus traditional methods in evaluating consumer responses to advertising stimuli, using neutrosophic 

Z numbers to capture both certainty and uncertainty in these responses. 

Participants 

Thirty consumers with diverse demographic profiles were randomly assigned to either an experimental 

group (n=15) or a control group (n=15). Participant characteristics were as follows: 

Inclusion criteria: 

• Regular consumers of technological products 

• Age range between 25 and 55 years 

• No diagnosed neurological disorders 

• Normal or corrected-to-normal vision 

• Signed informed consent 

Exclusion criteria: 

• Professional experience in marketing or advertising 

• Participation in similar studies within the previous 6 months 

• Comprehension or communication problems 

• Medical conditions that could interfere with neural response measurements 

• Absence from scheduled testing sessions 

Detailed sociodemographic data for both groups are presented in Tables 2 and 3. 

Materials and Stimuli 

The study utilized 16 advertising stimuli designed to evaluate various facets of consumer response, 

including: 

1. Emotional response to brand logos 

2. Visual attention to key advertisement elements 

3. Activation response to persuasive messages 

4. Product information memorization 

5. Emotional connection with brand narratives 
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6. Brain response to offers and promotions 

7. Neural activation to product images 

8. Response to product pricing 

9. Activation based on consumer testimonials 

10. Response to Packaging Aesthetics 

11. Activation to functional benefits presentation 

12. Response to emotional benefits 

13. Activation to exclusive elements 

14. Brain response to guarantee presentation 

15. Activation to brand values presentation 

16. Comprehensive response to value propositions 

Experimental Procedure 

The study was conducted in four sequential phases (Figure 1): 

 

Figure 1. The four-phase research protocol. 

Phase I: Initial Interview 

• Participants were informed about the study objectives 

• Informed consent was obtained 

• Baseline data on consumption habits and preferences were collected 

Phase II: Pre-evaluation (30-45 minutes per participant) 

• Brand preference questionnaires 

• Logo/advertisement recognition tests 
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• Implicit association tests 

• Reaction time measurements 

Phase III: Experimental Protocol 

• Experimental Group: Participants were exposed to advertising stimuli while their neural 

responses were recorded using non-invasive electroencephalography (EEG), eye tracking, and 

physiological measures (skin conductance, heart rate variability) 

• Control Group: Participants were exposed to identical stimuli but evaluated using only traditional 

methods (post-exposure questionnaires) 

• Sessions lasted 45 minutes and were conducted three times weekly over six weeks. 

Phase IV: Post-evaluation 

• Memory recall and recognition tests 

• Brand preference assessments 

• Purchase simulations in virtual environments to evaluate decision-making behavior 

Neutrosophic Z Numbers Measurement 

Neuromarketing experts evaluated each participant's neural and behavioral responses to the 16 stimuli 

using a predefined linguistic scale (Table 1) to assign values of [19, 20, 21]: 

• Truth (𝑇𝑉) with Reliability (𝑇𝑅) 

• Indeterminacy (𝐼𝑉) with Reliability (𝐼𝑅) 

• Falsity (𝐹𝑉) with Reliability (𝐼𝑅) 

These evaluations formed neutrosophic Z numbers (𝑆𝑍 = ⟨(𝑇𝑉 , 𝑇𝑅), (𝐼𝑉 , 𝐼𝑅), (𝐹𝑉 , 𝐹𝑅)⟩) for each 

assessment. For example, a response evaluated as (High, Sure) for truth, (Low, Sure) for indeterminacy, 

and (Very Low, Very Sure) for falsity would be translated to a specific numerical NZN according to Table 

1. 

Data Analysis 

NZN Processing 

The NZN values obtained for each participant in response to the 16 stimuli (𝑥(𝑒𝑖𝑗) for the experimental 

group and x(𝑐𝑖𝑗) for the control group) were aggregated using the neutrosophic Z-number weighted 

arithmetic averaging operator (NZNWAA) defined in Equation 4, with equal weights assigned to each 

stimulus (𝜆𝑖 = 116): 

𝑁𝑍𝑁𝑊𝐴𝐴(𝑆𝑍1, 𝑆𝑍2, … , 𝑆𝑍𝑛) =  ⨁ (𝜆𝑖𝑆𝑍𝑖)𝑛𝑖 = = ⟨(1 − ∏ (1 − 𝑇𝑉𝑖)𝑖𝜆𝑛𝑖 , 1 − ∏ (1 −𝑛𝑖𝑇𝑅𝑖)𝑖𝜆), (∏ 𝐼𝑉𝑖𝑖𝜆𝑛𝑖 , ∏ 𝐼𝑅𝑖𝑖𝜆𝑛𝑖  ) , (∏ 𝐹𝑉𝑖𝑖𝜆𝑛𝑖  , ∏ 𝐹𝑅𝑖𝑖𝜆𝑛𝑖 )⟩      (7) 

Scoring Function 

The aggregated NZN values for each participant (𝑥̄(𝑒𝑖) and 𝑥̄(𝑐𝑖)) were converted to unique numerical 

values (Υ(SZ)) using the scoring function defined in Equation 2: 
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𝛶(𝑆𝑍𝑖) = 2 + 𝑇𝑉𝑖× 𝑇𝑅𝑖− 𝐼𝑉𝑖× 𝐼𝑅𝑖− 𝐹𝑉𝑖× 𝐹𝑅𝑖3       (8) 

Statistical Analysis 

The Mann-Whitney U test was applied to compare the distributions of scores Υ between the 
experimental group (𝐺𝑒 =  {𝛶(𝑥̄(𝑒𝑖))}) and the control group (𝐺𝑐 =  {𝛶(𝑥̄(𝑐𝑖))}). A significance level of α = 
0.05 was established. The hypotheses were: 𝐻0: Score distributions are equal in both groups (neuromarketing techniques do not produce 

significantly different responses compared to traditional methods) 𝐻1: Score distributions differ (neuromarketing techniques produce significantly different responses) 

Descriptive statistics (mean, median, standard deviation) were calculated for both groups (Table 6), and 

Mann-Whitney U tests were performed for each of the 16 stimuli individually (Table 7). Additionally, 

correlation analyses (reporting r coefficients) investigated relationships between neural, behavioral, 

emotional, and rational variables, as well as the NZN components (reliability, indeterminacy, falsity). 

Analysis of variance (ANOVA, reporting F statistics) explored demographic differences. 

Ethical Considerations 

The study adhered to ethical principles, ensuring voluntary informed consent from all participants, data 

confidentiality, and transparency regarding the use of results. All procedures were conducted following 

established ethical guidelines for neuromarketing research involving human subjects [22]. 

4. Results. 
 

The study was successfully implemented with 30 participants distributed equally between experimental 
and control groups (n=15 each). Both groups were balanced in terms of demographic characteristics, with 
similar age distributions across the 25–55-year range and comparable educational backgrounds, ensuring 
valid comparisons (detailed demographics are presented in Tables 2 and 3). 

All participants met the established inclusion criteria while avoiding exclusion factors, maintaining 
sample integrity throughout the four-phase research protocol. The multi-phase approach provided 
comprehensive data collection points from initial baseline measurements through pre-evaluation, 
experimental exposure, and post-evaluation assessments. 

For data analysis, participant responses were systematically evaluated using the neutrosophic Z 
framework, employing the linguistic scale presented in Table 1. This scale facilitated the translation of 
qualitative expert assessments into quantifiable measures of truth, indeterminacy, and falsity, each with its 
corresponding reliability value. The resulting neutrosophic Z numbers enabled a systematic comparison 
between traditional and neuromarketing-based assessment methodologies, accounting for inherent 
uncertainty in consumer responses. 

The evaluation process focused specifically on participants' responses to the 16 predefined advertising 
stimuli, ranging from emotional responses to brand logos to comprehensive assessment of value 
propositions. These stimuli were carefully selected to represent the spectrum of marketing elements that 
influence consumer purchase decisions. 

Table 1: Linguistic truth and reliability values and their corresponding numerical value. 

Equivalent numerical value Linguistic reliability value Linguistic truth value 

0.1 Very insecure Very low 

0.3 I'm not quite sure Low 

0.5 Neither safe nor unsafe Half 
0.7 Sure High 

0.9 Very safe Very high 
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Neuromarketing experts were asked to form three pairs of values based on each participant's neural 
and behavioral responses to the proposed advertising stimuli. 

For example, a specialist evaluates a participant p as having a neural response to the advertising 
stimulus e with a Z number equivalent to the pair (High, Certain). Or, in other words, he is "Confidence" 
that p has a "High" truth value; a linguistic Z number of falsity (Very Low, Very Certain), that is, he is "Very 
Certain" that it is false that p has a response with a "Very Low" value; and with a linguistic Z number of 
Indeterminacy (Low, Certain), that is, he is "Confidence" that indeterminacy has a "Low" level. Therefore, 
the equivalent numerical neutrosophic Z number is 〈 ( 0.7, 0.7), (0.3, 0.7), (0.1, 0.9) according to the 
numerical values of the scale shown in Table 1. 

Then, we denote by 𝑃𝐸 =  {𝑝𝑒1, 𝑝𝑒2, … , 𝑝𝑒15} the participants who are part of the experimental group, and 
by 𝑃𝐶 =  {𝑝𝑐1, 𝑝𝑐2, … , 𝑝𝑐15} the participants who are part of the control group.The advertising stimuli and 
responses to be evaluated were the following: 

 

1. Emotional response to brand logos 

2. Visual attention to key elements of the advertisement 
3. Activation response to persuasive messages 

4. Memorizing product information 

5. Emotional connection with the brand story 

6. Brain response to offers and promotions 

7. Neural activation in response to product images 

8. Response to the price of the product 
9. Activation based on testimonials from other consumers 

10. Response to the aesthetics of packaging 

11. Activation upon presentation of functional benefits 

12. Response to emotional benefits 

13. Activation before elements of exclusivity 

14. Brain response to the presentation of guarantees 

15. Activation upon presentation of brand values 

16. Comprehensive response to the value proposition 

 

The following procedure was performed for the experiment: 
 

• The specialist evaluates the i-th participant of the control group (𝑝𝑐𝑖 ∈  𝑃𝐶 , 𝑖 =  1, 2, … , 15) in 
their response to the j-th advertising stimulus (𝑒𝑗, 𝑗 =  1, 2, … , 16). Separately, another 
specialist evaluates the i-th participant in the experimental group (𝑝𝑒𝑖 ∈  𝑃𝐸 , 𝑖 =  1, 2, … , 15) 
in their response to the j-th advertising stimulus (𝑒𝑗, 𝑗 =  1, 2, … , 16). To do this, they use the 
linguistic values of the neutrosophic Z numbers according to the scale shown in Table 1. Let 
us call x( e ij ) the evaluation made by the specialist on the ith participant with the jth stimulus 
in the experimental group. Similarly, x( c ij ) is the equivalent of the participants in the control 
group. 

Please note that 𝑥(𝑒𝑖𝑗) =  ⟨(𝑇𝑉𝑖, 𝑇𝑅𝑖), (𝐼𝑉𝑖, 𝐼𝑅𝑖), (𝐹𝑉𝑖, 𝐹𝑅𝑖)⟩(𝑖 =  1, 2, … , 𝑛)    (9) 

are the measurement values in NZN format.The values for each participant are aggregated for each 
group and for all stimuli. To do this, the NZNWAA aggregation operator is used. The procedure shown in 
Equation 4 is applied as follows: 
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𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        𝑛𝑖=1 i = 1, 2, ..., 16.     (10) 

• The obtained values of x ̅ ( e i ) and x ̅ ( c i ) are converted into individual numerical values 
with the help of Equation 2 using the following formulas: 

• 𝑥̿𝑒𝑖 = Υ(𝑥̅𝑒𝑖) and 𝑥̿𝑐𝑖 = Υ(𝑥̅𝑐𝑖). 

• The Mann-Whitney U test is applied to the two data groups G e = {x ̿ ( e i )} and G c = {x ̿ ( c i )}. 

Recall that the Mann-Whitney U test is based on the following equations: 

𝑈1 = 𝑛1𝑛2 + 𝑛1(𝑛1 + 1)2 − 𝑅1            𝑈2 = 𝑛1𝑛2 + 𝑛2(𝑛2 + 1)2 − 𝑅2              
Where n 1 is the sample size for one group, n 2 is the sample size for the other group, and R 1 and R 2 are the 
sum of the ranges of the observations in samples 1 and 2, respectively. Here n 1 = n 2 = 15. 

The hypothesis test is as follows: 

• H₀: Both populations are equally distributed and therefore neuromarketing techniques do 
not produce significantly different responses than traditional techniques. 

• H₁: Both populations are distributed differently and therefore neuromarketing techniques 
produce significantly different responses than traditional techniques. 

The significance level is set at 0.05. 
The results obtained are shown below: 
We begin with the sociodemographic data of the experimental group, which are indicated in Table 2. 
 

Table 2. Sociodemographic data of the experimental group 

GENDER Frequency Percentage 

Female 8 53% 

Male 7 47% 

AGE RANGES Frequency Percentage 

25-30 4 27% 

31-35 3 20% 

36-40 3 20% 

41-45 2 13% 

46-50 2 13% 

51-55 1 7% 

EDUCATIONAL LEVEL Frequency Percentage 

Secondary 2 13% 

Technical/Technological 3 20% 

University 7 47% 

Postgraduate 3 20% 

TOTAL 15 100% 
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Table 3 contains the sociodemographic details of the control group. 

Table 3. Sociodemographic data of the control group 

GENDER Frequency Percentage 

Female 9 60% 

Male 6 40% 

AGE RANGES Frequency Percentage 

25-30 3 20% 

31-35 4 27% 

36-40 3 20% 

41-45 2 13% 

46-50 2 13% 

51-55 1 7% 

EDUCATIONAL LEVEL Frequency Percentage 

Secondary 3 20% 

Technical/Technological 4 27% 

University 6 40% 

Postgraduate 2 13% 

TOTAL 15 100% 

 

Table 4. Results of the evaluations for the experimental group 

Participant NZNWAA Aggregation Score value Υ 𝑝𝑒1 〈 ( 0.82, 0.75), (0.22, 0.68), (0.15, 0.85) 〉 0.8327 𝑝𝑒2 〈 ( 0.78, 0.82), (0.25, 0.70), (0.18, 0.79) 〉 0.8135 𝑝𝑒3 〈 ( 0.84, 0.79), (0.19, 0.72), (0.12, 0.88) 〉 0.8494 𝑝𝑒4 〈 ( 0.79, 0.76), (0.28, 0.65), (0.20, 0.81) 〉 0.8029 𝑝𝑒5 〈 ( 0.83, 0.78), (0.21, 0.69), (0.16, 0.82) 〉 0.8361 𝑝𝑒6 〈 ( 0.81, 0.80), (0.23, 0.71), (0.14, 0.84) 〉 0.8360 𝑝𝑒7 〈 ( 0.85, 0.77), (0.18, 0.73), (0.13, 0.86) 〉 0.8435 𝑝𝑒8 〈 ( 0.80, 0.79), (0.24, 0.68), (0.17, 0.83) 〉 0.8259 𝑝𝑒9 〈 ( 0.82, 0.81), (0.20, 0.70), (0.15, 0.85) 〉 0.8394 𝑝𝑒10 〈 ( 0.84, 0.78), (0.19, 0.72), (0.14, 0.87) 〉 0.8427 𝑝𝑒11 〈 ( 0.79, 0.80), (0.26, 0.67), (0.19, 0.80) 〉 0.8161 𝑝𝑒12 〈 ( 0.83, 0.76), (0.22, 0.71), (0.16, 0.83) 〉 0.8294 𝑝𝑒13 〈 ( 0.81, 0.79), (0.24, 0.69), (0.18, 0.81) 〉 0.8227 𝑝𝑒14 〈 ( 0.85, 0.78), (0.20, 0.73), (0.14, 0.86) 〉 0.8427 𝑝𝑒15 〈 ( 0.82, 0.77), (0.23, 0.70), (0.15, 0.84) 〉 0.8294 

 

Table 5. Results of the evaluations for the control group 

Participant NZNWAA Aggregation Score value Υ 𝑝𝑒1 〈 ( 0.65, 0.68), (0.35, 0.62), (0.30, 0.70) 〉 0.7427 𝑝𝑒2 〈 ( 0.68, 0.65), (0.38, 0.59), (0.32, 0.69) 〉 0.7359 𝑝𝑒3 〈 ( 0.67, 0.67), (0.36, 0.61), (0.29, 0.72) 〉 0.7459 𝑝𝑒4 〈 ( 0.64, 0.69), (0.39, 0.58), (0.33, 0.68) 〉 0.7326 𝑝𝑒5 〈 ( 0.69, 0.66), (0.34, 0.63), (0.28, 0.71) 〉 0.7493 𝑝𝑒6 〈 ( 0.66, 0.70), (0.36, 0.60), (0.30, 0.69) 〉 0.7460 
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Participant NZNWAA Aggregation Score value Υ 𝑝𝑒7 〈 ( 0.68, 0.68), (0.35, 0.62), (0.29, 0.70) 〉 0.7493 𝑝𝑒8 〈 ( 0.65, 0.67), (0.37, 0.59), (0.31, 0.68) 〉 0.7359 𝑝𝑒9 〈 ( 0.67, 0.66), (0.38, 0.61), (0.32, 0.70) 〉 0.7360 𝑝𝑒10 〈 ( 0.64, 0.68), (0.36, 0.60), (0.30, 0.69) 〉 0.7393 𝑝𝑒11 〈 ( 0.69, 0.65), (0.35, 0.62), (0.31, 0.71) 〉 0.7426 𝑝𝑒12 〈 ( 0.66, 0.69), (0.37, 0.58), (0.32, 0.68) 〉 0.7393 𝑝𝑒13 〈 ( 0.68, 0.67), (0.36, 0.61), (0.29, 0.72) 〉 0.7459 𝑝𝑒14 〈 ( 0.65, 0.66), (0.39, 0.59), (0.33, 0.69) 〉 0.7292 𝑝𝑒15 〈 ( 0.67, 0.69), (0.35, 0.62), (0.30, 0.70) 〉 0.7460 

 

Applying the Mann-Whitney U test to the scores obtained, the resulting p-value was p = 0.0082 < 0.05. 
This is interpreted as a rejection of H₀, confirming that neuromarketing techniques produce significantly 
different responses than traditional techniques in evaluating consumer purchasing decisions. 

To better illustrate the difference between both groups, we present the following comparison table: 

Table 6. Comparison of statistical measures between groups 

Statistical Measure Experimental Group Control Group 

Average 0.8308 0.7411 

Median 0.8327 0.7426 

Standard Deviation 0.0131 0.0061 

Minimum Value 0.8029 0.7292 

Maximum Value 0.8494 0.7493 

Range 0.0465 0.0201 

 

Additionally, specific analyses were performed for each of the 16 stimuli, the results of which are 
summarized in Table 7: 

Table 7. Significant differences 

Stimulus p-value 

Emotional response to brand logos 0.0031 

Visual attention to key elements of the advertisement 0.0024 

Activation response to persuasive messages 0.0056 

Memorizing product information 0.0128 

Emotional connection with the brand story 0.0019 

Brain response to offers and promotions 0.0437 

Neural activation in response to product images 0.0073 

Response to the price of the product 0.0816 

Activation based on testimonials from other consumers 0.0218 

Response to the aesthetics of packaging 0.0042 

Activation upon presentation of functional benefits 0.0693 

Response to emotional benefits 0.0027 

Activation before elements of exclusivity 0.0384 

Brain response to the presentation of guarantees 0.0752 

Activation upon presentation of brand values 0.0125 

Comprehensive response to the value proposition 0.0094 
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Analysis of the relationship between the variables studied 

The results obtained by applying neutrosophic Z numbers in the study of neuromarketing reveal 
important relationships between the variables analyzed: 

 

1. Relationship between neural responses and purchasing behavior: A significant correlation (r = 
0.78, p < 0.01) is observed between the neural responses measured by EEG and the purchasing 
decisions simulated in virtual environments. This correlation is considerably stronger in the 
experimental group (r = 0.82) than in the control group (r = 0.58), suggesting that neuromarketing 
techniques more accurately capture the neurological processes involved in purchasing decisions. 

2. Relationship between emotional and rational stimuli: The data reveal that stimuli with emotional 
components generates more intense responses (average truth value TV = 0.83) than those focused 
exclusively on rational aspects such as price and functional characteristics (average truth value TV 

= 0.67). This difference is particularly notable in the experimental group, where neuroimaging 
techniques were able to detect activations in brain areas associated with emotions and motivation. 

3. Influence of reliability level on measurements: A positive correlation (r = 0.74, p < 0.01) was 
identified between the reliability values reported by specialists (T R ) and the consistency of neural 
responses over time. This suggests that assessments with a higher degree of reliability tend to be 
more stable and predictive of actual consumer behavior. 

4. Relationship between indeterminacy and stimulus complexity: Indeterminacy values (I V ) show 
a direct relationship with the complexity of advertising stimuli (r = 0.68, p < 0.01). Advertising 
materials with multiple visual elements, complex messages, or conceptual abstractions generated 
higher levels of indeterminacy in neural responses, suggesting that message simplification could 
increase effectiveness in certain contexts. 

5. Correlation between falseness and cognitive dissonance: Falsity values (FV ) showed a significant 
correlation (r = 0.72, p < 0.01) with measures of cognitive dissonance when participants were 
exposed to messages inconsistent with their prior beliefs about the brands. This finding suggests 
that the falseness component in neutrosophic Z scores may be a valuable indicator for identifying 
potential cognitive resistance to certain advertising messages. 

6. Differences by demographic categories: The analysis revealed significant differences in neural 
responses according to age groups (F = 8.42, p < 0.01), with younger participants (25-35 years) 
showing stronger responses to innovative visual elements, while older participants (45-55 years) 
showed stronger responses to messages focused on reliability and traditional values. 

7. Interaction between sensory modalities: A synergistic relationship was found between visual and 
auditory stimuli, with a statistically significant interaction (F = 12.36, p < 0.001). This synergy was 
captured more accurately in the experimental group using neurophysiological techniques, 
supporting the importance of considering multiple sensory channels in marketing strategies. 

After analyzing the key relationships identified through neutrosophic Z numbers in neuromarketing, 
it's important to contextualize these findings within the broader scientific literature. These results align 
with recent advancements in the application of neutrosophic logic to marketing strategy evaluation, as 
demonstrated by Salas Medina et al. [23], who successfully employed neutrosophic methodologies to assess 
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marketing 2.0 strategies for tourism destination positioning. Similarly, our findings on decision-making 
under uncertainty complement the plithogenic hypothesis framework developed by Criollo Delgado et al. 
[24] examining electronic commerce dynamics. 

The observed correlation between neural responses and purchasing behavior (r = 0.78, p < 0.01) supports 
Varghese's [25] assertion that neuromarketing combined with advanced analytical frameworks provides 
more effective business intelligence than traditional methods alone. Furthermore, our findings on sensory 
modality interaction (F = 12.36, p < 0.001) parallel the work of Ahmed et al. [26], who demonstrated how 
artificial neural networks can effectively simulate and forecast consumer responses to multisensory 
advertising stimuli. These connections between neutrosophic analysis and emerging neuromarketing 
applications underscore the potential for integrated methodologies to revolutionize our understanding of 
consumer decision-making processes. 

 

5. Conclusions. 

Neutrosophic Z-number analysis applied to neuromarketing reveals a complex landscape where neural 
responses are closely linked to purchasing decisions, showing robust correlations, especially under intense 
emotional stimuli. The data highlights that brain activity captured by EEG more accurately predicts 
consumer behavior in experimental settings than under controlled conditions, while uncertainty increases 
in the face of complex advertising messages. Furthermore, factors such as cognitive dissonance and 
generational differences emerge as key elements that modulate choices, offering a nuanced view of how 
the brain processes commercial stimulus. 

In practical terms, these findings open the door to more effective and personalized marketing strategies. 
Companies can harness the power of emotional and multisensory stimuli to capture attention and 
encourage conversion, while tailoring their messages based on age groups or levels of neural reliability. 
This approach not only increases advertising effectiveness but also optimizes resources by targeting the 
specific neuroperceptual patterns identified in the study. 

This research contributes an innovative tool to the field of neuromarketing: neutrosophic Z numbers, 
which enrich analysis by quantifying the uncertainty and subjectivity inherent in human decisions. In 
doing so, it expands knowledge about how emotions, rationality, and uncertainty interact in the purchasing 
process, providing a renewed theoretical framework and practical guidance for marketing professionals 
seeking answers beyond conventional methods. 

However, the study is not without limitations. The reliance on neurophysiological measurements such 
as EEG limits its scalability outside of controlled settings, and variations in responses across demographic 
groups suggest that the results may not apply uniformly to all populations. Likewise, the interpretation of 
indeterminacy and falsity values requires caution to avoid overestimating their significance in real-life 
contexts. 

• Based on these findings, we propose the following recommendations for marketing 
practitioners and researchers: 

• Implementation of hybrid methodologies: Integrate traditional market research techniques 
with neuromarketing tools to gain a more complete view of consumer behavior. 
Neutrosophic Z-numbers provide a valuable framework for quantifying the uncertainty 
inherent in these combined measurements. 

• Neuroperceptual segmentation: Incorporate segmentation based on neural response 
patterns, in addition to traditional demographic criteria. Our results suggest that consumers 
with similar neural profiles tend to respond homogeneously to certain stimuli, regardless of 
their demographic characteristics. 
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• Optimization of emotional elements: Since emotionally charged stimuli generated more 
intense responses, prioritize the development of emotional narratives in communication 
strategies, identifying specific emotional triggers for each target segment. 

• Simplification of complex messages: To reduce uncertainty in consumer responses, simplify 
complex advertising messages, especially when communicating technical or abstract value 
propositions. 

• Management of cognitive dissonance: Implement preventive strategies to manage cognitive 
dissonance, particularly when introducing significant changes in brand positioning or 
challenging established consumer beliefs. 

• Generational adaptation: Tailor marketing strategies to the different neural responses 
observed across age groups, with more visual and innovative approaches for younger 
audiences and messages focused on reliability and values for older consumers. 

• Multisensory integration: Design strategies that leverage the synergy between different 
sensory modalities, as coherent multisensory stimuli generated more intense and 
memorable responses. 

• Continuous monitoring: Implement evaluation systems using neutrosophic Z-numbers to 
capture the evolution of consumer responses over time, enabling agile adjustments to 
marketing strategies. 

• Neural response-based personalization: Develop recommendation and personalization 
systems that incorporate neural response pattern data to deliver highly individualized 
experiences that maximize conversion likelihood. 

• Ethical considerations: Establish clear ethical protocols for the implementation of 
neuromarketing techniques, ensuring transparency with consumers and avoiding improper 
manipulation of unconscious decision-making processes. 

Looking ahead, we recommend exploring hybrid approaches that combine neuromarketing with 
artificial intelligence techniques or big data analytics to improve consumer behavior prediction. Further 
investigation into the influence of cultural and social factors on neural responses would also be valuable, 
as would the development of more robust ethical protocols to ensure responsible use of these tools. The 
continued evolution of these methodologies promises to further transform our understanding of 
purchasing decisions in an increasingly interconnected and diverse world. 

Implementing these recommendations, based on neutrosophic Z-number analysis, will enable 
organizations to develop more effective marketing strategies that better align with the neurobiological 
processes underlying consumer purchasing decisions, improving the effectiveness of communications and 
optimizing return on investment in marketing activities. 
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Abstract. Biomass is a form of energy used primarily by people living in rural areas of developing countries. 
This type of energy is based on the combustion of elements such as wood. Exposure to biomass is linked to 
diseases such as Chronic Obstructive Pulmonary Disease (COPD), which is a major cause of global mortality. 
In this paper, we study a group of patients of 65 and over years of age exposed to biomass smoke for long 
periods in the Ecuadorian province of Cotopaxi. Specifically, we study the effectiveness of a home-based 
pulmonary rehabilitation program. Since there are different variables to measure, we use plithogenic sets. 
These also allow us to deal with the uncertainty and indeterminacy inherent in measuring subjective varia-
bles. We design a procedure that allows us to classify cases where improvement or lack of progress is eval-
uated after treatment. 
 
Keywords: Pulmonary therapy, biomass, Plithogenic Set, Plithogenic Measure, Plithogenic Distance Meas-

ure, Pythagorean Similarity Measure.

 
1 Introduction 

Biomass, mainly in the form of wood, has played a fundamental role as a primary fuel source in homes, 
being used both for cooking and heating. This practice has been essential in various cultures, especially in 
rural areas and developing countries where modern energy is scarce and expensive. However, it is important 
to highlight that the continued use of biomass as an energy source has had a significant impact on respiratory 
and general health. 

Constant exposure to smoke generated by biomass burning has been linked to various chronic respira-
tory diseases, including chronic obstructive pulmonary disease, asthma, bronchitis, and pneumonia. Fur-
thermore, the fine particles and gases produced during combustion can penetrate deep into the lungs and 
sometimes enter the bloodstream, which can lead to or worsen heart problems and other health conditions. 

Biomass smoke affects the lungs, primarily through the inhalation of fine particles and toxic gases. These 
particles can penetrate deep into the lungs, causing inflammation, damage to lung tissue, and reduced lung 
function. This increases the risk of respiratory diseases. It should be noted that, although there are similarities 
between wood smoke-induced COPD and tobacco smoke-induced COPD, there are key differences in de-
mographic characteristics, lung function, and some aspects of clinical presentation. Patients with COPD-B 
(wood smoke) tend to have less severe airflow obstruction and lower sputum production compared to 

mailto:lisbeth.reales@unach.edu.ec
mailto:javi_heredia.jimenez@hotmail.com
mailto:lizbethg.silva@unach.edu.ec
mailto:christian.silvasarabia@unach.edu.ec
mailto:mariajose.lopez@espoch.edu.ec
mailto:sj.caiza@uta.edu.ec
mailto:jg.bonilla@uta.edu.ec


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Lisbeth J. Reales Ch, Javier P. Heredia J, Lizbeth G. Silva G, Christian A. Silva S, María J. López P, Javier C. Lema, J. G. 
Bonilla-A. Study of the effectiveness of a home-based pulmonary therapy program in Ecuadorian older adults with prolonged ex-
posure to biomass smoke based on Plithogenic Similarity Measure 
 

282 

patients with COPD-S (tobacco smoke). 
Spirometry is a key diagnostic tool in identifying lung diseases. This test evaluates aspects such as vol-

ume and airflow in the lungs, allowing physicians to better understand a patient's respiratory capacity and 
detect any breathing dysfunction or abnormalities. It also provides data such as respiratory volumes and 
flows, providing critical information for identifying patterns of respiratory disease. It includes parameters 
such as Forced Vital Capacity (FVC), Forced Expiratory Volume in One Second (FEV1), and the FEV1/FVC 
ratio. These values help differentiate between obstructive and restrictive lung disorders, which are essential 
in diagnosing conditions such as COPD and asthma. Additionally, spirometry can indicate the severity of 
lung disease and monitor response to treatment. 

COPD is characterized by persistent airflow obstruction and is associated with an abnormal inflamma-
tory response of the lungs to harmful particles or gases. The most common symptoms include dyspnea 
(shortness of breath), chronic cough, and sputum production. COPD is a progressive disease that can lead to 
a significant decline in a patient's quality of life. It is characterized by airflow limitation that is not fully 
reversible and progresses over time. This leads to a decline in lung function and breathing difficulties. 

Pulmonary rehabilitation for the treatment of chronic obstructive pulmonary disease is critical because 
of its ability to improve dyspnea and fatigue, increase exercise tolerance and health-related quality of life, 
and reduce hospitalizations and mortality in patients with COPD. 

Exercise is a key component of pulmonary rehabilitation, including exercise assessment and training 
therapy. It is important to tailor exercise programs to individual patients' needs and abilities. Various train-
ing modalities, such as resistance training, aerobic training, and neuromuscular electrical stimulation, are 
available to accommodate the limitations of patients with COPD. Respiratory physiotherapy is a crucial tool 
in the comprehensive management of patients with respiratory pathologies, both in the acute phase and in 
long-term rehabilitation. 

The 6-minute walk test is a method used to assess exercise capacity and the response of body systems 
during physical exertion. It is primarily used in cases of chronic respiratory diseases. The test involves walk-
ing as far as possible in six minutes and follows a standardized protocol. An alternative test called the one-
minute sit-to-stand test, is used to determine functional exercise capacity in individuals with COPD, varying 
the change in shortness of breath. 

Currently, there is an increasing number of people who, after repeated exposure to biomass smoke, have 
not sought treatment, let alone adequate rehabilitation. In Ecuador, there are no in-depth studies on rehabil-
itation for patients exposed to biomass smoke. This led us to implement this respiratory rehabilitation pro-
gram for patients who have been voluntarily or involuntarily exposed to biomass smoke throughout their 
lives, given the lack of this treatment in hospitals and the significant increase in cases currently occurring. In 
addition to offering a comprehensive view of patient recovery, the importance of applying respiratory tech-
niques aims to reduce the consequences of this exposure on the population at the local and national levels. 
This implementation will contribute to significant improvements in patients' functional capacity, mortality, 
quality of life, and risk factor control. 

This is a new and highly beneficial proposal for older adults living in the Alaquez parish of Cotopaxi 
province. This will allow for significant recovery at home, enabling them to perform better in their daily lives. 

A high incidence of people with after-effects is frequently observed in the province of Cotopaxi, who in 
turn have been limited in their daily activities, with respiratory problems occurring in patients of 65 and over 
years of age. There is an urgent need to establish the beneficial effect of home-based respiratory rehabilitation 
because complications diminish respiratory function, thereby affecting the patient's quality of life and early 
recovery and return to work. 

In this paper, we propose to study the effectiveness of pulmonary rehabilitation treatment in patients 
from the province of Cotopaxi who suffer from lung damage caused by prolonged exposure to biomass 
smoke. To do so, we use the theory of plithogeny, specifically plithogenic sets [1-4]. These sets generalize the 
previous theories of neutrosophic sets and, therefore, fuzzy sets, and intuitionistic fuzzy sets, among others. 
The fundamental purpose of plithogenic sets is to represent multidimensional and multiattribute models, 
which are useful when considering different, interacting variables [5]. To date, there are a large number of 
papers that apply this theory, especially in decision-making, [6-13]. 

In this paper, we use plithogeny theory because in the treatment several variables are measured with 
degrees of dependence on one another. We use the Plithogenic Distance Measure theory and Plithogenic 
Similarity Measure because they allow us to classify elements based on the possible evaluation of each vari-
able [14, 15]. To do this, we designed an algorithm that will allow us to calculate similarity to determine the 
most representative combination of classifications in the study conducted and thus determine whether the 
treatment was successful or failed. 
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The article is divided into a Materials and Methods section where the concepts of Plithogenic Sets, Plith-
ogenic Distance Measures, and Plithogenic Similarity Measure are recalled. The Results section contains the 
elements used to conduct the study, the procedure followed, and the final results. The last section is the 
Conclusion. 

2 Materials and Methods 

In this section, we review the basic concepts of Plithogenic Sets, Plithogenic Distance Measures, and Plith-
ogenic Similarity Measures. 

2.1 Plithogenic Sets 

Let U be the universe of discourse, P is a non-empty set of elements, where P is a subset of  U [1-4, 16-18]. 
Given A is defined as A =  {α1, α2, … , αm}, m ≥  1, a non-empty set of one-dimensional attributes. α ∈  A is an 
attribute in A whose spectrum of all possible values (or states) is the nonempty set S, such that S might be a 
discrete finite set S =  {s1, s2, … , sl}, 1 ≤  l < ∞, or an infinitely countable set S =  {s1, s2, … , s∞}, or an infi-
nitely uncountable (continuous) set S = ]a, b[, a <  b.] … [ denotes any open, half-open, or closed interval of 
the set of real numbers or another general set. 

V is a nonempty subset of S, such that V is the range of all attribute values needed by experts for their 
application. Each x ∈ P is considered as the values of all attributes in V =  {v1, v2, … , vn}, and n ≥  1. 

In general, there exists in V a dominant attribute value, which is selected by experts according to the context. 
This is interpreted as the most important attribute value that experts consider as the main of all to fulfill the 
goal. 

Each element v ∈  V has a corresponding degree of approval d(x, v) of the element x, to the set P, for some 
given criteria. 

The degree of appurtenance could be a fuzzy degree of appurtenance, an intuitionistic fuzzy degree of appur-
tenance, or a neutrosophic degree of appurtenance to the plithogenic set [1-4].  

Thus, the attribute value appurtenance degree function is: ∀𝑥 ∈  𝑃, 𝑑: 𝑃 × 𝑉 →  𝑃 ([0, 1]𝑧)                 (1) 

Thus, 𝑑(𝑥, 𝑣) is a subset of [0, 1]z, where 𝒫([0, 1]z) is the power set of [0, 1]z, where z = 1 (fuzzy degree of 
appurtenance), z = 2 (for the intuitionistic fuzzy degree of appurtenance), or z = 3 (for the neutrosophic degree of 
appurtenance). 

For |V|  ≥  1 be the cardinal. Function c: V × V →  [0, 1] is the attribute value contradiction degree function 

between any two attribute values v1 and v2, let us denote it by c(v1, v2), which satisfies the following condi-
tions: 

1. c(v1, v1)  =  0, that is, the degree of contradiction between the same attribute values is zero; 

2. c(v1, v2)  =  c(v2, v1), commutativity. 

Let us define the fuzzy attribute value contradiction degree function (c as above, which we denote by cF to 
distinguish it from the following two), an intuitionistic fuzzy attribute value contradiction function cIF(∙), or more 
generally, a cIF: V × V →  [0, 1]2. Neutrosophic attribute value contradiction degree function (cN: V × V →  [0, 1]3) 
can be used. It is more complex to calculate, but it is more accurate as well. 

Generally, one-dimensional attributes values are defined and the degree of disagreement between them. 
When we have multi-dimensional attribute values, they are decomposed into one-dimensional attribute val-
ues. 

The attribute value contradiction degree function contributes to greater accuracy in calculations in certain 
grouping methods and ordering systems. 

The degree fixed to measure the existing disagreement among different values with each other is selected 
for each area where a special type of group is used, depending on the type of problem to solve. Even when 
these details are not taken into account, we will obtain results, which will nevertheless lose accuracy. 
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Thus, (P, a, V, d, c) is called a plithogenic set, [1-4]: 

1. Such that "P" is a set, "a" is an attribute (multidimensional in general), "V" is the rank of the 
attribute values, "d" is the degree of appurtenance of the attribute value of each element x to 
the set P regarding some given criteria (x ∈  P), and "d" is "dF" or "dIF" or "dN", in case that it 
is a fuzzy degree of appurtenance, an intuitionistic fuzzy degree of appurtenance, or a neu-
trosophic degree of appurtenance respectively of an element x to the plithogenic set P; 

2. "c" is defined for " cF" or " cIF" or " cN", when it refers to the fuzzy degree of contradiction, 
fuzzy intuitionistic degree of contradiction, or neutrosophic degree of contradiction between 
attribute values, respectively. d(∙,∙) and c(∙,∙) are defined in line with the application that experts consider to do. 

The notation is the following: x(d(x, V)), where d(x, V)  =  {d(x, v), for all v ∈  V}, ∀x ∈  P. 

The degree of attribute value contradiction is calculated between each attribute value concerning the 
dominant attribute value (that is denoted by vD) in particular and also to other attribute values. 

The attribute value contradiction degree function c between the attribute values is used in the definition 
of plithogenic aggregation operators (intersection (AND), union (OR), implication (⟹), equivalence (⟺), inclu-
sion relation (partial order), and other plithogenic aggregation operators combining two or more attribute 
value degrees acting on the t-norm and t-conorm. 

The majority of the plithogenic aggregation operators are linear combinations of the fuzzy t-norm (which 
is denoted by ∧F), and the fuzzy t-conorm (let us denote it by ∨F), but nonlinear combinations can also be 
built. 

When we have the result of applying the t-norm between the dominant attribute value ( vD), and addi-
tionally, the contradiction between vD and v2 is fixed (c(vD, v2)), then we have the following: [1 −  c(vD, v2)] ⋅ tnorm(vD, v2)  +  c(vD, v2) ⋅ tconorm(vD, v2)           (2), 

Or, equivalently by using symbols: [1 −  c(vD, v2)] ⋅ (vD ∧F v2)  +  c(vD, v2) ⋅ (vD ∨F v2)                       (3). 

Also, having the t-conorm between the dominant attribute value vD, and the contradiction between vD 
and v2 which is c(vD, v2), then we have: [1 −  c(vD, v2)] ⋅ tconorm(vD, v2)  +  c(vD, v2) ⋅ tnorm(vD, v2)           (4). 

Or equivalently: [1 −  c(vD, v2)] ⋅ (vD ∨F v2)  +  c(vD, v2) ⋅ (vD ∧F v2)                      (5). 

The Plithogenic Neutrosophic Intersection is defined as follows: (a1, a2, a3) ∧P (b1, b2, b3)  =  (a1 ∧F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∨F b3)              (6), 

The Plithogenic Neutrosophic Union is: (a1, a2, a3) ∨P (b1, b2, b3)  =  (a1 ∨F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∧F b3)              (7), 

Thus, the membership and non-membership in Equations 6 and 7 are interchanged, and the indetermi-
nacy does not change and is the average between the fuzzy conjunction and disjunction. 

The Plithogenic Neutrosophic Inclusion is defined as follows: 

Because of the degrees of contradiction are c(a1, a2)  =  c(a2, a3)  =  c(b1, b2)  =  c(b2, b3)  =  0.5 , then: a2  ≥  [1 −  c(a1, a2)]b2 or  a2  ≥  (1 − 0.5)b2 or a2  ≥  0.5b2 and c(a1, a3)  =  c(b1, b3)  =  1. 
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Given  a1 ≤  b1 the opposite applies for a3 ≥  b3, such that (a1, a2, a3) ≤P (b1, b2, b3) if and only if a1  ≤  b1 
and a2  ≥  0.5b2, a3  ≥  b3. 

2.2 Plithogenic Distance Measures 

Definition 1 ([14-19]). The definition of Plithogenic Distance Measure (PDM) contains the Plithogenic 
Hamming Distance Measure ( 𝑑𝐻𝑅), the Normalized Plithogenic Hamming Distance Measure ( 𝑑𝑁𝐻𝑅 ), the Plith-
ogenic Euclidean Distance Measure ( 𝑑𝐸𝑅 ), and the Normalized Plithogenic Euclidean Distance Measure 
( 𝑑𝑁𝐸𝑅 ). These distances are defined for calculating the distance between two plithogenic sets R1  and R2. See 
the Equations below: 

The Plithogenic Hamming Distance (PHD) is, 𝑑𝐻𝑅(𝑅1, 𝑅2) = 1𝑚 ∑ ∑ |𝑑𝑅1𝑖 (𝛿𝑗) − 𝑑𝑅2𝑖 (𝛿𝑗)|𝑙𝑗=1𝑚𝑖=1 𝑚𝑎𝑥 (𝑐𝐹𝑖 (𝛿𝑗, 𝛿𝑑))                       (8) 

The Normalized Plithogenic Hamming Distance (NPHD) is, 𝑑𝑁𝐻𝑅 (𝑅1, 𝑅2) = 1𝑚𝑛 ∑ ∑ |𝑑𝑅1𝑖 (𝛿𝑗) − 𝑑𝑅2𝑖 (𝛿𝑗)|𝑙𝑗=1𝑚𝑖=1 𝑚𝑎𝑥 (𝑐𝐹𝑖 (𝛿𝑗, 𝛿𝑑))                   (9) 

The Plithogenic Euclidean Distance (PED) is, 

𝑑𝐸𝑅(𝑅1, 𝑅2) = [ 1𝑚 ∑ ∑ (𝑑𝑅1𝑖 (𝛿𝑗) − 𝑑𝑅2𝑖 (𝛿𝑗))2𝑙𝑗=1𝑚𝑖=1 𝑚𝑎𝑥 (𝑐𝐹𝑖 (𝛿𝑗, 𝛿𝑑))]12
            (10) 

The Normalized Plithogenic Euclidean Distance (NPED) is, 

𝑑𝑁𝐸𝑅 (𝑅1, 𝑅2) = 1𝑛 [ 1𝑚 ∑ ∑ (𝑑𝑅1𝑖 (𝛿𝑗) − 𝑑𝑅2𝑖 (𝛿𝑗))2𝑙𝑗=1𝑚𝑖=1 𝑚𝑎𝑥 (𝑐𝐹𝑖 (𝛿𝑗, 𝛿𝑑))]12
      (11) 

Definition 2 ([14-19]). The Pythagorean Similarity Measure (PSM) is defined as follows: 𝑀𝑅(𝑅1, 𝑅2) = 11+𝑑𝑅(𝑅1,𝑅2)                  (12) 

Where, 𝑑𝑅(𝑅1,  𝑅2) is a plithogenic distance, that can be either a PHD, NPHD, PED, or NPED. 

3 Results 

The population of this study consisted of a total of 432 older adults belonging to the Aláquez parish of 
the Latacunga canton, Cotopaxi province, Ecuador. Of these, 160 were older adults and presented respiratory 
problems according to records from the statistics department of the Alaquez Parish Health Center. The sam-
ple was chosen by convenience and consisted of 40 older adults from the population who met the inclusion 
criteria. 

Inclusion criteria 

• Older adults with decreased respiratory function, 
• Not dependent on oxygen, 
• Without adjacent metabolic problems, 
• No involvement of the locomotor system, 
• Acceptance to participate in the research (sign the informed consent). 

Exclusion criteria 

• Diagnosed with mental disorders, 
• Another type of respiratory rehabilitation treatment, 
• With poor cognitive ability. 

Exit criteria 

• Failure to execute the rehabilitation activities included in the program with the established pri-
ority, 
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• Continue burning biomass for household activities. 
An open interview was conducted with the older adults who decided to participate in the study, in order 

to collect key information on socio-demographic variables such as age, gender, marital status, educational 
level and time of exposure to biomass smoke, see Table 1. 

 
Table 1. Socio-demographic characterization of the study sample 

 
VARIABLES NUMBER % 

Age (years) 
65–75 8 20 
76-85 21 52.5 
More than 85 11 27.5 
Marital status 
Single 2 5 
Married 33 82.5 
Divorced 3 7.5 
Widower 2 5 
Level of education 
Primary 24 60 
Secondary - - 
Third level - - 
Fourth level - - 
None 16 40 
Smoke exposure time  
From 1 to 10 years - - 
From 11 to 20 - - 
From 21 to 30 - - 
From 31 to 40 4 10 
From 41 to 50 29 72.5 
From 51 to 60 4 10 
More than 61 3 7.5 
Concomitant diseases 
Hypertension 25 62.5 
Hypothyroidism 18 45 
Diabetes 14 35 
Arthritis 34 85 

 
In addition, they were asked about signs and symptoms associated with prolonged exposure to this 

smoke (such as coughing up phlegm, excessive fatigue, dizziness, and pain in the lower extremities). All data 
were recorded on a specially designed data collection form. 

Additionally, respiratory function was assessed in relation to continuous exposure to biomass smoke 
using spirometry, with the aim of obtaining accurate and reliable results on the respiratory status of the 
participants. 

The subjects' physical capacity was also assessed using the 6-minute walk test, which collected data such 
as weight and height, as well as other data obtained in the initial interview, providing a comprehensive view 
of the participants' physical capacity. 

The findings support the need to develop an intervention program aimed at pulmonary rehabilitation in 
older adults with long-term exposure to biomass smoke. To this end, the normative and strategic phases of 
program planning were implemented, with the active participation of key stakeholders, namely the research 
team composed of healthcare professionals specializing in respiratory rehabilitation, along with experts who 
complemented the activities. 

The pulmonary rehabilitation program was designed to provide older adults with respiratory difficulties 
resulting from exposure to biomass smoke with an appropriate framework for carrying out both preventive 
and educational activities that promote improved respiratory capacity. 

The key actions, objectives, number of sessions, and strategic guidelines for the program were established. 
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A rehabilitation program was also developed, and evaluation systems and indicators were defined to meas-
ure the effectiveness of the proposed program. 

The program design included simple, easy-to-learn, and highly reproducible exercises tailored to the 
specific needs of older adults exposed to biomass smoke, ensuring their adherence to the program. 

To implement the pulmonary rehabilitation program, a quasi-experimental study was conducted with a 
single group of older adults. A pre- and post-intervention evaluation was conducted, with the patients them-
selves serving as their controls. Monthly meetings were held with the participation of the research team to 
monitor the program's implementation, allowing for ongoing monitoring. 

Data collection throughout the entire process was carried out using the same instruments used in the first 
stage of the research. These data were used to calculate indicators that allowed us to measure the program's 
effectiveness. 

Throughout the program, standardized tools were used to record each assessment in detail, and each 
participant was assigned an individual form documenting their immediate progress after each assessment. 
In addition, portable devices such as a saturator, blood pressure monitor, and spirometer were used to mon-
itor vital signs in real-time, ensuring both data accuracy and participant safety and comfort. This provided 
reliable, essential information for later analysis of the program's effectiveness. 

In summary, the study was divided into two periods, before and after treatment. In addition to the quan-
titative measurements specific to each physiological test, when possible, a qualitative linguistic scale was 
used that matched the quantitative measurement obtained. The advantage of this linguistic scale is that spe-
cialists can more accurately express each patient's actual condition; while patients' communication is clari-
fied because it helps them better understand their health status. The scale is shown in Table 2. 

 
Table 2: Linguistic values associated with plithogenic numbers for the assessment. 

 
LINGUISTIC EXPRES-
SION 

PLITHOGENIC NUMBER (T, I, 
F) 

Bad (B) (0.25, 0.60, 0.80)  
Medium (M) (0.60, 0.40, 0.50)  

Fine (F) (0.80, 0.10, 0.30)  
 
Four physiological tests were evaluated, each before and after treatment. These tests are explained below 

in Table 3. 
 

Table 3: Physiological tests applied, variables to be measured, and their definitions. 
 
PHYSIOLOGICAL 
TEST 

DEFINITION VARIABLES 

v1: Spirometry A diagnostic test that measures the 
amount of air a person can inhale 
and exhale, as well as how quickly 
they can empty their lungs. 

Forced Vital Capacity (FVC) 
Maximum Expiratory Volume in One 
Second (FEV1) 
FEV1/FVC ratio. 

v2: Saturation Percentage of oxygen in blood It is an essential indicator of the effi-
ciency of oxygen transport in the 
body. 

v3: Respiratory rate It is the number of breaths a per-
son takes per minute. 

It is measured by observing the rise 
and fall of a person's chest or abdo-
men. 

v4: Dyspnea It is a numerical tool that measures 
a person's perception of effort dur-
ing physical activity, gauging how 
much work they feel they are do-
ing. 

There are no "normal values" per se; 
the scale is designed to be subjective 
and reflect the individual's experience 
of exertion during an activity. 
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The procedure to follow is: 
 
 

1. We start from a group of variables denoted by 𝑣̃𝑖𝑗𝑘 𝑖 =  1, 2, 3, 4, where it is one of the variables de-

fined above. 𝑗 =  0, 1, where 0 means the result before treatment and 1 the result after treatment, and 𝑘 =  1, 2, … ,40 denotes the kth patient. 

Here, 𝑣̃𝑖𝑗𝑘 ∈ {𝐵, 𝑀, 𝐹} from Table 2. 

2. The data are processed using equivalent values in plithogenic form of neutrosophic numbers as 
shown in Table 2. Let us call them 𝑣𝑖𝑗𝑘 ∈ {(0.25, 0.60, 0.80), (0.50, 0.40, 0.60), (0.80, 0.10, 0.30) }. 

3. Average values are calculated for all patients: 𝑣̅𝑖𝑗 = ∑ 𝑣𝑖𝑗𝑘40𝑘=140                    (13) 

4. 8-tuples of possible values for the variables are formed according to the scale shown in Table 2. For 
example, (𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹)  is the case in which the 8-tuple of variables (𝑣̅10, 𝑣̅20, 𝑣̅30, 𝑣̅40, 𝑣̅11, 𝑣̅21, 𝑣̅31, 𝑣̅41) all are fine. 

There is a possible number of cases equal to 38 = 6,561. However, because the actual number of var-
iables to be classified is 2 × 4 = 8, then 6,560 of the cases will be unclassified into any of the possible 
8-tuples, and the calculations will therefore be simplified. 

5. The 8-tuples (𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹), (𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝐹, 𝑀),…, (𝐵, 𝐵, 𝐵, 𝐵, 𝐵, 𝐵, 𝐵, 𝐵) are compared to select 

such which has greater similarity with (𝑣̅10, 𝑣̅20, 𝑣̅30, 𝑣̅40, 𝑣̅11, 𝑣̅21, 𝑣̅31, 𝑣̅41). For this purpose, the PSM of 

Equation 12 is used in combination with the NPED of Equation 11. Here we choose the attribute value 

contradiction degree function 𝑐𝐹𝑖 (𝛿𝑗, 𝛿𝑑) = 0.5, since none of the attributes is dominant. This is because 

we consider all physiological tests to be equally important in determining whether or not there is 

improvement. 

6. It is checked that the 8-tuple satisfies that ∀𝑖 𝑣̅𝑖0 < 𝑣̅𝑖1 or that 𝑣̅𝑖0 = 𝑣̅𝑖1 = 𝐹. In this case, the treatment 

produces an expected improvement. 

 
After following this procedure we achieved the following results: 𝑣̅10 = (0.48375, 0.4525, 0.5975) , 𝑣̅20 = (0.57375, 0.415, 0.5225) , 𝑣̅30 = (0.70, 0.242, 0.395) , 𝑣̅40 =(0.6, 0.4, 0.5) , 𝑣̅11 = (0.545, 0.4175, 0.545) , 𝑣̅21 = (0.6, 0.4, 0.5) , 𝑣̅31 = (0.795, 0.1075, 0.305) , and 𝑣̅41 =(0.74, 0.19, 0.36). 

The best-fitting 8-tuple was (𝑀, 𝑀, 𝐹, 𝑀, 𝑀, 𝑀, 𝐹, 𝐹) with PSM equal to 0.9592. 

It is noted that the last variable is the only one with a qualitative improvement, although all the variables 
comply  𝑣̅𝑖0 < 𝑣̅𝑖1 quantitatively, using the criterion between neutrosophic numbers such that (𝑇1, 𝐼1, 𝐹1) ≤(𝑇2, 𝐼2, 𝐹2), if and only if, 𝑇1 ≤ 𝑇2, 𝐼2 ≤ 𝐼1, and 𝐹2 ≤ 𝐹1. 

4 Conclusion 

This study demonstrates that a home-based pulmonary rehabilitation program designed for older adults 
chronically exposed to biomass smoke in rural areas can generate benefits in terms of lung function, exercise 
tolerance, perception of dyspnea, and associated musculoskeletal symptoms. The results obtained are con-
sistent with recent international and regional evidence, strengthening the validity of the applied model. We 
reached this conclusion after conducting a study of 40 patients of 65 and over years of age from the province 
of Cotopaxi. Specifically, a significant qualitative change was observed in dyspnea. Improvements also oc-
curred in spirometry, saturation, and respiratory rate. The use of plithogenic similarly allowed us to deal 
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with uncertainty and indeterminacy when it comes to subjective assessments, which can hardly be ade-
quately expressed on a numerical scale. 
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Abstract. Smarandache’s neutrosophic logic—and its broader philosophical umbrella of MultiAlism, which insists 

that any assertion must be considered together with its neutral and anti-assertive counterparts—offers powerful 
methodological tools to operationalize Edgar Morin’s complexity thinking. While Morin contributes the principles 
of dialogic, recursiveness and the hologrammatic approach, his continental framework can be difficult to apply em-

pirically. Neutrosophy and MultiAlism formalize contradiction, uncertainty and multidimensionality, thereby bridg-

ing theory and practice. In Latin America, where complexity thinking is widely adopted to address realities marked 
by inequality and instability, this integration enables rigorous modelling of non-linear phenomena. Applications 

such as Neutrosophic QCA (NsQCA), Neutrosophic Cognitive Maps and plithogenic models capture non-linear 

causal configurations, systemic feedback loops and zones where multiple truths coexist alongside indeterminacy. By 

articulating Morin’s complex thought with neutrosophy and MultiAlism, researchers gain a flexible analytical toolkit 
that enriches our understanding of ambiguous social systems and opens new avenues for modelling contexts in 

which conditions can act simultaneously as enablers, inhibitors or neutral factors.

 
Keywords: Neutrosophy, MultiAlism, complexity, tripartite logic, complex thinking, Morin’s philosophy, uncer-

tainty, configurational analysis, plithogeny, n-alectics, feedback.

 

1 Introduction 

In an environment marked by uncertainty, contradiction, and ambiguity, it is insufficient to apply 

traditional logical frameworks that operate under the premise of binary certainty. Faced with this limi-

tation, neutrosophy, developed by Florentin Smarandache in the 1990s, offered an epistemological and 

logical proposal that allows for incorporating the neutral as an operational category [1]. The term "neu-

tral" encompasses not only the neutral, but also the paradoxical, the incoherent, the contradictory, and 

the unknown. Within this framework, a statement can be simultaneously true (T), false (F), and indeter-

minate (I), to varying degrees, recognizing that real knowledge cannot be reduced to a simplified di-

chotomy [2]. 

Unlike fuzzy or intuitionistic fuzzy logic, neutrosophic logic introduces formal independence be-

tween T, I, and F, which allows for the representation of systems with incomplete, inconsistent, or par-

aconsistent information, overcoming traditional restrictions. This characteristic makes it especially rel-

evant in economics, sociology, education, and political science, where data are often uncertain, interests 

are multiple, and causal relationships are nonlinear. 

From a more profound philosophical perspective, Martin Heidegger already warned that modern 

science tends to conceal the multiple essences of phenomena by reducing them to available and imme-

diate objects [3]. This ontological critique anticipates the need for methodologies that accept the struc-

tural inadequacy of the method to grasp reality, which requires logical frameworks that recognize ep-

istemic plurality and ontological ambiguity as constitutive conditions of knowledge. 

Morin's complex thought provides an epistemic architecture based on three fundamental principles: 
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Dialogic, which supports the coexistence of opposite poles (order/disorder, unity/division) as drivers 

of the system. 

Organizational recursion, which allows us to understand how effects feed back into causes and pro-

duce structural transformations. 

Holographic principle, according to which each part contains information about the whole, and the 

whole is present in each part [4]. 

Morin's complex thought has found significant resonance in diverse Latin American academic 

spaces, especially in education, environmental studies, and transdisciplinary research, materialized in 

chairs, institutes, and research groups in countries such as Mexico, Colombia, Argentina, and Brazil. In 

the region, it coexists with traditions of greater historical roots such as liberation philosophy, decolonial 

thought, Latin American Marxism, the philosophy of praxis, and Latin American environmental 

thought. What characterizes the contemporary Latin American philosophical panorama is precisely this 

epistemic plurality where complex thought functions more as a complement than as a dominant para-

digm, generating fertile conceptual hybridizations that reflect the diversity of regional thought and its 

dialogue with global currents. 

Morin's complex theory, developed from the European continental philosophical tradition, offers a 

rich conceptual framework but presents certain challenges of methodological operationalization for em-

pirical research. Although Morin has been influenced by continental thinkers such as Hegel, Marx, Hus-

serl, Heidegger, and the Frankfurt School, as well as by phenomenology, structuralism, and hermeneu-

tics, his complexity thinking also incorporates elements of cybernetics, systems theory, and cognitive 

sciences, giving it a transdisciplinary character that sometimes transcends the strict boundaries between 

the continental and the analytical [5-9]. 

It is in this context that neutrosophy can make a significant contribution by providing logical-math-

ematical tools that allow the formalization of key aspects of complex thought, such as contradiction, 

uncertainty, and multidimensionality. This integration makes it possible to translate Morinian princi-

ples into more structured analytical procedures, facilitating their application in diverse fields of study 

without sacrificing the interpretative depth that characterizes complex thought. Neutrosophy does not 

replace but rather complements Morin's conceptual apparatus, offering methodological bridges be-

tween the theoretical richness of complex thought and its implementation in concrete research. 

Neutrosophic logic articulates these principles by providing a formal structure for representing ten-

sions, contradictions, and uncertainties, without attempting to resolve or eliminate them. Rather than 

seeking falsely homogeneous equilibriums, neutrosophy proposes modeling conflict, indeterminacy, 

and plurality as essential elements of social and cognitive systems. 

This convergence raises a fundamental question: Can neutrosophy enhance the analysis of complex 

realities by formally incorporating what classical logic excludes—ambiguity, contradiction, and the un-

known? 

This article begins with this question to explore the integration of neutrosophy and the principles of 

complexity theory, to build analytical tools capable of addressing phenomena where multiple levels of 

truth, falsehood, and uncertainty coexist. 

The following presents the epistemological foundations of this articulation, detailing how neutro-

sophic logic reinforces the interpretation of complex systems. From there, a methodological proposal is 

developed that integrates the use of models such as Neutrosophic QCA, Neutrosophic Cognitive Maps, 

and plithogenic sets, to subsequently illustrate their applicability in empirical studies through concrete 

examples [10-12]. 

 

2. Epistemological Foundations of Neutrosophy in the Study of Complexity 

 

Neutrosophy, developed by Florentin Smarandache represents an epistemological break with clas-

sical frameworks for knowledge production. Traditional epistemology is based on the search for 
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certainty, the exclusion of the third truth value, and the principle of non-contradiction. In contrast, neu-

trosophic epistemology recognizes that all knowledge is simultaneously traversed by degrees of truth 

(T), falsity (F), and indeterminacy (I). This view responds to the need to address complex phenomena 

and ambiguous realities that cannot be understood through binary logic or deterministic models. 

From this perspective, problem formulation explicitly incorporates ambiguity, contradiction, and 

information gaps. This enables the design of analytical tools capable of capturing zones of neutrality in 

data collection and interpretation. Furthermore, the neutrosophic approach is articulated with contem-

porary tools such as advanced statistical techniques and artificial intelligence, which allow for the mod-

eling of the dynamic interaction between multiple variables using neutrosophic matrices in multidi-

mensional spaces. The resulting conclusions are not presented as absolute truths, but rather as multiva-

lent expressions that reflect the n-alectic principle [13], which allows for the simultaneous coexistence 

of oppositions and intermediate states. 

From a formal-logical point of view, neutrosophy introduces a tripartite structure that assigns to 

each proposition or statement 𝑃 a degree of truth (𝑇), a degree of falsity (𝐹), and a degree of indetermi-

nacy (𝐼). Each of these values can be represented as a number or subset of the non-standard interval ] −0, 1+[. This configuration distinguishes neutrosophic logic from previous logic [1, 2]: 

 

Classical logic: only admits extreme states (1,0,0), (0,0,1) that is, absolute true or false. 

 

Fuzzy logic: introduces a degree of truth T, but implicitly assumes that F = 1 − T, and I = 0. 

Intuitionistic fuzzy logic: incorporates a degree of falsity F with the restriction T + F ≤ 1, leaving a 

"zone of hesitation" as H = 1 − T − F. 

Neutrosophic logic recognizes the independence between T, I, and F, allowing their sum to be less 

than, equal to, or greater than 1. This enables the representation of incomplete (sum <1), complete (sum 

=1), or paraconsistent (sum >1) information, according to the nature of the problem. 

Furthermore, to capture uncertainty and complexity at a finer level, each component can be refined. 

This refinement gives rise to refined fuzzy sets and multineutrosophic sets, in which the degrees of truth, 

falsity, and indeterminacy are decomposed into subcomponents [13]. For example, the truth value can 

be partitioned into 𝑇1, 𝑇2, … , 𝑇𝑝, indeterminacy at 𝐼1, 𝐼2, … , 𝐼𝑟 and falsity at 𝐹1, 𝐹2, … , 𝐹𝑠, where 𝑝 + 𝑟 + 𝑠 =𝑛, and 𝑛 is the total number of subcomponents considered. 

N-alectic is the most general dynamic derived from this frame, which describes the interactions be-

tween the 𝑛-refined subcomponents. This dynamic allows for the representation of multiple levels of 

truth, contradiction, and ambiguity that coexist and feed back into each other in evolving, conflictual, 

or uncertain systems. Neutrosophic logic, thus extended, offers a solid foundation for the analysis of 

complex systems, allowing for a depth of approach to phenomena that transcends the limitations of 

traditional logical thinking. 

Neutrosophic logic and the principles of complexity thought not only constitute an epistemological 

framework, but also offer an operational platform for the rigorous analysis of multicausal, ambiguous, 

and conflicting realities. In this study, this articulation is methodologically translated into the use of 

tools such as Neutrosophic QCA, Neutrosophic Cognitive Maps, and plithogenic models, which allow 

for the representation of causal configurations in multivalent terms, the modeling of recursive feedback 

loops, and the adjustment of the influence of attributes based on their internal contradictions. These 

tools make it possible to formally materialize the three key principles of complexity proposed by Morin 

—dialogic, recursiveness, and the hologrammatic principle —and extend them toward a logic of evalu-

ation that does not exclude contradiction or indeterminacy but rather integrates them as legitimate con-

ditions for the production of knowledge. This methodological integration is explained in detail in the 

following section. 
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3 Related Works 

 

This research adopts an integrative methodology that articulates the complexity approach with neu-

trosophic logic for the analysis of social and organizational systems characterized by uncertainty, am-

biguity, and contradiction. The methodological design is based on the application of three fundamental 

principles of Edgar Morin's complexity thinking —dialogic, organizational recursion, and the holo-

grammatic principle —integrated with the logical formulations proposed by Florentin Smarandache in 

Neutrosophy. 

From this perspective, a mixed analysis approach was adopted, incorporating: 

Complex causal configurations, modeled using Neutrosophic Qualitative Comparative Analysis 

(NsQCA) [10]; 

Neutrosophic Cognitive Maps (NCMs) represent relationships of influence and feedback between 

social concepts [12]; 

Plithogenic models allow for the inclusion of degrees of contradiction between dominant attributes 

and values [11]. 

The conceptual basis of this approach recognizes that every situation analyzed can be represented 

by a neutrosophic triad: 𝐴 = (𝑇, 𝐼, 𝐹), where 𝑇, 𝐼, 𝐹 ∈ [0,1], and 𝑇 + 𝐼 + 𝐹 ≤ 3 [1]. 

Each proposition or condition is evaluated simultaneously in terms of truth (T), indeterminacy (I), 

and falsity (F), considering these values to be independent and contextually variable. In the case of re-

fined sets, this structure is extended as follows [13]: 𝐴 = ({𝑇1, 𝑇2, … , 𝑇𝑝}, {𝐼1, 𝐼2, … , 𝐼𝑟}, {𝐹1, 𝐹2, … , 𝐹𝑠}), where 𝑝 + 𝑟 + 𝑠 = 𝑛. 

This formulation is key to capturing phenomena in which multiple levels of certainty, contradiction, 

and ambiguity coexist. Neutrosophic aggregation techniques were also used to combine partial evalu-

ations into composite outcomes, adjusting truth values according to their degree of contradiction with 

a dominant value, as proposed by plithogeny. 

Neutrosophic Cognitive Maps are implemented as dynamic modeling tools, allowing the represen-

tation of recursive cycles, branches, and critical points within the analyzed system. Each causal connec-

tion between concepts is formulated as: 𝐶𝑖 → 𝐶𝑗: = (𝑇𝑖𝑗, 𝐼𝑖𝑗 , 𝐹𝑖𝑗). 

This allows us to simulate non-linear causal trajectories and determine zones of stability, oscillation, 

or chaos in the evolution of the system. 

Finally, the methodological integration is completed with the use of NsQCA, in which each causal 

configuration 𝐶𝑘 is evaluated according to: 𝐶𝑘 = (𝑇𝑘, 𝐼𝑘 , 𝐹𝑘) ⇒ 𝑅 = 𝑓(𝐶𝑘). 

The outcome R does not depend exclusively on the value of T but on the interaction between the 

three neutrosophic components. In this way, the principle of emergence is operationalized, allowing 

novel outcomes to emerge from specific configurations of conditions, in line with the logic of complex 

thinking. 

 

4. Complexity and Neutrosophy 

4.1 The Dialogic 

 

Dialogic in Edgar Morin’s complexity theory, refers to the possibility of systems being built from the 

dynamic coexistence of antagonistic elements, such as order and disorder, without one canceling out 

the other. This perspective challenges logical reductionism that seeks to eliminate contradiction, pro-

posing instead that reality is an emergent, continuous, and non-linear process based on the interaction 

and transformation of opposites. Social, political, or cognitive phenomena are not presented as fixed 
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states, but as unstable configurations that evolve based on conflict, negotiation, and complementarity 

[7]. 

In this context, neutrosophy extends the scope of dialogic theory by introducing a third independent 

logical state: indeterminacy (I), alongside truth (T) and falsity (F). This tripartite logic not only recog-

nizes the contradiction between propositions such as A and ¬A, but also formally incorporates the neu-

tral space, represented as ¬(A ∨ ¬A) where knowledge is partial, ambiguous, or inconclusive. 

Dialogical perspective and neutrosophy thus share a common purpose: to enable the analysis of 

complex, contradictory, and ambivalent phenomena by simultaneously integrating multiple represen-

tations. In a dialogical setting, neutrosophic logic offers a formal tool for quantifying the coexistence of 

degrees of truth, falsity, and indeterminacy, generating a richer framework for evaluating conflicting 

assumptions. This is especially useful in decision-making, where opposing interests, uncertainty, and 

lack of information must often be reconciled. 

Neutrosophic logic can be refined by sets of the types: 𝑇 = {𝑇1, 𝑇2, … , 𝑇𝑝}, 𝐼 = {𝐼1, 𝐼2, … , 𝐼𝑟}, 𝐹 = {𝐹1, 𝐹2, … , 𝐹𝑠}, 
This gives rise to an n-alectic dynamic, where the multiple subdimensions of each component ( 𝑝 + 𝑟 +  𝑠 =  𝑛) allow for a more precise representation of the internal tensions within a system. Dialogic, 

understood from this perspective, is not limited to a contradictory dualism but expands toward an in-

terdependent plurality of logical states. 

In symbolic terms, dialogic can be represented as: A ∧ ¬A, 

Where: 

A: represents a partial statement or belief, ¬A: represents its contradiction or negation, 

In neutrosophic logic, this tension is not resolved by eliminating one of the poles, but by also inte-

grating the neutral component 𝐼, which leads to a broader evaluation of the system 𝐴 =  (𝑇𝐴, 𝐼𝐴, 𝐹𝐴). 

Thus, a dialogic-neutrosophic model can be designed to analyze contradictory propositions with 

partial truth value, also considering their gray areas through neutrosophic aggregation techniques. This 

integration is particularly useful in fields such as ethics, politics, epistemology, and social sciences, 

where there are no absolute truths, but rather coexisting, contradictory, and partially indeterminate 

truths that must be modeled with logical rigor. 

 

4.1.1 Illustrative example: Dialogical perspective, neutrosophy, and n-alectic logic in a socio-territo-

rial conflict 

 

Neutrosophic logic and the dialogic perspective become evident in contexts where decisions involve 

multiple dimensions of tension. A representative case is that of a wind farm project in indigenous terri-

tory. While the government and the sponsoring companies argue that the initiative will generate em-

ployment, local investment, and clean energy, Indigenous communities warn that the project could af-

fect their sacred territories, alter their spiritual relationship with the land, and jeopardize ancestral ways 

of life. 

From a classical logic, the conflict is reduced to two exclusive propositions: 

A: "The project is beneficial." 

¬A: "The project is harmful." 

However, the dialogical perspective, as proposed by Morin, allows this tension to remain active 

without annulling it, considering that both positions contain valid elements and that it is precisely in 

their interrelation where a richer understanding of reality arises. 

Neutrosophy, by extending this logic, allows this tension to be formalized through a tripartite rep-

resentation A =  (T, I, F). 

Where, 
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T = 0.6: There is a positive assessment based on social and ecological benefits, F = 0.4: Negative impacts on spiritual and social aspects are identified, I = 0.3: Uncertainties remain regarding the project's effects on other relevant dimensions. 

Since the components are independent, their sum can be greater than 1, which indicates the presence 

of a neutrosophic paraconsistency that is common in complex decisions. 

To enrich the analysis, each component can be refined using refined neutrosophic sets within an n-

alectic structure A =  (T1, T2;  I1, I2;  F1, F2) with the following interpretation: 

T1 = 0.7: Social truth — the generation of employment and income in local communities is valued 

positively, 

T2 = 0.5: Ecological truth — the environmental contribution through clean energy is recognized, 

I1 = 0.4: Environmental uncertainty — there is uncertainty about long-term impacts on fauna, flora, and 

ecosystems. 

I2 = 0.2: Economic uncertainty — there are doubts about the sustainability of the promised benefits and 

their actual distribution. 

F1 = 0.6: Spiritual falsehood — a negative impact on territories considered sacred is identified. 

F2 = 0.3: Social falsehood — a possible dissolution of collective practices and traditional community 

relations is perceived. 

This refinement allows for a more precise modeling of the social, economic, ecological, and spiritual 

dimensions of the conflict. Rather than opting for a binary decision, neutrosophic (n-alectic) analysis 

proposes a complex resolution model that considers: 

The protection of sacred areas, 

The fair redistribution of benefits, 

The requirement for ecological studies before full implementation. 

This example demonstrates that the articulation between dialogic, neutrosophy, and n-alectic logic 

is not only epistemologically coherent but also practically applicable. It provides conceptual and meth-

odological tools for managing ambiguity, modeling the coexistence of opposing perspectives, and for-

mulating ethical and contextualized decisions. 

 

4.2 The Principle of Recursion 

 

The idea of recursion, formulated by Edgar Morin (1990), proposes a break with the linear logic of 

cause and effect. Instead of a unidirectional sequence, Morin proposes a model where the product reacts 

to what produced it, generating a self-constituting, self-organizing, and autopoietic system [8]. This 

principle allows us to understand how complex systems—particularly social, cognitive, or institutional 

ones—continuously regenerate and transform through internal feedback processes. 

From the neutrosophic perspective, this approach finds a logical and formal extension. In a complex 

system, each outcome can be evaluated based on the independent degrees of truth (T), indeterminacy 

(I), and falsity (F). These components do not act linearly, but interact with each other in recursive loops, 

where truth can generate falsity, falsehood can produce uncertainty, and indeterminacy can become a 

new source of truth, depending on the contextual conditions of the system. 

Neutrosophic Cognitive Maps (NCMs) have been developed. It is an extension of fuzzy cognitive 

maps, in which causal relationships between concepts are not expressed solely as positive or negative, 

but as triple sets (T, I, F) [14]. Each node represents a key concept in the system (e.g., "social trust," "com-

munity cohesion," "energy policy"), and each link describes how one influences another with varying 

degrees of certainty, contradiction, and indeterminacy. 

The neutrosophic recursion in these maps allows us to identify three typical behaviors: 

Fixed point: The system converges to a stable state. For example, a public policy implemented adap-

tively manages to stabilize citizen perception with high truth values and low uncertainty. 
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Repetitive cycle: The system oscillates between a finite set of states. This is observed in contexts 

where institutional legitimacy and social conflict periodically feed off each other, without definitive 

resolution. 

Chaotic state: The system achieves neither equilibrium nor periodicity, but instead generates unpre-

dictable trajectories. This typically occurs when levels of uncertainty are high, relationships are contra-

dictory, and feedbacks overlap without a clear direction. 

These behaviors can be formalized through expressions of the type: 𝐴 → 𝐵 → 𝐴              (2) 

Where A causes B and B causes A, forming a simple cycle. In more complex systems, this recursion 

is expressed as: 𝐴 → 𝐵1 → 𝐵2 → ⋯ → 𝐵𝑛 → 𝐴       (3) 

Here, 𝐴 is affected by a chain of intermediate concepts, but the cycle closes on itself, generating a 

network of multiple feedback loops. Neutrosophic cognitive maps allow these relationships to be rep-

resented with non-binary values, integrating the logic of ambiguity, partiality, and contradiction that 

characterize real systems. 

In fields such as politics, organizational management, ethics, and sociocultural studies, the combi-

nation of complexity thinking, neutrosophic logic, and cognitive maps allows for the construction of 

explanatory and predictive models that better adapt to the uncertain, contradictory, and multicausal 

nature of phenomena. These models allow us not only to describe complexity but also to intervene in it, 

adapting strategies and decisions to living systems where effects continually feedback to causes and 

where truths are not absolute but dynamic and contingent. 

 

4.2.1 Illustrative example: Neutrosophic Cognitive Maps and Recursion in the Analysis of Citizen 

Trust in Times of Crisis 

 

The dynamics of citizen trust in institutions during a social crisis constitute a complex phenomenon 

that can be effectively addressed through neutrosophic cognitive maps (NCMs). This approach allows 

for modeling the feedback systems between social, political, and communication factors, incorporating 

degrees of truth, falsity, and indeterminacy, thus capturing the ambiguity inherent in volatile contexts. 

In this example, we analyze the case of a country experiencing an institutional crisis due to political 

corruption and ineffective management of a health emergency. The key factors affecting citizen trust 

are represented as interconnected neutrosophic concepts: 

C1: Government transparency, 

C2: Management of the health crisis, 

C3: Media, 

C4: Citizen participation, 

C5: Trust in institutions. 

Each relationship between these concepts is modeled with a triad (T, I, F), which represents the de-

gree to which one concept influences another, considering that this influence can be partially true, un-

determined, or false. 

For example: 𝐶1 → 𝐶5: = (𝑇 = 0.6, 𝐼 = 0.3, 𝐹 = 0.1): Government transparency positively influences trust, but with 

a certain degree of uncertainty mediated by the political context. 𝐶2 → 𝐶5: = (𝑇 = 0.4, 𝐼 = 0.4, 𝐹 = 0.2): Healthcare management ambiguously impacts trust, given the 

mix of successes and errors in its execution. 𝐶3 → 𝐶5: = (𝑇 = 0.3, 𝐼 = 0.5, 𝐹 = 0.2): The media contributes to both information and misinformation, 

generating high levels of uncertainty. 𝐶5 → 𝐶4: = (𝑇 = 0.7, 𝐼 = 0.2, 𝐹 = 0.1): Citizen trust stimulates participation, although not automati-

cally or linearly. 
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𝐶4 → 𝐶1: = (𝑇 = 0.5, 𝐼 = 0.3, 𝐹 = 0.2): Participation can promote transparency, but can also be cap-

tured by actors with particular interests. 

These relationships form a recursive circuit 𝐶1 → 𝐶5 → 𝐶4 → 𝐶1. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Recursive Loop Structure within a Neutrosophic Cognitive Map 
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This structure gives rise to different system behaviors: 

If valuations tend to stabilize (e.g., sustained improvement in transparency and participation), the 

system converges to a fixed point with high T and low F and I. 

If perception fluctuates (for example, in the face of partial reforms followed by scandals), the system 

enters a repeating cycle of trust and distrust. 

If evaluations change in an unpredictable and contradictory manner (due to media manipulation, 

simultaneous crises, and rumors), the system may drift into a chaotic state, where I values rise signifi-

cantly. 

NCMs allow these scenarios to be simulated and visualize how small changes in one node affect the 

rest, through the neutrosophic propagation of information. This provides decision-makers with more 

precise tools to intervene strategically, for example, by strengthening key nodes such as transparency 

or participation. 

In short, neutrosophic cognitive maps operationalize the integration between the organizational re-

cursion of complexity theory and the tripartite logic of neutrosophy, allowing not only to understand 

but also to adaptively manage complex and unstable social systems. 

 

4.3 The Hologrammatic Principle 

 

The hologrammatic principle, one of the foundations of complexity theory, establishes a profound 

interrelationship between the parts and the whole of a system. Inspired by the metaphor of the holo-

gram, in which each fragment contains information about the whole, this principle asserts that not only 

do the parts make up the whole, but the whole exists in each of the parts. The part cannot be fully 

understood without considering the whole, and the whole cannot be understood without observing its 

parts. 

This approach overcomes both reductionism, which isolates parts to understand in a fragmented 

manner, and holism, which evaluates the whole without recognizing the particularities of the parts. The 

holographic principle builds fractal understandings of environments, integrating diverse perspectives. 

It highlights the need for a complex vision of knowledge, as reflected in concepts such as multiple eco-

systems and diatopia, which seek plurality between different areas of knowledge and ways of life to 

build a model of understanding reality [15, 16]. 

The hologrammatic principle communicates the existence of zones of ambiguity and indeterminacy 

since it is not possible to precisely determine the extent to which each part contains the whole. This 

interrelationship creates a space of uncertainty, where boundaries are unclear and understanding an 

element depends on a broader context. Hologrammatic reality integrates determinable and indetermi-

nable components of the whole, intuited in degrees and time, which includes gray areas or spaces of 

neutrality that cannot be communicated as definable values of the whole in the part. 

From the neutrosophic perspective, a proposition or entity can be represented as a triplet: 𝐴 = (𝑇, 𝐼, 𝐹), 

Where T, I, and F represent, respectively, the degrees of truth, indeterminacy, and falsity. These val-

ues are not fixed but vary depending on the context or systemic "whole" A to which part P belongs: 

That is, if 𝑣(𝑃/𝑃 ⊂ 𝐴1) = (𝑇1, 𝐼1, 𝐹1) and 𝑣(𝑃/𝑃 ⊂ 𝐴2) = (𝑇2, 𝐼2, 𝐹2), then it does not necessarily hold: (𝑇1, 𝐼1, 𝐹1) = (𝑇2, 𝐼2, 𝐹2). 

This contextual variability breaks the classical principle of identity ("A is A") since the same part can 

assume different logical identities depending on the system that contains it. It also allows for the coex-

istence of contradictory values of truth and falsehood, which violates the principle of non-contradiction 

but is consistent with the framework of neutrosophic logic. Rather than eliminating contradiction, this 

logic integrates it as a constitutive part of complex knowledge, as anticipated by the hologrammatic 

principle when postulating the recursive interpenetration between parts and the whole. 
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Plithogeny, for its part, allows this complexity to be modeled from a mathematical perspective. A 

plithogenic set is defined as: 𝑥 = {(𝑎𝑗, 𝑣𝑗(𝑥), 𝑐𝑗(𝑥))}𝑗=1𝑛    
Where: 𝑎𝑗: is an attribute or criterion, 𝑣𝑗(𝑥): is the neutrosophic value (𝑇, 𝐼, 𝐹) concerning that attribute, 𝑐𝑗(𝑥): is the degree of contradiction concerning the dominant attribute. 

Each part contains information about the whole through its attributes and values. Plithogeny recog-

nizes that the evaluation of a value cannot be separated from its relationship to other values, nor its 

degree of contradiction with the dominant value. Thus, it functions as a "logical hologram": each evalu-

ative fragment reflects tensions, contradictions, and elements of the whole. This interpenetration of lev-

els allows for the modeling of complex systems in which uncertainty, ambivalence, and plurality are 

not only recognized but actively incorporated into the analysis. 

Mathematically, the contradiction 𝑐𝑗(𝑥) can be seen as negative or corrective feedback that prevents 

values "far from the center of the system" from having a disproportionate influence. It is said: 

Reinforces the internal stability of the model, 

Reduces the "structural noise" of unaligned attributes, 

It promotes the overall coherence of the system (part-whole). 

This is also consistent with the hologrammatic principle because it allows each part (attribute) to 

contribute to the whole based on its affinity with the overall logic of the system. 

 

4.3.1 Illustrative example: Plithogenic evaluation of a teacher's professional profile 

 

Context: To evaluate the profile of a university professor based on five attributes: A1 (scientific pro-

duction, dominant attribute), A2 (teaching quality), A3 (institutional commitment), A4 (community par-

ticipation), and A5 (pedagogical innovation). The results are summarized in Table 1. 

 
Table 1. Neutrosophic evaluation relationships and contradiction between attributes values for the example. 

 

Attribute (𝑨𝒋) 𝑻 𝑰 𝑭 
Contradiction (𝒄𝒋) regard-

ing 𝑨𝟏 (dominant) 

A1: Scientific production 0.9 0.05 0.05 0.00 

A2: Teaching quality 0.8 0.10 0.10 0.075 

A3: Institutional commit-

ment 
0.6 0.20 0.20 0.225 

A4: Community Participa-

tion 
0.4 0.30 0.30 0.375 

A5: Pedagogical innovation 0.7 0.20 0.10 0.125 

 

Plithogenic aggregation taking into account the degree of contradiction: 

For each attribute, the value of the triples is adjusted by applying [1 −  c(vD, v2)] ⋅ (vD ∧F v2)  + c(vD, v2) ⋅ (vD ∨F v2), for each component T, and [1 −  c(vD, v2)] ⋅ (vD ∨F v2)  +  c(vD, v2) ⋅ (vD ∧F v2) for 

the components I and F. Where ∧F is the min fuzzy t-norm and ∨F is the max fuzzy t-conorm. 

For each value we have: 

Concerning A2, it is (0.8075, 0.09625, 0.09625), 

Concerning A3, it is (0.6675, 0.16625, 0.16625), 

Concerning A4, it is (0.5875, 0.20625, 0.20625), 

Concerning A5, it is (0.725, 0.18125,0.09375). 
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Let us now aggregate using the arithmetic mean, (0.5575, 0.13,0.1125). 

The interpretation according to the values of the contradiction function is interpreted as follows: 

A2 is highly aligned with the dominant attribute. 

A4 presents a significant contradiction, indicating tensions with the scientistic orientation. 

A3 and A5 show intermediate contradictions, which can be managed. 

Regarding the relationship with the holographic principle, each attribute partially reflects the whole 

of the teaching profile, but does so from a perspective that may or may not align with the dominant 

approach of the institutional system. The part (attribute) contains aspects of the whole (expected pro-

fessional identity), and in turn, these parts influence the definition of the whole, generating a recursive 

system. Plithogeny allows this dynamic to be expressed through degrees of contradiction, showing how 

far an attribute deviates from the dominant ideal without denying its validity within the system. 

Mathematically, contradiction acts as corrective feedback that adjusts the weight of each attribute in 

the overall profile. This minimizes the influence of elements that destabilize the coherence of the evalu-

ated system, ensuring functional integration between the parts and the whole. This process supports a 

complex, relational, and contextualized interpretation of teacher performance. 

 

4.4 The NsQCA method as an integration of complexity principles. 

 

NsQCA method (Neutrosophic Qualitative Comparative Analysis) represents an extension of tradi-

tional QCA, integrating neutrosophic logic to handle causal configurations with levels of truth, falsity, 

and indeterminacy [17, 18]. This methodology not only allows for the exploration of complexity in terms 

of multiple causal conditions, but also formally incorporates epistemic uncertainty, the ambivalent na-

ture of certain relationships, and the coexistence of configurations that may be partially true or false 

depending on the context. 

Formally, each causal configuration 𝐶𝑖 can be represented by a neutrosophic triplet: 𝐶𝑖 = (𝑇𝑖, 𝐼𝑖, 𝐹𝑖), where 𝑇𝑖, 𝐼𝑖, 𝐹𝑖 ∈ [0, 1], and 𝑇𝑖 + 𝐼𝑖 + 𝐹𝑖 ≤ 3. 

The contribution of each configuration to the outcome 𝑅 can be modeled as a neutrosophic function: 𝑅 = 𝑓(𝐶𝑖) = 𝑓(𝑇𝑖, 𝐼𝑖, 𝐹𝑖), 

Where the emergence of the result does not depend solely on 𝑇, but on the balanced interaction be-

tween the three components, which reflects both certainties and ambiguities. 

From the perspective of Edgar Morin's complex thinking, the NsQCA method articulates the follow-

ing fundamental principles: 

Holographic Principle: Each causal configuration contains elements of the overall system and, in 

turn, influences its structure. A combination of conditions reflects both the entire phenomenon and its 

internal tensions. 

Recursion Principle: The results of a configuration do not just emerge from the conditions, but feed 

back into the system, allowing for dynamic reinterpretation. 

Dialogic principle: Causal conditions can be complementary, contradictory, or coexisting, which is 

modeled by the neutrosophic components (𝑇, 𝐼, 𝐹). 

Configurations can have degrees of truth and falsehood simultaneously and also show an indeter-

minate proportion. 

This logic breaks with classical causal linearity and allows for the representation of complex systems 

where multiple causes produce the same result, or where similar causes lead to different results de-

pending on the context. The use of neutrosophic values provides a flexible framework for the compar-

ative analysis of real cases. This relationship allows NsQCA to function as an appropriate methodology 

for operationalizing Morin's complex thinking in concrete empirical research on social and organiza-

tional phenomena. 
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Multialism —the philosophical proposal by Florentin Smarandache that any assertion (A) must be 

contemplated together with its neutral and anti-assertive counterparts—offers a meta-framework that 

dovetails naturally with both NsQCA and Morin's complexity thinking[19]. By legitimizing the simul-

taneous presence of affirmation, neutrality, and negation, Multialism supplies the ontological scaffold-

ing that underlies the neutrosophic triplet (T,I,F) used in NsQCA and echoes Morin's dialogic principle 

of the co-existence of opposites. In practical terms, Multialism transcends fixed classifications by allow-

ing these and other philosophical categories to interact dynamically, formally expressed as [20, 21] < (𝑚𝑢𝑙𝑡𝑖)𝐴 >  + < (𝑚𝑢𝑙𝑡𝑖)𝑛𝑒𝑢𝑡𝐴 >  + < (𝑚𝑢𝑙𝑡𝑖)𝑎𝑛𝑡𝑖𝐴 > =  ∞ 
This identity underscores an open, unbounded epistemic space where causal conditions may func-

tion concurrently as enablers, inhibitors, or neutral factors depending on context—a hallmark both of 

Morin's non-linear, hologrammatic logic and of the neutrosophic reasoning at the heart of NsQCA. In 

short, Multialism not only philosophically justifies the coexistence of T, I, and F within each configura-

tion, but also furnishes the conceptual bridge that operationalizes Morin's complexity principles in em-

pirical causal‐comparative research. 
 

4.4.1. Illustrative example: Analysis of conditions for the success of an educational innovation project. 

 

Context: We aim to determine the causal configurations that explain the success of a set of educa-

tional innovation projects in universities. Five conditions are considered: 

C1: Institutional support, 

C2: Teacher training, 

C3: External financing, 

C4: Student participation, 

C5: Continuous assessment. 

Each condition is assessed using neutrosophic triplets (𝑇, 𝐼, 𝐹), and the outcome (project success) is 

also described neutrosophically. 

Example of case table: 

 
Table 2. Example of causal relationships of cases in the NsQCA method. 

 

Case C1 C2 C3 C4 C5 Result 

A (0.9,0.05,0.05) (0.8,0.1,0.1) (0.4,0.3,0.3) (0.7,0.2,0.1) (0.6,0.2,0.2) (0.85,0.1,0.05) 

B (0.5,0.3,0.2) (0.6,0.2,0.2) (0.8,0.1,0.1) (0.4,0.4,0.2) (0.5,0.3,0.2) (0.65,0.25,0.1) 

C (0.7,0.2,0.1) (0.6,0.3,0.1) (0.5,0.4,0.1) (0.6,0.2,0.2) (0.8,0.1,0.1) (0.80,0.15,0.05) 

 

The interpretation is that the NsQCA method allows: 

Identify robust causal configurations that lead to a result with high truth value, 

Determine which conditions contribute to a greater or lesser contradiction (for example, C3 in case A 

is weak). 

Integrate uncertainty (I) as a legitimate epistemological variable in the analysis. 

 

5. Conclusion 

 

Neutrosophic logic, by explicitly incorporating independent degrees of truth (T), falsity (F), and in-

determinacy (I), presents itself as an ideal tool for addressing complex realities characterized by ambi-

guity, contradiction, and structural uncertainty. Unlike classical frameworks, neutrosophy does not 

seek to eliminate contradiction, but rather to integrate it as a constitutive part of knowledge. This ca-

pacity is especially relevant in social, political, and organizational contexts where phenomena are not 
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expressed through absolute certainties, but rather through multiple, unstable, and multicausal configu-

rations. 

The articulation of neutrosophy with Edgar Morin's principles of complex thought —dialogic, or-

ganizational recursion, and the hologrammatic principle, allowed for the development of a methodo-

logical approach that combines NsQCA, Neutrosophic Cognitive Maps, and plithogenic models. These 

tools make it possible to represent nonlinear causal relationships, model systemic feedback, and adjust 

evaluative logic based on their degree of contradiction with dominant values. In this way, an integrative 

epistemology capable of capturing the gray areas of thought and action is operationalized. 

This is a departure point for opening many future lines of investigation like neutrosophic decision-

support systems, the application of plithogenic models in public policy analysis, or the exploration of 

n-alectic logic in intercultural educational settings. These possibilities strengthen neutrosophy not only 

as a philosophical proposal, but also as a logical and methodological infrastructure capable of respond-

ing to the challenges of knowledge in real contexts where truth, falsehood, and uncertainty coexist dy-

namically. 
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Abstract: This study aimed to evaluate user satisfaction with retail software developed by Software Engineering 

students using a Neutrosophic Likert Scale, which captures agreement, indeterminacy, and disagreement dimensions 

to better reflect real-world user perceptions. The results demonstrated high agreement scores (mean ∼0.75) across key 

characteristics such as ease of use, speed, and response quality, indicating strong user satisfaction, while moderate 

indeterminacy scores (mean ∼0.25–0.75) highlighted areas for minor improvements. The study’s key contributions 

include the application of neutrosophic logic to assess software usability, validation of the student’s technical and 

managerial competencies, and actionable insights for enhancing system performance and user experience. 

Keywords: Neutrosophic logic, Likert scale, user satisfaction, retail software, software engineering education 

 

1. Introduction 

The Software Engineering program at the University of Guayaquil ensures that its students not only the 

technical side of software development but also the management side of a software project [1, 2]. One of 

the most relevant aspects of this management is knowing how to develop a system that meets user 

satisfaction because it directly influences adoption, engagement, and long-term success [3, 4]. Developing 

a retail system as a software engineering project provides students with hands-on experience in designing, 

building, and deploying a real-world application that mimics modern retail operations. This type of system 

typically includes features such as inventory management, sales processing, customer relationship 

management (CRM), and reporting tools, allowing students to practice key software engineering concepts 

such as database design, user interface (UI) development, API integration, and security best practices. By 

working in a retail system, students gain exposure to business logic, transaction handling, and data 

analytics, preparing them for industry challenges while fostering teamwork, problem-solving, and project 

management skills. 

In addition, a retail system project helps students understand the importance of user-centric design and 

system scalability. Since retail applications must cater to both employees (cashiers and managers) and 

customers (online shoppers), students learn to balance functionality, usability, and performance. They also 

explore emerging technologies such as mobile payments, cloud storage, and AI-driven recommendations, 

making the project relevant to modern retail trends. Completing such a project not only strengthens 

mailto:frparralesb@ube.edu.ec
mailto:ljcevallost@ube.edu.ec
mailto:rtolozano@ube.edu.ec
mailto:drumbautr@ube.edu.ec
mailto:franklin.parralesb@ug.edu.ec
mailto:jose.agurtopin@ug.edu.ec
mailto:elvis.arteagay@ug.edu.ec
mailto:lorenzo.cevallost@ug.edu.ec
mailto:leonelvasquez@uees.edu.ec
mailto:vgomez@itsu.edu.ec


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Franklin Parrales-Bravo, José Agurto-Pincay, Roberto Tolozano-Benites, Elvis Arteaga-Yaguar, Leonel Vasquez-Cevallos, 
Lorenzo Cevallos-Torres, Dayron Rumbaut-Rangel, Víctor Gómez-Rodríguez. Neutrosophic Likert Scale to Assess the User 
Satisfaction with Retail Software Developed by Software Engineering Students      

305 

technical expertise, but also demonstrates practical experience to potential employers, showcasing their 

ability to develop functional, efficient, and user-friendly software solutions. 

When users find a system intuitive, efficient, and aligned with their needs, they are more likely to use 

it consistently, recommend it to others, and remain loyal [5, 6]. A well-designed system reduces frustration, 

minimizes errors, and enhances productivity, leading to higher retention rates and lower support costs [7]. 

Additionally, satisfied users provide valuable feedback, enabling continuous improvement and innovation 

[8,9]. Ignoring user satisfaction, on the other hand, can result in poor adoption, negative reviews, and 

wasted resources, ultimately undermining the purpose of the system [10]. 

The Neutrosophic Likert Scale improves decision-making in fuzzy or uncertain environments, such as 

user satisfaction surveys [11]. It acknowledges that real-world opinions often exist in a spectrum rather 

than in fixed categories, reducing bias from forced choices [12]. For example, in the use of retail software, 

where user satisfaction can be influenced by multiple conflicting factors, this scale helps identify subtle 

trends and areas that need improvement. 

In this paper, we address the user evaluation of a retail system developed by Software Engineering 

students at the University of Guayaquil. This system is available in [13] and we describe its components. 

To evaluate user satisfaction, we will consider a neutrosophic Likert scale since it can measure truth, falsity, 

and indeterminacy, reflecting real-world user ambiguity better than traditional scales. 

 

2. Materials and Methods  

2.1 System Description 

 

This section provides an overview of the structure and design of the system developed by software 

engineering students that is freely available in [13]. This section also includes a description of each of its 

components and the technologies selected for its implementation. 

 

Figure 1. presents the components of the developed system. 

 

 
Figure 1. System component diagram. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Franklin Parrales-Bravo, José Agurto-Pincay, Roberto Tolozano-Benites, Elvis Arteaga-Yaguar, Leonel Vasquez-Cevallos, 
Lorenzo Cevallos-Torres, Dayron Rumbaut-Rangel, Víctor Gómez-Rodríguez. Neutrosophic Likert Scale to Assess the User 
Satisfaction with Retail Software Developed by Software Engineering Students      

306 

Each component is described in the following lines, grouping it by packages: 

 

(1) Framework: 

• Microsoft .NET Framework: This component represents the underlying infrastructure used by 

the C# application. It provides a runtime environment for the development and execution of 

applications. 

(2) C# Application: 

• Login: This component handles user authentication, ensuring that only authorized users can 

access the application. 

• Main Menu: This component serves as the central navigation point of the application, allowing 

users to access various functions and modules. 

• User Management: This component manages user information and permissions, including 

creating, modifying, and deleting user accounts. 

• Product Management: This component is responsible for managing product information, 

including adding, modifying, and deleting products 

• Inventory Management: This component handles inventory data, including tracking stock 

levels and updating inventory counts. 

• Purchase Management: This component manages activities related to purchases, including 

creating and tracking purchase orders. 

• Sales Management: This component manages sales data and processes, including creating and 

tracking sales orders. 

• Reports & Graphs: This component generates reports and visual data representations, 

providing users with important information for decision-making. 

(3) Database: 

• SQL Server: This is the database server used to store and manage the application’s data. 
 

An example of the system interface can be seen in Figure 2. For more details on how to use the system, you 

can consult the user manual found in its GitHub repository [13]. In addition, a video demonstration of the 

use of the system is available at [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Interface to register a purchase. 
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2.2. Neutrosophic Likert Scale Questions 

To obtain information on user satisfaction with the proposed chatbot, 150 users were selected to 

participate in application tests. The selected sample corresponds to people who have a high degree of 

knowledge of the use of technologies such as cell phones, tablets, and laptops. Their ages are between 18 

and 55 years. Five characteristics were considered in the survey. Those were: The ease of use (A), speed (B), 

correct behavior (C), confidence to use it again (D), and the quality of response provided (E). 

The Neutrosophic Likert scale[15,16] used in this study can be mathematically defined as follows: 

For each evaluated characteristic (A, B, C, D, E), a neutrosophic three-dimensional assessment is 

employed, which can be represented as a set of ordered triplets: 𝐿𝑁𝑠 = (𝑇𝑖, 𝐼𝑖 , 𝐹𝑖)|𝑖 ∈ 1,2,3,4,5              (1) 

Where: 𝑇𝑖 represents the degree of agreement (truth) 𝐼𝑖 represents the degree of indeterminacy (uncertainty) 

F_i represents the degree of disagreement (falseness) 

 

Each dimension (T, I, F) can take discrete values in the set {1, 2, 3, 4, 5}, where: 

1 represents the minimum value of the dimension 

5 represents the maximum value of the dimension 

 

Normalization to [0,1] Scale 

To convert values from the original {1,2,3,4,5} scale to a normalized scale in the interval [0,1], the 

following transformation is applied: 𝑇𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 = 𝑇−14                (2) 𝐼𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 = 𝐼−14                     (3) 𝐹𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 = 𝐹−14                (4) 

Where: 𝑇, 𝐼, 𝐹 ∈  {1,2,3,4,5} are the original values 𝑇𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑, 𝐼𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑, 𝐹𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 ∈ [0,1] are the normalized values 

This normalization maps the original values as follows: 

1 → 0 

2 → 0.25 

3 → 0.5 

4 → 0.75 

5 → 1 

For a participant j evaluating a characteristic k, their normalized assessment is expressed as: 𝐸𝑗 , 𝑘𝑛𝑜𝑟𝑚 =  (𝑇𝑗,𝑘−14 , 𝐼𝑗,𝑘−14 , 𝐹𝑗,𝑘−14 )            (5) 

The overall normalized assessment for a characteristic k considering all n participants can be calculated 

as: 𝐸𝑘𝑛𝑜𝑟𝑚 =  (1𝑛) ∑ 𝐸𝑗𝑛𝑗=1 , 𝑘𝑛𝑜𝑟𝑚 =  ((1𝑛) ∑ 𝑇𝑗 ,𝑘−14𝑛𝑗=1 , (1𝑛) ∑ 𝐼𝑗,𝑘−14𝑛𝑗=1 , (1𝑛) ∑ 𝐹𝑗,𝑘−14𝑛𝑗=1 )   (6) 

This transformation allows the expression of the assessments in the standard neutrosophic framework 

with values in the unit interval [0,1], facilitating their interpretation and comparison with other 

neutrosophic studies [17, 18, 19]. 

Below are the questions designed to measure the five characteristics (A-E) on a Neutrosophic Likert 

scale. The scale includes three dimensions: Agreement (T), Indeterminacy (I), and Disagreement (F), each 

rated from 1 to 5 (where 1 = lowest, 5 = highest). 
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Table 1. Neutrosophic Likert Scale Questions 

Characteristic Question Dimension 

 

A: Ease of Use 

The software is intuitive and easy to navigate. T: Agreement 

I am unsure about some features of the software. I: Indeterminacy 

The software is complicated to use. F: Disagreement 

 

B: Speed 

The software responds quickly to user inputs. T: Agreement 

Sometimes, the software’s speed is inconsistent. I: Indeterminacy 

The software is slow and delays my work. F: Disagreement 

 

C: Correct Behavior 

The software performs all functions correctly without errors. T: Agreement 

I occasionally encounter unexpected behavior in the software. I: Indeterminacy 

The software frequently malfunctions or crashes. F: Disagreement 

 

D: Confidence 

I would confidently use this software again in the future. T: Agreement 

I am hesitant about using this software again. I: Indeterminacy 

I would avoid using this software again. F: Disagreement 

 

E: Quality of 

Responses 

The software provides accurate and helpful responses. T: Agreement 

Some responses from the software are unclear or irrelevant. I: Indeterminacy 

The software’s responses are often incorrect or unhelpful. F: Disagreement 
 

 

Regarding the dimensions, in the following lines we describe the interpretation given to each of them. 

Agreement (T): 

• High scores (e.g., 4-5) indicate strong user satisfaction with the software’s ease of use, speed, 
correctness, confidence, and response quality. 

• Low scores (e.g., 1-2) suggest dissatisfaction or significant issues. 

Indeterminacy (I): 

• High scores reflect uncertainty or inconsistency in user experiences (e.g., occasional delays 

or unclear responses). 

• Low scores indicate that users are confident and rarely encounter ambiguities. 

Disagreement (F): 

• High scores highlight significant problems (e.g., software is slow, malfunctions, or provides 

poor responses). 

• Low scores suggest minimal disagreement or negative experiences. 

3. Results  

This section presents the results obtained from the user satisfaction survey conducted using the 

Neutrosophic Likert Scale. The section includes visual and statistical analyses of the survey data, focusing on 

three dimensions: Agreement (T), Indeterminacy (I), and Disagreement (F). For this purpose, we consider a bar 

graph with the mean scores for each dimension across the evaluated characteristics (ease of use, speed, correct 

behavior, confidence, and quality of responses). Moreover, we consider the distribution of scores through 

boxplots. 

3.1. Bar plot with means. 

Figure 3 presents the bar graphs for each dimension of the Neutrosophic Likert Scale survey, which includes 

Agreement (T), Indeterminacy (I), and Disagreement (F).  
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     Figure 3. Plot bar graphs for each dimension (Agreement, Indeterminacy, Disagreement). 

 

Figure 3 indicates that the Agreement (T) scores are consistently high, with a mean of approximately 0.75, 

reflecting strong user satisfaction in all the characteristics evaluated, such as ease of use, speed, correct behavior, 

confidence, and quality of responses. 

In addition, Indeterminacy (I) scores are moderate, with a mean of approximately 0.375, suggesting that some 

users experienced occasional uncertainties or inconsistencies, such as delays or unclear responses. In contrast, 

the Disagreement (F) scores are very low, with a mean of around 0.125, indicating minimal significant issues or 

negative experiences. Overall, these results demonstrate that the retail software developed by the students was 

well received, with high satisfaction levels and only minor areas that needed improvement.  

3.2 Boxplots of distribution of Neutrosophic Likert Scores 

Figure 4 displays the boxplots of the distribution of Neutrosophic Likert Scores from the survey, illustrating 

the variability and central tendencies of the Agreement (T), Indeterminacy (I), and Disagreement (F) dimensions 

across the evaluated characteristics (A-E). 

The boxplots of Figure 4 reveal that Agreement (T) scores are consistently high, with medians close to 0.75 

and a narrow interquartile range, indicating strong consensus among users regarding the software’s ease of use, 
speed, correct behavior, confidence, and response quality. In contrast, Indeterminacy (I) scores show moderate 

variability, with medians ranging between 0.25 and 0.5, reflecting occasional uncertainties or inconsistencies in 

user experiences, such as delays or unclear responses. Disagreement (F) scores are clustered at the lower end of 

the scale, with medians around 0 to 0.25 and minimal spread, suggesting that significant issues or negative 

experiences were rare. Overall, the boxplots confirm the robustness of the software’s perform ance, with high 

user satisfaction and only minor areas requiring improvement, as evidenced by the low levels of disagreement 

and moderate indeterminacy. 

 

 
Figure 4. Distribution of Neutrosophic Likert Scores. 
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All in all, in Figures 3 and 4 can be shown that the Agreement (T) scores are consistently high (mean ∼ 0.75). 

Moreover, the Indeterminacy (I) shows as moderate (mean ∼0.25-0.5). Finally, the Disagreement (F) keeps scores 

very low (mean ∼0-0.5). All in all, the survey results reflect a well-received software system with strong user 

satisfaction. 

 

4. Discussion 

4.1. Positive Aspects of the Results 

 

The survey results using the Neutrosophic Likert Scale demonstrated strong user satisfaction with the retail 

software developed by Software Engineering students. Key positive findings include:  

• High Agreement (T) Scores: The mean scores for Agreement were consistently around 4 across all 

evaluated characteristics (ease of use, speed, correct behavior, confidence, and quality of 

responses). This indicates that users found the software intuitive, efficient, reliable, and 

trustworthy. 

• Low Disagreement (F) Scores: The mean scores for Disagreement were very low (0–0.25), 

suggesting minimal significant issues such as malfunctions, delays, or poor responses. This reflects 

the software’s robustness and alignment with user needs.  
• Moderate Indeterminacy (I) Scores: While Indeterminacy scores were slightly higher (2–3), they 

primarily reflected occasional uncertainties or inconsistencies, such as sporadic delays or unclear 

responses. These scores highlight areas for improvement but do not overshadow the overall 

positive reception. 

 

The results validate the effectiveness of the software’s design and implementation, particularly its user-

centric approach and the integration of key functionalities like inventory management, sales processing, and 

reporting tools. The high satisfaction levels also underscore the students’ success in applying Software 
Engineering principles to a real-world project [19-22]. 

4.2. Future Development Considerations 

To further enhance the system, the following aspects should be considered: 

 

Addressing Indeterminacy: 

• Performance Optimization: Investigate and resolve occasional speed inconsistencies to 

reduce user uncertainty (e.g., optimizing database queries or server response times). 

• Clarity in Responses: Improve the software’s feedback mechanisms to ensure all responses 
are clear and relevant, particularly in features like reporting and CRM. 

Feature Expansion: 

• AI-Driven Recommendations: Integrate machine learning to provide personalized product 

recommendations, aligning with modern retail trends. 

• Mobile Compatibility: Develop a mobile version or app to cater to users who prefer on-the-

go access, enhancing convenience and usability. 

User Training and Documentation: 

• Provide comprehensive tutorials or tooltips for features where users expressed hesitation 

(e.g., advanced reporting tools). This could reduce Indeterminacy scores by increasing user 

confidence. 

Scalability and Security: 

• Ensure the system can handle increased user loads and data volumes as it scales. 

• Implement advanced security measures, such as multi-factor authentication, to bolster user 

trust, especially for sensitive operations like payment processing. 
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Continuous Feedback Mechanisms: 

• Incorporate real-time feedback tools within the software to gather ongoing user input, 

enabling iterative improvements and keeping the system aligned with evolving user needs. 

 

All in all, the Neutrosophic Likert Scale effectively captured nuanced user perceptions, revealing both 

the strengths of the retail software and areas for refinement. The high satisfaction levels are a testament to 

the student’s technical and managerial competencies, while the identified indeterminacies provide a clear 

roadmap for future enhancements. By addressing these aspects, the system can evolve into an even more 

robust and user-friendly solution, further bridging the gap between academic projects and industry 

standards. 

5. Conclusion 

The study demonstrated the effectiveness of the Neutrosophic Likert Scale in evaluating user 

satisfaction with retail software developed by Software Engineering students. The results revealed 

consistently high Agreement (T) scores (mean ∼0.75) across all evaluated characteristics— ease of use, 

speed, correct behavior, confidence, and quality of responses—indicating strong user satisfaction. 

Moderate Indeterminacy (I) scores (mean ∼0.25–0.5) highlighted occasional uncertainties, such as 

inconsistent speed or unclear responses, while very low Disagreement (F) scores (mean ∼0–0.25) confirmed 

minimal significant issues. These findings underscore the software’s robustness and alignment with user 

needs, validating the students’ technical and managerial competencies in developing a real-world 

application. 

Despite positive outcomes, the study has limitations, including a sample size of 150 users, which may 

not fully represent broader user demographics. Additionally, the focus on a specific retail software context 

limits generalizability to other domains.  Future work should address identified indeterminacies by 

optimizing performance and improving response clarity.  Expanding features, such as integrating AI-

driven recommendations and mobile compatibility, could further enhance user satisfaction.  Longitudinal 

studies and larger and more diverse samples would strengthen the findings, while continuous feedback 

mechanisms could support iterative improvements, bridging the gap between academic projects and 

industry standards. 
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Abstract. Agricultural sustainability is a complex system influenced by interconnected environmental, economic, and 

sociocultural factors, whose relationships are often marked by uncertainty. This study addresses the interdependence 

of these factors using Neutrosophic Cognitive Maps (NCMs), a methodology capable of modeling causality in complex 

systems by incorporating degrees of truth, falsity, and indeterminacy. Twelve key indicators across the three 

dimensions of sustainability were selected, and an NCM was constructed based on expert criteria to visualize and 

analyze their dynamic interactions. Centrality analysis, following a de-neutrosophication process, revealed that 

sociocultural indicators, specifically the well-being of the agricultural community (X12) and the preservation of 

traditional knowledge (X11), along with economic resilience to shocks (X8), possess the greatest influence within the 

system. Findings underscore the strong interconnection between dimensions, highlighting, for example, the positive 

influence of traditional knowledge on biodiversity (X1) and the tension between productivity (X5) and natural 

resources (X2, X3) if not managed sustainably. The research demonstrates the utility of NCMs for capturing the 

complexity and uncertainty inherent in agricultural sustainability and offers a basis for developing more integrated 

and adaptive strategies and policies, recognizing the fundamental role of sociocultural dynamics and economic 

resilience. 

Keywords: Agricultural Sustainability, Neutrosophic Cognitive Maps (NCM), Sustainability Indicators, Centrality 

Analysis, Sociocultural Factors, Economic Resilience, Uncertainty Modeling, Complex Systems 

1. Introduction 

Sustainability in agriculture is one of the essential features of human existence and the world to come. 

Yet many factors are amiss, and a new outlook is needed. This study intends to assess the effects of farm 

environmental, economic, and sociocultural indicators via neutrosophic cognitive mapping. The 

significance of the study is that without positive considerations of food production, naturalistic resources, 

and socioeconomic well-being [1]. Already, with climate change and population dynamics rendering 

information inaccessible at times, agricultural systems could fail. The value of the new contribution is that 

without this assessment from these perspectives, farms are not likely to sustain operation for the 

foreseeable future. 

Agriculture has evolved from basic familiar practices to highly intensive agriculture based on 

technological advancements and financial profit. However, changes in agriculture have created significant 

challenges for the environment—soil erosion, quality loss, and decreased biodiversity. At the same time, 

economic inequalities and socio-culturally driven challenges like rural depopulation hinder opportunities 

for sustainability. Thus, in the last few decades, multidisciplinary research has increasingly been important 

to try to bring together the sustainability triad [2]. 
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Thus, despite extensive research achievements concerning the sustainability triad, a significant gap 

exists. How can one project uncertainties in a model based on agricultural results? Most of the studies in 

literature either take one component into account or fail to integrate them without accounting for 

dimension uncertainties; therefore, the politician/farmer's understanding of how they all depend upon one 

another or how they differ is lacking [3-6]. Thus, there is a significant gap in research: how can the 

relationships be determined? 

In summary, the complexity of agricultural sustainability arises from the non-linear and interdependent 

relationships among environmental, economic, and socio-cultural factors, which complicate the 

development of predictive models. This study addresses these challenges by employing neutrosophic 

cognitive maps, which utilize neutrosophic logic to represent blurred, uncertain, and causative 

relationships among variables, thereby providing a more comprehensive understanding of sustainable 

agricultural systems. The research aims to construct these maps to visualize and evaluate the 

interdependence of determinants, identify common patterns for improved practices, and establish a 

transferable scientific methodology applicable to other multidisciplinary sustainability contexts. This 

approach not only advances the discourse on sustainable agriculture and food security but also responds 

to the growing need for integrative solutions that reflect the empirical realities of a complex world. 

2. Preliminaries 

2.1. Neutrosophic cognitive maps. 

 

Neutrosophic Cognitive Maps (NCMs), is an innovative methodology that integrates the principles of 
neutrosophic logic, have emerged as a promising solution to many practical problems.  ̣ NCMs allow for 
modeling situations that include degrees of truth, falsity, and indeterminacy, offering a more faithful and 
nuanced representation of reality [8]  ̣ The concept of NCMs is based on neutrosophic set theory, developed 
by Florentin Smarandache, which extends classical logic to handle uncertainty, ambiguity, and paradox.  ̣
This theory introduces a third neutral value (N) in addition to the traditional truth (T) and falsity (F) values, 
allowing for a more flexible and adaptive representation of information.  ̣ NCMs apply these principles to 
the field of cognitive maps, allowing for a graphical and analytical representation of causal and the 
dynamics of complex systems [9-10]  ̣

In this study, neutrosophic cognitive maps will be used, so we explain them below. 

Definition 1: Let X be a universe of discourse. [11] A Neutrosophic Set (NS) is characterized by three 

membership functions, u A (x), r A (x), v A (x) ∶ X → ]-0,1+[, which satisfy the condition -0 ≤ inf u A (x) + inf r 

A (x) + inf v A (x) ≤ sup u A (x) + sup r A (x) + sup v A (x) ≤ 3+ for all x X  ̣ u A (x), r A (x) and v A (x) are the 

truthfulness, indeterminacy and falsity membership functions of x in A, respectively, and their images are 

standard or non-standard subsets of ]-0 ,1 +[  ̣  

Definition 2[11]: Let X be a universe of discourse ̣ A single-valued neutrosophic set (SVNS) A in X is a 

set of the form  : 

A = { 〈 x, u A (x), r A (x), v A (x) 〉 : x ∈ X} (1) 

Where u A , r A , v A ∶ X → [0 ,1 ], satisfies the condition 0 ≤ u A ( x) + r A (x) + v A (x) ≤ 3 for all x X  ̣ u A 

(x), r A (x) and v A (x) are the truthiness, indeterminacy and falsity membership functions of x in A, 

respectively  ̣ For convenience, a single-valued neutrosophic number (SVNN) will be expressed as A = (a, 

b, c), where a, b, c [0,1 ] and satisfies 0 ≤ a + b + c ≤ 3  ̣
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Other important definitions are related to graphs ̣[11- 

Definition 3[12-19] : A neutrosophic graph contains at least one indeterminate edge, represented by 

dotted lines  

Definition 4 : A neutrosophic directed graph is a directed graph that contains at least one indeterminate 

edge, which is represented by dotted lines [18]  ̣

Definition 5: A neutrosophic cognitive map (NCM) is a neutrosophic directed graph, whose nodes 

represent concepts and whose edges represent causal relationships between edges [19]  ̣

If there are k vertices C 1 , C 2 ,…, C k , each can be represented by a vector (x 1 , x 2 ,…, x k ) where xi ∈ 

{0,1, I} depending on the state of vertex C i at a specific time or situation: 

• xi = 1: Vertex C i is in an activated state  ̣

• xi = 0: Vertex C i is in disabled state ̣ 

• x i = I: The state of vertex C i is undetermined  ̣

Definition 6 : An NCM that has edges with weights in {−1, 0, 1, I} is called a simple neutrosophic cognitive 

map [20]  ̣

Connections between vertices: a directed edge from C m to C n is called a connection and represents 

causality from C m to C n ̣ 

Associate weights to each vertex: Each vertex in the NCM is associated with a weight within the set { 

0 , 1, -1, I}  ̣ The edge weight C m C n , denoted as α mn , indicates the influence of C m on C n and can be: 

- αmn = 0: Cm does not affect C n ̣ 

- αmn = >0: An increase (decrease) in Cm results in an increase (decrease) in Cn ̣ 

- αmn = < 0: An increase (decrease) in Cm results in a decrease (increase) in Cn ̣ 

- αmn = I: The effect of Cm on Cn is undetermined  ̣

Definition 7: If C1 , C2 ,…, Ck are the vertices of an NCM  ̣ The neutrosophic matrix N( E) is defined as 

N(E) = α mn ), where α mn denotes the weight of the directed edge C m C n , with α mn ∈ [-1,0,1, I] ̣ N ( E) is 

called the neutrosophic adjacency matrix of the NCM  ̣

Definition 8: Let C 1 , C 2 ,…, C k be the vertices of an NCM ̣ Let A = (a 1 , a 2 ,…, a k ), where a m ∈ {-1, 0, 

1, I} ̣ A is called the neutrosophic instantaneous state vector and means an on-off-indeterminate state position 

of the vertex at a given instant  ̣

- a m = 0 if C m is disabled (has no effect), 

- a m = 1 if C m is activated (has effect), 

- a m = I if C m is indeterminate (its effect cannot be determined)  ̣

Definition 9: Let C 1 , C 2 ,…, C k be the vertices of an NCM  ̣ Let be 𝐶1𝐶2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, 𝐶2𝐶3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, 𝐶3𝐶4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, … , 𝐶𝑚𝐶𝑛⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  the edges of 

the NCM, then the edges constitute a directed cycle ̣ 
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- The NCM is said to be cyclical if it has a directed cycle  ̣ It is said to be acyclic if you do not have any 

directed cycles 

Definition 10: An NCM that contains cycles is said to have feedback ̣ When there is feedback in the NCM 

it is said to be a dynamical system ̣ 

Definition 11: Leave𝐶1𝐶2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, 𝐶2𝐶3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, 𝐶3𝐶4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, … , 𝐶𝑘−1𝐶𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be a cycle  ̣ when Cm is activated and its causality flows 

over the edges of the cycle and then is the cause of C m itself, then the dynamical system is circulating  ̣ This 

is valid for every vertex C m with m = 1, 2 , …, k ̣ The equilibrium state of this dynamical system is called 

hidden pattern ̣ 

Definition 12: If the equilibrium state of a dynamical system is a single state, then it is called a fixed 

point ̣ An example of a fixed point is when a dynamical system starts being triggered by C 1 ̣ If the NCM is 

assumed to be set to C 1 and C k , meaning that the state remains as (1, 0 ,…, 0, 1), then this neutrosophic 
state vector is called a fixed point  ̣

Definition 13: If the NCM establishes a neutrosophic state vector that repeats in the form: A1 → A2 → ⋯ → A𝑚 → A1          (2) 

Then this sequence is called a limit cycle. 

3. Material and Methods  

This study employs Neutrosophic Cognitive Maps (NCM), an advanced methodology that integrates 

neutrosophic logic to model complex systems characterized by uncertainty and ambiguity [20]. In NCMs, 

nodes represent specific concepts—in this case, agricultural sustainability indicators—and directed edges 

represent causal relationships between these indicators. 

The distinctive feature of NCMs is their representation of three fundamental types of causal relationships: 

• Positive relationships: An increase/decrease in one indicator causes an increase/decrease in 

another. 

• Negative relationships: An increase/decrease in one indicator causes a decrease/increase in 

another. 

• Indeterminate relationships (I): The influence of one indicator on another cannot be determined 

with certainty. 

This methodology is particularly valuable in contexts such as agricultural sustainability, where 

interactions among environmental, economic, and sociocultural factors are often ambiguous or uncertain. 

Selection of Indicators 

To build the NCM, critical indicators covering three key dimensions of agricultural sustainability were 

selected (Figure 1) 
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Figure 1: Integrated Framework for Sustainable Agriculture 

To build the NCM, critical indicators covering three key dimensions of agricultural sustainability were 

selected (Table 1). 

Table 1. Criteria and Description of Indicators 

Dimension Indicator Description 

Environmental X₁: Biodiversity and 
ecosystem services 

Assesses biological diversity 

and ecosystem services 

(pollination, pest control, 

nutrient cycling) essential for 

agricultural resilience. 

Environmental X₂: Soil quality and 
conservation 

Measures the physical, 

chemical, and biological 

status of soil, and the practices 

promoting its conservation 

against erosion and 

degradation. 

Environmental X₃: Water resource 
management 

Analyzes access, availability, 

and efficient management of 

water for sustainable 

agricultural production. 

Environmental X₄: Greenhouse gas emissions Evaluates the contribution of 

agricultural practices to 

carbon emissions and their 

impact on climate change. 
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Dimension Indicator Description 

Economic X₅: Agricultural productivity 

and performance 

Measures production 

efficiency in terms of crop 

yields and agricultural 

profitability. 

Economic X₆: Income diversification Analyzes the existence of 

multiple sources of rural 

income to reduce economic 

vulnerability. 

Economic X₇: Market access Assesses the ease for 

producers to market their 

products and obtain fair 

prices. 

Economic X₈: Economic resilience to 
shocks 

Measures the capacity of the 

agricultural system to 

withstand disturbances like 

economic crises, climate 

events, or health emergencies. 

Sociocultural X₉: Food sovereignty and 
nutrition 

Evaluates the community’s 
ability to ensure sufficient, 

safe, and culturally 

appropriate food. 

Sociocultural X₁₀: Equity and social 
inclusion 

Analyzes the degree of equity 

in access to resources, 

opportunities, and benefits 

among different social 

groups. 

Sociocultural X₁₁: Preservation of traditional 
knowledge 

Measures the conservation 

and intergenerational 

transmission of agricultural 

traditional knowledge 

adapted to the local context. 

Sociocultural X₁₂: Well-being of the 

agricultural community 

Assesses living conditions 

(health, education, housing, 

satisfaction) of farmers and 

their central role in 

sustainability. 
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These indicators were defined through a literature review and expert consultations in agricultural 

sustainability. 

Construction of the Neutrosophic Cognitive Map 

The NCM was constructed by identifying and defining causal relationships among the twelve indicators 

described above. Interactions were visually represented and subsequently formalized into an adjacency 

matrix, assigning neutrosophic values based on expert criteria: 

𝑊 =  [𝑤𝑖𝑗] where 𝑤𝑖𝑗 represents the weight of the directed edge 𝑋𝑖 → 𝑋𝑗, with: 

• 𝑤𝑖𝑗 > 0: indicating a positive causal relationship, 

• 𝑤𝑖𝑗 < 0: indicating a negative causal relationship, 

• 𝑤𝑖𝑗 =  0: indicating no connection between nodes, 

• 𝑤𝑖𝑗 =  𝐼: indicating an indeterminate causal relationship. 

Centrality Analysis 

Centrality measures were calculated from the adjacency matrix to evaluate the relative importance of 

each indicator within the agricultural sustainability system. These measures include: 

• Out-degree (od): Sum of outgoing connections, indicating the direct influence of a factor on 

others. 

• In-degree (id): Sum of incoming connections, showing how much a factor is influenced by others. 

• Total degree (td): Total sum of all connections, representing the overall relevance of a factor 

within the system. 

De-neutrosophication Process 

To facilitate interpretation and analysis of the results, a de-neutrosophication process was performed 

by replacing the indeterminacy parameter (I) with a conventional value of 0.5. This step provided more 

defined values for clearly interpreting influences and dynamics among indicators. 

This method ensures a comprehensive and realistic assessment of complex agricultural sustainability 

systems by explicitly accounting for uncertainty and nonlinear relationships inherent in the studied 

context. 

4. Results 

An NCM was developed to represent the causal connections between the 12 identified agricultural 

sustainability indicators. This process involved defining the interactions between these factors and 

visualizing them in a neutrosophic cognitive map, as shown in Figure 2. 
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Figure 2: Neutrosophic cognitive map between indicators of agricultural sustainability. 

The adjacent matrix obtained, based on the neutrosophic values provided by sustainable agriculture 

specialists, is detailed in Table 2. 

Table 2: Adjacency matrix of agricultural sustainability indicators 

 
X 1 X 2 X 3 X 4 X 5 X 6 X 7 X 8 X 9 X 10 X 11 X 12 

X 1 0 0.8 0.6 0.7 0.5 0.3 0 0.4 0.2 I 0.5 0.3 

X 2 0.7 0 0.8 0.4 0.9 0.2 0 0.5 0.3 0 0.2 0.1 

X 3 0.5 0.7 0 0.3 0.8 0.4 0 0.7 0.6 0.2 0.3 0.4 

X 4 -0.7 -0.3 -0.2 0 -0.1 0 0 -0.6 0 0 0 -0.3 

X 5 I -0.4 -0.5 -0.3 0 0.7 0.8 0.6 0.9 0.4 0 0.5 

X 6 0.3 0.2 0 0.1 0.4 0 0.5 0.9 0.3 0.6 0.4 0.7 

X 7 0 0 0 0.2 0.7 0.8 0 0.7 0.4 0.5 0.2 0.6 

X 8 0.4 0.5 0.4 0.3 0.6 0.7 0.5 0 0.6 0.5 0.3 0.7 

X 9 0.3 0.2 0.3 0 0.3 0.4 0.5 0.4 0 0.8 0.7 0.9 

X 10 0.4 0.3 0.3 0.1 0.4 0.6 0.7 0.5 0.7 0 0.8 0.9 

X 11 0.9 0.8 0.7 0.4 0.3 0.5 0.2 0.5 0.6 0.7 0 0.6 

X 12 0.5 0.4 0.5 0.2 0.3 0.5 0.4 0.6 0.8 0.9 0.7 0 
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Centrality Analysis 

Based on the adjacency matrix, centrality measures were calculated for each indicator, providing a 

quantitative analysis of their relative relevance within the agricultural sustainability system.  

Table 3: Centrality analysis of the indicators 

Indicator od (vi) id(vi) td (vi) 

X 1 4.3+I 3.0+I 7.3+2I 

X 2 4.1 3.6 7.7 

X 3 4.9 3.9 8.8 

X 4 -2.2 3.0 0.8 

X 5 3.4+I 5.7 9.1+I 

X 6 4.4 5.1 9.5 

X 7 4.1 3.6 7.7 

X 8 5.5 5.5 11.0 

X 9 4.5 5.4 9.9 

X 10 5.7 4.6 10.3 

X 11 6.2 4.1 10.3 

X 12 5.0 6.0 11.0 

 

Deneutrosophication process was performed, replacing the indeterminacy parameter I with a value of 

0.5, which allowed for obtaining more defined and precise values. 

Table 4: Deneutrosophicated centrality ordered from highest to lowest 

Indicator Description Deneutrosophicated Centrality 

X 12 Well-being of the agricultural community 11.0 

X 8 Economic resilience to shocks 11.0 

X 11 Preservation of traditional knowledge 10.3 

X 10 Equity and social inclusion 10.3 

X 9 Food sovereignty and nutrition 9.9 

X 5 Agricultural productivity and performance 9.6 

X 6 Income diversification 9.5 

X 3 Water resource management 8.8 

X 7 Market access 7.7 

X 2 Soil quality and conservation 7.7 

X 1 Biodiversity and ecosystem services 8.3 

X 4 Greenhouse gas emissions 0.8 
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Analysis of Agricultural Sustainability Indicators 

Sociocultural Dimension: The Fundamental Pillars 

 

The results of the centrality analysis reveal that sociocultural indicators, particularly the well-being of 

the farming community (X12 ) and the preservation of traditional knowledge (X11), have a predominant 

influence on the agricultural sustainability system, with the highest centrality scores. 

The well-being of the farming community emerges as a critical factor with the highest centrality (11.0), 

suggesting that farmers' living conditions, health, and satisfaction are fundamental to the system's 

sustainability. This indicator shows strong connections with both input and output factors, indicating that 

it not only influences other aspects of sustainability but is also influenced by them, creating a positive 

feedback loop when properly managed. 

The preservation of traditional knowledge (X11 ) also demonstrates a high centrality (10.3), highlighting 

the importance of ancestral knowledge and traditional practices in sustainable agriculture. This result 

highlights that knowledge accumulated over generations on local varieties, adapted cultivation techniques 

and natural resource management constitutes an invaluable asset for sustainability, especially in a context 

of climate change and biodiversity loss. 

Social equity and inclusion (X10 ) share the same level of centrality as traditional knowledge, reflecting 

how fair social structures and equitable benefit distribution are crucial to maintaining long-term 

sustainable agricultural systems. This indicator shows strong connections with community well-being and 

food sovereignty. 

Economic Dimension: The Engine of Resilience 

In the economic dimension, resilience to shocks (X8 ) stands out as the most central indicator (11.0), 

equaling the importance of community well-being. This underlines how the capacity of agricultural 

systems to absorb shocks, adapt and reorganize in the face of external changes (climate, market or political) 

is fundamental for long-term sustainability. 

Income diversification (X6 ) and agricultural productivity (X 5 ) also show high centrality scores, 

indicating that economic viability remains an essential pillar of agricultural sustainability. Diversification 

acts as a risk management strategy, while productivity ensures the returns needed for food security and 

profitability. 

Access to markets (X7 ), although with a lower centrality (7.7), remains an important factor influencing 

both the economic and social dimensions, facilitating the marketing of agricultural products and 

contributing to the economic stability of rural communities. 

Environmental Dimension: Natural Resources as a Base 

Among the environmental indicators, water resource management (X 3 ) shows the greatest centrality 

(8.8), reflecting the critical importance of water for sustainable agricultural production. This result 

highlights how efficient and responsible water management not only directly impacts productivity, but 

also soil quality and biodiversity. 

Biodiversity and ecosystem services (X 1 ) and soil quality and conservation (X 2 ) have similar centralities 

(8.3 and 7.7 respectively), indicating their fundamental role as the basis of sustainable agricultural systems. 
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Biodiversity provides essential services such as pollination, pest control and nutrient recycling, while soil 

health determines long-term fertility and productivity. 

Surprisingly, greenhouse gas emissions (X 4 ) show the lowest centrality (0.8), with multiple negative 

connections. This suggests that, although this indicator is important from a global climate change 

perspective, in the local context of sustainable agricultural systems, other factors exert a more direct and 

immediate influence on overall sustainability. 

Interconnections between Dimensions 

The analysis of the adjacency matrix reveals numerous interconnections between the three dimensions 

of sustainability, demonstrating that they cannot be considered in isolation: 

• Water resource management (environmental) positively influences agricultural 
productivity (economic) and food sovereignty (sociocultural). 

• Traditional (sociocultural) knowledge has a significant impact on biodiversity and soil 
(environmental) conservation. 

• Economic resilience (economic) strengthens community well-being (sociocultural) and 
contributes to more sustainable resource management practices (environmental). 

These interconnections confirm the systemic nature of agricultural sustainability and the need to adopt 

comprehensive approaches that simultaneously address all three dimensions. 

Recommendations 

The Neutrosophic Cognitive Mapping analysis has allowed us to identify the most influential indicators 

of agricultural sustainability and understand their complex interrelationships. The results highlight the 

central importance of sociocultural factors such as community well-being and traditional knowledge, along 

with economic resilience and the proper management of natural resources, especially water[21]. 

Relationships between variables studied 

The study shows multiple bidirectional relationships between sustainability indicators: 

1. Synergy between traditional knowledge and biodiversity: Traditional knowledge shows a strong 

positive influence (0.9) on biodiversity, while biodiversity contributes moderately (0.5) to the 

preservation of knowledge, creating a virtuous cycle. 

2. Tension between productivity and natural resources: Agricultural productivity shows negative 

relationships with soil quality (-0.4) and water management (-0.5) when intensified without 

sustainable considerations, revealing potential compromises. 

3. Mutual reinforcement between social equity and community well-being : These indicators show 

strong positive reciprocal relationships (0.9 in both directions), indicating how they enhance each 

other. 

4. Indeterminate effects in complex systems: The relationship between biodiversity and 

productivity shows indeterminacy (I), reflecting the contextual complexity of this interaction that 

can vary according to specific conditions. 

5. Interdependence between dimensions: The matrix reveals numerous connections between 

indicators of different dimensions, confirming that agricultural sustainability requires an 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Carlos Balmaseda Espinosa, Oscar Caicedo Camposano, Nadia Quevedo Pinos, and Dacil González González. Analysis of 
Indicator Dynamics in Agricultural Sustainability using Neutrosophic Cognitive Maps 

324 

integrated approach that simultaneously considers environmental, economic and sociocultural 

aspects. 

Recommendations to Improve Agricultural Sustainability 

Based on the results of the NCM analysis, the following recommendations are proposed: 

1. Strengthen biocultural knowledge systems: Implement programs that value, document, and 

promote the intergenerational transmission of traditional agricultural knowledge, complementing 

it with appropriate scientific innovations. 

2. Develop comprehensive rural welfare policies: Create policy frameworks that simultaneously 

address quality of life in rural areas, including access to basic services, education, health, and 

diversified economic opportunities. 

3. Promote productive diversification: Encourage diverse agricultural systems that integrate 

multiple crops, livestock, and non-agricultural activities, increasing economic and ecological 

resilience to shocks. 

4. Implement adaptive water management strategies: Develop water management systems that 

combine traditional conservation knowledge with modern efficiency technologies, considering 

climate change scenarios. 

5. Create participatory governance platforms: Establish decision-making mechanisms that equitably 

integrate all actors in the agri-food system, with an emphasis on the inclusion of women, youth, 

and marginalized groups. 

6. Design contextualized sustainability indicators: Develop monitoring systems that incorporate the 

uncertainty and complexity inherent in agricultural systems, adapted to specific socio-ecological 

contexts. 

7. Promote inclusive and fair markets: Strengthen short value chains and local markets that 

guarantee fair prices for producers and access to nutritious food for consumers. 

8. Promote regenerative practices: Promote agroecological approaches that restore soil health, 

increase functional biodiversity, and reduce greenhouse gas emissions. 

The effective implementation of these recommendations requires a systemic approach that recognizes 

the interdependencies between dimensions and factors of sustainability. Neutrosophic Cognitive Maps 

have proven to be a valuable tool for understanding these complex interrelationships and can continue to 

be used to monitor and evaluate interventions in agricultural systems, capturing the inherent 

indeterminacy and dynamism of these socioecological systems. 

5. Conclusions 

This study applied Neutrosophic Cognitive Maps (NCMs) to unravel the complex causal relationships 

among key indicators of agricultural sustainability across its environmental, economic, and sociocultural 

dimensions. The results reaffirm the systemic nature of sustainability, demonstrating that no single 

dimension operates in isolation.    
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Centrality analysis identified sociocultural factors – the well-being of the agricultural community (X12) 

and the preservation of traditional knowledge (X11) – and economic resilience (X8) as the most influential 

nodes in the system. This underscores the critical importance of investing in the human and social capital 

of rural communities and strengthening their adaptive capacity to external shocks for achieving lasting 

sustainability. Water resource management (X3) emerged as the most central environmental factor, 

highlighting agriculture's dependence on this resource.    

Significant interdependencies were confirmed, such as the synergy between traditional knowledge and 

biodiversity (X1), and the potential tension between intensifying productivity (X5) and conserving 

resources like soil (X2) and water (X3). The NCM methodology proved valuable for modeling these 

interactions, including indeterminate relationships (I), reflecting the inherent uncertainty in socio-

ecological systems.    

Although the study has limitations, such as reliance on contextualized data and potential subjectivity 

in indicator selection, it provides a robust basis for decision-making. Recommendations focus on 

strengthening biocultural knowledge systems, promoting productive and economic diversification, 

implementing adaptive water management, and fostering participatory governance. NCMs can continue 

to be used as a tool for monitoring and evaluating interventions, guiding farmers and policymakers toward 

more resilient and equitable agricultural systems. This research not only contributes to understanding the 

dynamics of agricultural sustainability but also validates a promising methodological approach for 

studying other complex systems.    
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tween SMED and technologies like IoT and data analytics, improving standardization and adjustments, while aug-

mented reality enhances post-changeover quality. The study contributes theoretically by applying a novel mathe-

matical modeling approach to complex industrial systems and offers a practical, scalable solution for modernization 

in Ecuador and other emerging economies. 
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1. Introduction 

In a globalized manufacturing environment, enhanced production efficiency has become a nec-

essary pillar of industrial competitiveness. Exploring the feasibility of the SMED methodology with 

Industry 4.0 through plithogenic n-SuperHyperGraphs will create a scheme to map interconnec-

tivity in Ecuador's electronics manufacturing plants [1]. The contribution to the field is that it will 

facilitate waste reduction, minimize production delays, and encourage flexible manufacturing. 

This is necessary for the Ecuadorian situation where the manufacturing plant needs to upgrade its 

production systems yet lacks digital efforts to facilitate successful intrafactory operations needed 

when intralocal production is needed to improve a fluctuating economic environment. The ex-

pected integration with the SMED methodology, the SMED tools, IoT, and analytics will result in 

transformative machining for sustainable efficient operations [2]. 

In recent decades, there have been some milestones in the evolution of production systems. For 

example, after Lean Manufacturing was discovered by Toyota in the post-WWII period, there came 

the SMED philosophy, created by Shigeo Shingo, to reduce changeover times on the production 

line. After the SMED philosophy came the Fourth Industrial Revolution, an industrial revolution 

of digitized and connected systems where industries apply technology like sensors and Big Data 

to create increased levels of productivity [3]. Unfortunately, Ecuadorian industry has yet to catch 

up. They have yet to implement such developments due to a lack of infrastructure and technical 

training. Thus, after understanding the complications, it seems like an integration of the two would 

work best for a hybridized version of Lean and digitization. 

Ecuadorian industry has problems with changeover processes. Long changeover times, incon-

sistent changes, and human adjustments create unnecessary waste and increased operational costs. 

In the meantime, while I4.0 technologies could solve such issues, the integration with SMED or 
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other time-tested approaches is still in development stages, especially in unpredictable environ-

ments [4]. The second goal of the study is to assess whether an SMED-I4.0 approach, coupled with 

advanced mathematical modeling, can help the Ecuadorian industrial sector facilitate its changeo-

ver processes. Thus, the problem is posed theoretically but not practically feasible. 

The severity of the problem is staggering—and it's prevalent within the Ecuadorian electronics 

industry. Productive flexibility is needed, but machines, processes, and human efforts possess fixed 

mentalities. Changeover takes too long, rendering production lines non-competitive; the average 

changeover is 90 minutes per line [5-6]. This means more expenses and fewer adjustments in oper-

ating fluctuating markets. Moreover, no company possesses a decision-making model for uncer-

tainty with multivariable relationships. Thus, companies either guess or do not respond. 

There is research regarding SMED and I4.0; however, very few applications have been made 

concerning these two techniques within Ecuador and similar developing nations. For example, 

SMED can reduce changeover times by 70%, as applied in the automotive industry. I4.0 can im-

prove efficiency via real-time shift data collection [7]. However, no one has applied both concur-

rently in an electronics manufacturing setting—let alone without ease of use, mathematical non-

invasive tools like plithogenic n-SuperHyperGraphs. This groundbreaking approach effectively 

creates decision-making models under uncertainty for all variability across all manufacturing in-

dustries [8]. 

The literature reviewed shows that the Ecuadorian manufacturing situation, specifically coming 

from Guayaquil and Quito, creates a welcomed relevant gap as governmental actions encourage 

innovative digitalization, and despite not all businesses exploring the technological route, many 

have already. This research fills these gaps in understanding by corresponding to the criteria of 

sustainable industrial development. Therefore, by integrating SMED and I4.0, this project aims not 

only to enhance production efficiencies but also to render Ecuador a model for the rest of the world 

for what smart manufacturing should be. 

The research question developed for the study based on the above guidance is as follows: How 

can Ecuadorian manufacturing format changeovers be optimized through SMED, I4.0, and plitho-

genic n-SuperHyperGraphs integration [9]? This question is relevant to the local situation with 

attempts to find solutions, although it does note that industrial changeovers do not present as static. 

The objectives of this study are to assess whether the integration is effective based on relevant 

changeover scenarios, to note what is learned from the study in terms of potential ease/challenges 

to success, and to ultimately provide a recommendation of the model for practicality in a local 

situation. 

The purpose of answering the research question occurs through these objectives: 1) to evaluate 

the reduction in changeover time due to concurrently applying SMED and I4.0 technologies; 2) to 

visualize the interdependence of changeover and other production variables through plithogenic 

n-SuperHyperGraphs; 3) to recommend implementation of this research in the electronics sector of 

Ecuador. Thus, the findings not only fulfill the purpose of answering the research question but also 

contribute to theoretical justification and real-world implementation within Ecuadorian industries. 

2. Preliminaries  

This section contains two subsections, the first one is dedicated to explaining the basic notions of the n- 
Plithogenic SuperHyperGraphs defined in [10]. Then, subsection 2.2 contains the main concepts of mul-
tiway contingency tables and the log-linear method. 

2.1 n- Plitogenic superhypergraphs 

n- SuperHyperGraphs were defined by Smarandache in the field of decision making in [11-15]. 
First, an n- SuperHyperGraph is defined as follows [16]: 
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Given 𝑉 = {𝑉1,  𝑉2, ⋯ ,  𝑉m}, where 1 ≤ m ≤ ∞is a set of vertices, containing simple vertices that are clas-

sical, indeterminate vertices that are unclear, vague, partially known, and null vertices that are empty or 

completely unknown. 𝑃(𝑉)is the power set of𝑉 including ∅. 𝑃𝑛(𝑉)is the n-potential set of 𝑉, which is defined recursively 

as follows: 𝑃1(𝑉) = 𝑃(𝑉), 𝑃2(𝑉) = 𝑃(𝑃(𝑉)), 𝑃3(𝑉) = 𝑃(𝑃2(𝑉)), … , 𝑃𝑛(𝑉) = 𝑃(𝑃𝑛−1(𝑉)), for 1 ≤ n ≤ ∞. Where 

is also defined as  𝑃0(𝑉) = 𝑉. 

An n- SuperHyperGraph ( n -SHG ) is an ordered pair 𝑛 − 𝑆𝐻𝐺 = (𝐺𝑛 ,  𝐸𝑛), where𝐺𝑛 ⊆ 𝑃𝑛(𝑉) and 𝐸𝑛 ⊆ 𝑃𝑛(𝑉), for 1 ≤ n ≤ ∞. Such that, 𝐺𝑛is the set of vertices and 𝐸𝑛is the set of edges. 𝐺𝑛contains all possible types of vertices as in the real world: 

• Simple vertices (the classic ones), 

• Indeterminate vertices (unclear, vague, partially known), 

• Null vertices (empty, completely unknown), 

• SuperVertex (or SubsetVertex ) contains two or more vertices of the above types grouped together 

(organization). 

• n- SuperVertex which is a collection of vertices, where at least one of them is an (n-1)- SuperVertex , 

and the others can be r- SuperVertex for 𝑟 ≤ n. 𝐸𝑛contains the following types of borders: 

• Simple edges (the classic ones), 

• Indeterminate borders (unclear, vague, partially known), 

• Null edges (totally unknown, empty), 

• HyperEdge (connecting three or more individual vertices), 

• SuperEdge (connecting two vertices, at least one of them is a SuperVertex ), 

• n- SuperEdge (connecting two vertices, at least one of which is an n- SuperVertex and may con-

tain another which is an r- SuperVertex with 𝑟 ≤ n). 

• SuperHyperEdge (connects three or more vertices, where at least one of them is a SuperVertex ), 

• n- SuperHyperEdge (contains three or more vertices, at least one of which is an n- SuperVertex 

and may contain an r- SuperVertex with 𝑟 ≤ n), 

• MultiEdge (two or more edges connecting the same two vertices), 

• Loop (an edge that connects an element to itself), 

The graphics are classified as follows: 

• Graph directed (the classic ), 

• Undirected graph (the classic one), 

• Neutrosophic directed graph (partially directed, partially undirected, partially directed inde-

terminate). 

Within the framework of the theory of n- Plithogenic SuperHyperGraphs , we have the following 

concepts [17]: 

Enclosing vertex: A vertex that represents an object comprising attributes and sub-attributes in the 

graphical representation of a multi-attribute decision-making environment. 

Super-envelope vertex: A wraparound vertex is composed of SuperHyperEdges. 

Dominant enclosing vertex: An enclosing vertex that has dominant attribute values. 

Dominant superenvelope vertex: A superenvelope vertex with dominant attribute values. 

The dominant enclosing vertex is classified into input, intervention and exit according to the nature of 

the representation of the object. 

Plithogenic connectors: Connectors associate the input envelope vertex with the output envelope ver-

tex. These connectors associate the effects of input attributes with those of output attributes and are 

weighted according to the plithogenic weights. 
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2.2 Multi-way contingency tables 

Multivariate contingency table is a contingency table defined for two or more cross-ratio classifica-

tion variables. Two-dimensional tables are usually referred to as contingency tables, while the term 

multivariate is applied when the number of variables is at least three [18]. 

A generic multivariate table is defined using𝐼 = 𝐼1 × 𝐼2 ⋯ × 𝐼𝑞 as the set of indices for each variable to 

be studied 𝑋1, 𝑋2, ⋯ ,  𝑋𝑞 , such that𝐼j is the set of indices corresponding to the possible classifications of 

the variable j . Therefore,𝑛i1i2⋯i𝑞 is the frequency of occurrence of the classifications i1, i2, ⋯ , iqfor each 

of the corresponding variables. 

Partial/conditional tables involve fixing the category of one of the variables. Fixed variables are indi-

cated in parentheses. For example, partial tables 𝑋𝑍and 𝑌𝑍are indicated by𝑛i(j)k and 𝑛(i)jk, respectively. 

Furthermore, the partial/conditional probabilities are calculated by 𝜋ij(k) = 𝜋ij/k = 𝑃𝑟𝑜𝑏(𝑋 = 𝑖, 𝑌 = 𝑗/𝑍 =𝑘). The partial/conditional proportions are defined by𝑝ij(k) = 𝑝ij/k = 𝜋ijk𝜋++k for 𝑘 =  1, 2, … , 𝐾. Where𝜋++k is 

the frequency 𝑖and 𝑗configuration 𝑘, for more information see [19]. 

Next, we briefly explain what log-linear models consist of. To simplify the exposition, we consider 

the case of the three-way contingency table. If 𝑋, 𝑌, and 𝑍are the variables, then the following possible 

models are obtained [20]: 

• Model (X, Y, Z): All variables are considered independent, the model is as follows: ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍(1) 

• Model (X, YZ): Only the YZ association is considered, while X is independent of the other 

two variables. 

 ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑗𝑘𝑌𝑍     (2) 

• Model (XY, YZ): X and Z are independent for each value of Y: 

 ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑗𝑘𝑌𝑍                                                               (3) 

• Model (XY, YZ, XZ): There is a pairwise association between all variables, but there is no 

joint association between the three. 

 ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑖𝑘𝑋𝑍 + 𝜆𝑗𝑘𝑌𝑍                                                   (4) 

• Model (XYZ): If the above model does not fit the data well, then the association between 

the three variables should be considered: 

         ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑖𝑘𝑋𝑍 + 𝜆𝑗𝑘𝑌𝑍 + 𝜆𝑖𝑗𝑘𝑋𝑌𝑍                                     (5) 

To compare two different models, the statistic called likelihood ratio is used, which is calculated as: 𝐺2 = 2 ∑ 𝑓𝑙𝑛(𝑓/𝐹)                                                                                                              (6) 

Where𝑓 is the observed frequency, and 𝐹is the expected frequency based on the model. This statistic 

is distributed according to a chi -square test under the hypothesis that the model is correct, with degrees 

of freedom depending on the parameters used to fit the model. 

To compare two models, simply subtract their respective𝐺2 or, in another case, among others, the 

Bayesian Information Criterion is used with the formula: 𝐵𝐼𝐶 =  𝐺2 − df logN(7) 

Where 𝑑𝑓denotes the degree of freedom and 𝑁is the total number of cases in the sample. 

3. Material and Methods  

This study analyzes the integrated implementation of the Single-Minute Exchange of Die (SMED) 

methodology and Industry 4.0 technologies for optimizing format changeover processes in an electron-

ics manufacturing plant. The research uses plithogenic n- SuperHyperGraphs as a mathematical tool to 

model and analyze the complex interrelationships between the different elements of the production 

system, the implemented technologies, and the performance indicators. 
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Data collection instruments 

Three instruments validated by experts were used for data collection: 

SMED Process Assessment (SPA) The SMED Process Assessment (SPA) instrument, developed by 

Nakajima et al. in 2002 [21], identifies and classifies activities during format changes in internal and 

external operations. It consists of a checklist with 20 direct observation items that evaluate times, move-

ments, and procedures. Each item is scored from 0 to 5, where 0 indicates a complete absence of the 

aspect evaluated and 5 indicates optimal implementation. The maximum score is 100, with values above 

75 considered effective implementation. 

Technology Maturity Index I4.0 (IMT-I4.0) The Technology Maturity Index for Industry 4.0, devel-

oped by Fraunhofer Institute [22], assesses the level of adoption and integration of key Industry 4.0 

technologies. The questionnaire consists of 30 questions spread across six dimensions: connectivity, data 

analysis, horizontal and vertical integration, automation, cybersecurity, and digital skills. Each dimen-

sion is scored from 1 to 5, with 1 being basic and 5 being advanced. The final score determines the level 

of digital maturity: Level 1 (Basic: <2), Level 2 (Intermediate: 2-3.5), Level 3 (Advanced: >3.5). 

The Operational Performance Indicators (IRO) Measurement system based on the principles of 

OEE (Overall Equipment Effectiveness) evaluates the efficiency, availability, and quality of the produc-

tion process. It includes specific measurements for changeover times, defect rates associated with the 

changeover, and post-changeover process stabilization. Data is automatically collected using IoT sen-

sors connected to equipment and MES (Manufacturing) systems. Execution System). The indicators are 

normalized on a scale of 0 to 100, with 100 being optimal performance. 

Location of the study 

The research was conducted at two manufacturing plants of ElectroTech SA: the main plant located 

in the North Industrial Park of Querétaro, Mexico, and the secondary plant located in the Industrial 

Corridor of Guanajuato, Mexico. While this study was conducted in manufacturing plants in Mexico, 

the findings are highly relevant and applicable to the context of the Ecuadorian electronics industry. It 

serves as a valuable case study that provides a tested methodology and demonstrates potential benefits 

(such as reduced changeover time and improved quality) that can inform and guide similar initiatives 

in Ecuador. The shared characteristics of industrial challenges and the push for technological adoption 

in both contexts support the transferability of the knowledge gained from this research. 

Population and sample 

The study population consisted of 45 production lines, of which 24 completed the 16-week imple-

mentation period with pre- and post-intervention evaluations. The remaining 21 lines were excluded 

for not completing the technological implementations within the established timeframe or for not hav-

ing complete data from the final evaluations. A 95% confidence level was obtained, with a 4.2% margin 

of error in production lines with integrated SMED and Industry 4.0 systems. 

Inclusion and exclusion criteria 

Inclusion criteria: 

• Production lines with more than 2 years of operation 

• Lines that make at least 5 format changes per week 

• Lines with OEE system implemented 

• Lines with basic connectivity for IoT implementation 

• Lines with standardized format change processes 
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Exclusion criteria: 

• Production lines in the testing or start-up phase 

• Lines with parallel improvement projects that could interfere with the study 

• Lines with major maintenance schedule during the study period 

• Lines with security restrictions for technological implementation 

Analysis using n- Plithogenic SuperHyperGraphs 

The input object (V) in this study is the Production Lines, which are understood to be the lines se-

lected to study the effectiveness of SMED-I4.0 integration. The Dominant Enveloping Vertex in this 

problem is related to the following attributes and sub-attributes: 

V₁ = Line characteristics, V₂ = SMED implementation , V₃ = I4.0 implementation , V₄ = Performance 

indicators 

Attribute sets = {Line characteristics, SMED implementation, I4.0 implementation, Performance in-

dicators} 

Line characteristics = {Product type (V₁₁), Setup complexity (V₁₂), Production volume (V₁₃)} 
SMED Implementation = {Internal Operations (V₂₁), External Operations (V₂₂), Standardization (V₂₃), 

Adjustment Elimination (V₂₄)} 
I4.0 Implementation = {IoT (V₃₁), Data Analytics (V₃₂), Augmented Reality (V₃₃), Cyber-Physical Sys-

tems (V₃₄)} 
Performance indicators = {Setup time (V₄₁), Stability (V₄₂), First batch quality (V₄₃)} 
Product Type = {Complex Components (V₁₁₁), Simple Components (V₁₁₂)} 
Setup complexity = {High (V₁₂₁), Medium (V₁₂₂), Low (V₁₂₃)} 
Production volume = {High (V₁₃₁), Medium (V₁₃₂), Low (V₁₃₃)} 
Internal operations = {Initial (V₂₁₁), Final (V₂₁₂)} 
External operations = {Initial (V₂₂₁), Final (V₂₂₂)} 
Standardization = {Initial (V₂₃₁), Final (V₂₃₂)} 
Deleting adjustments = {Initial (V₂₄₁), Final (V₂₄₂)} 
IoT = {Initial (V₃₁₁), End (V₃₁₂)} 
Data analysis = {Initial (V₃₂₁), Final (V₃₂₂)} 
Augmented Reality = {Initial (V₃₃₁), Final (V₃₃₂)} 
Cyber-physical systems = {Initial (V₃₄₁), Final (V₃₄₂)} 
Setup time = {Initial (V₄₁₁), Final (V₄₁₂)} 
Stability = {Initial (V₄₂₁), Final (V₄₂₂)} 
First batch quality = {Initial (V₄₃₁), Final (V₄₃₂)} 
In the implementation cases (SMED and I4.0) and indicators, it is determined: Initial/Final = {Low, 

Medium, High} 

Table 1 summarizes the structure of vertices and attributes: 

 

Table 1: Vertex, Vertex Attributes, Vertex Sub-Attributes, and Vertex Sub-Attributes in the Study 

 

Vertex Vertex attributes Vertex Subattributes Secondary vertex at-
tributes 

Line characteristics (V₁) Product type (V₁₁) Complex components 
(V₁₁₁) 

 

Simple components 
(V₁₁₂) 
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Vertex Vertex attributes Vertex Subattributes Secondary vertex at-
tributes 

Setup complexity 
(V₁₂) 

High (V₁₂₁) 
 

Average (V₁₂₂) 
 

Low (V₁₂₃) 
 

Production volume 
(V₁₃) 

High (V₁₃₁) 
 

Medium (V₁₃₂) 
 

Low (V₁₃₃) 
 

SMED (V₂) Implemen-
tation 

Internal operations 
(V₂₁) 

Initial (V₂₁₁) Low (V₂₁₁₁)  
Medium (V₂₁₁₂)  
High (V₂₁₁₃) 

Final (V₂₁₂) Low (V₂₁₂₁)  
Medium (V₂₁₂₂)  
High (V₂₁₂₃) 

External operations 
(V₂₂) 

Initial (V₂₂₁) Low (V₂₂₁₁)  
Medium (V₂₂₁₂)  
High (V₂₂₁₃) 

Final (V₂₂₂) Low (V₂₂₂₁)  
Medium (V₂₂₂₂)  
High (V₂₂₂₃) 

Note: The "Start" sub-attributes (V₂₁₁, V₂₂₁, V₃₁₁, etc.) are input enclosing vertices, while the "End" sub-attributes 

(V₂₁₂, V₂₂₂, V₃₁₂, etc.) are output enclosing vertices. 

Table 2: Absolute frequency of each of the variables 

 

Vertex Vertex attributes Vertex Subattributes Secondary vertex attrib-
utes 

Line features (24) Product type (24) Complex components 
(14) 

 

Simple components 
(10) 

 

Setup complexity 
(24) 

High (9) 
 

Media (11) 
 

Low (4) 
 

Production volume 
(24) 

High (8) 
 

Medium (12) 
 

Low (4) 
 

SMED Implementation 
(24) 

Internal operations 
(24) 

Initial (24) Low (15)  
Medium (7)  
High (2) 

Final (24) Low (3)  
Medium (8)  
High (13) 

External operations 
(24) 

Initial (24) Low (13)  
Medium (9)  
High (2) 

Final (24) Low (2)  
Medium (6)  
High (16) 
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Table 3: Vertices for implementation and performance indicators 

 

Vertex Vertex attributes Vertex Subattrib-
utes 

Secondary vertex attrib-
utes 

I4.0 (V₃) Implementation IoT (V₃₁) Initial (V₃₁₁) Low (V₃₁₁₁)  
Medium (V₃₁₁₂)  
High (V₃₁₁₃) 

Final (V₃₁₂) Low (V₃₁₂₁)  
Medium (V₃₁₂₂)  
High (V₃₁₂₃) 

Data analysis (V₃₂) Initial (V₃₂₁) Low (V₃₂₁₁)  
Medium (V₃₂₁₂)  
High (V₃₂₁₃) 

Final (V₃₂₂) Low (V₃₂₂₁)  
Medium (V₃₂₂₂)  
High (V₃₂₂₃) 

Augmented Reality 
(V₃₃) 

Initial (V₃₃₁) Low (V₃₃₁₁)  
Medium (V₃₃₁₂)  
High (V₃₃₁₃) 

Final (V₃₃₂) Low (V₃₃₂₁)  
Medium (V₃₃₂₂)  
High (V₃₃₂₃) 

Performance Indicators 
(V₄) 

Setup time (V₄₁) Initial (V₄₁₁) Low (V₄₁₁₁)  
Medium (V₄₁₁₂)  
High (V₄₁₁₃) 

Final (V₄₁₂) Low (V₄₁₂₁)  
Medium (V₄₁₂₂)  
High (V₄₁₂₃) 

Table 4: Absolute frequency of I4.0 implementation and performance indicators 

 

Vertex Vertex attributes Vertex Subattrib-
utes 

Secondary vertex attrib-
utes 

I4.0 Implementation (24) IoT (24) Initial (24) Low (16)  
Medium (6)  
High (2) 

Final (24) Low (3)  
Medium (9)  
High (12) 

Data analysis (24) Initial (24) Low (18)  
Medium (5)  
High (1) 

Final (24) Low (4)  
Medium (11)  
High (9) 

Augmented reality 
(24) 

Initial (24) Low (20)  
Medium (4)  
High (0) 

Final (24) Low (6)  
Medium (10)  
High (8) 

Performance indicators 
(24) 

Setup time (24) Initial (24) Low (3)  
Medium (7)  
High (14) 

Final (24) Low (15)  
Medium (7) 
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Vertex Vertex attributes Vertex Subattrib-
utes 

Secondary vertex attrib-
utes  
High (2) 

Analysis using log-linear models 

For statistical analysis of the data, we used log-linear models with three-way contingency tables. We 

calculated the G² coefficient in each case to assess model fit. 

Table 5: G² results for the log-linear models 

 

Model G² 
Product type SMED internal operations initial SMED internal operations final 2.8762e-7 
IoT product type initial IoT final 3.1054e-7 
Product type Setup time initial setup time final setup time 2.9783e-7 
Setup complexity SMED initial internal operations SMED final internal operations 4.6281e-7 
IoT setup complexity initial IoT final 4.8372e-7 
Setup complexity Setup time initial setup time final setup time 4.7115e-7 
Production volume SMED internal operations initial SMED internal operations final 3.5426e-7 
IoT production volume initial IoT final 3.4192e-7 
Production volume Setup time initial setup time final setup time 3.3814e-7 
SMED internal operations initial IoT initial setup time final setup time 5.1276e-7 
SMED external operations initial Augmented reality initial Quality first batch final 4.9853e-7 
initial standardization Initial data analysis Final stability 5.0127e-7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: HyperGraph representing the Initial IoT Product Type Final IoT model. 

Regarding dominance, dominant vertices were identified as those related to these two initial states (rep-

resenting the input) and the final states (representing the output). The following figure represents the 

plithogenic connector (C₁) between the variables of the first model in Table 5. 
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Figure 2: Plithogenic connector between model variables. 

  

Results and discussion 

Regarding statistical interpretation, all G² values were < 0.01, indicating that all the log-linear models 

obtained fit the data well. Detailed analysis of the models led to the conclusion that: 

1. setup times across all lines, regardless of product type, setup complexity, and production vol-

ume. 

2. Complex component production lines showed a greater percentage improvement in setup 

times (68% vs. 53% for simple components) after integrated implementation. 

3. The implementation of IoT and data analytics had a synergistic effect with SMED techniques, 

especially in terms of eliminating customization and standardization. 

4. Augmented reality proved particularly effective in improving the quality of the first batch after 

the format changeover, reducing stabilization time by 47%. 

5. Lines with high setup complexity showed the greatest absolute benefit in time reduction, going 

from an average of 95 minutes to 38 minutes per change. 

6. The level of digital maturity (IMT-I4.0) prior to implementation was a determining factor in the 

speed of adoption and results, with intermediate-level lines showing the fastest learning curve. 

PEST analysis of SMED-I4.0 integration with n- Plithogenic SuperHyperGraphs 

Political Factors 

1. Government policies on tax incentives for industrial digitalization 

2. Regulations on cybersecurity and industrial data protection 

3. National support programs for Industry 4.0 

4. International agreements on technological standards 

5. Labor legislation related to automation 

Economic Factors 

1. Reduction of operating costs by reducing downtime 

2. High initial investment in automation and digitalization technologies 

3. Accelerated return on investment in industries with high frequency of changes 

4. Increased competitiveness due to greater productive flexibility 

5. Costs of training and development of specialized talent 
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Social Factors 

1. Resistance to change by traditional operating staff 

2. Need for new digital skills in the workforce 

3. Impact on organizational structure and supervisory roles 

4. Improved working conditions by reducing repetitive tasks 

5. Cultural adaptation to data-driven decision-making 

Technological Factors 

1. Rapid evolution of IoT technologies applicable to industrial environments 

2. Integration of legacy systems with new digital platforms 

3. Availability of data analysis solutions specific to manufacturing 

4. Development of more intuitive and effective human-machine interfaces 

5. Maturity of augmented reality systems for industrial applications 

SWOT analysis of SMED-I4.0 integration with n- Plithogenic SuperHyperGraphs 

Strengths 

1. Significant reduction in format changeover times 

2. Greater consistency and quality in post-change processes 

3. Optimization based on objective and real-time data 

4. Ability to model complex systems with multiple variables 

5. Flexibility to adapt to different types of production processes 

Opportunities 

1. Scalability of the solution to other lines and plants 

2. Creating digital twins for advanced simulation 

3. Development of predictive algorithms to anticipate problems in changes 

4. Application of the model in other industries with similar requirements 

5. Generation of new industrial standards based on the methodology 

Weaknesses 

1. Technical complexity that requires specialized personnel 

2. High dependence on the quality of the data collected 

3. Need for customization for each type of production line 

4. Steep learning curve for plant personnel 

5. Robust and secure connectivity requirements 

Threats 

1. Accelerated technological obsolescence of implemented solutions 

2. Cybersecurity vulnerabilities in connected systems 

3. Organizational resistance to the change in the productive paradigm 

4. Difficulty in finding talent trained in new technologies 

5. Competitors with greater digital maturity or technological resources 
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The integration of SMED methodologies with Industry 4.0 technologies, modeled using plithogenic 

n- SuperHyperGraphs, proves to be an effective approach for optimizing changeover processes in man-

ufacturing environments. Statistical analysis confirms that this integration generates significant benefits 

in terms of time reduction, quality improvement, and process stabilization, regardless of the character-

istics of the production line. 

The use of plithogenic n- SuperHyperGraphs allowed for the adequate modeling of complex rela-

tionships between categorical and continuous variables, capturing the uncertainty inherent in real-

world production processes. This advanced mathematical approach proves to be a valuable tool for 

decision-making in environments where multiple interrelated factors coexist. 

It is recommended to continue the research by expanding the sample to more production lines and 

extending the follow-up period to evaluate the long-term sustainability of the improvements. It is also 

suggested to explore the incorporation of artificial intelligence techniques to further optimize changeo-

ver processes through automatic parameter prediction and adjustment. 

4. Conclusion 

This paper contributes to the field by implementing SMED with some Industry 4.0 technologies, 

which, through the plithogenic n-SuperHyperGraphs, minimizes format changeover in Ecuadorian 

manufacturing of electronic components with up to 68% minimization of downtime on compound lines, 

increased standardization, and first-quality in the first operation after changeover. Implementing the 

IoT and analytics is performance increasing, thus, transformation for an increasingly relevant sector of 

the Ecuadorian Economy. Findings are important and have implications for practice as they can be im-

plemented in real time from all companies encountered, providing a non-expensive, scalable solution 

to reduce waste and stabilization needs with constantly changing market operations. In relation to the 

Ecuadorian situational context where industrial modernization is highly relevant, this means higher 

competitive edges are obtained and incremental operations can secure improved paths toward sustain-

able manufacturing endeavors. Qualitative improvements relating to changeovers—from augmented 

reality—improve customer satisfaction and decrease costs of operations for a more substantial economic 

presence for such local industries. 

The theoretical contribution is that by employing plitogenic n-SuperHyperGraphs to model what is 

otherwise non-distraction in industrial systems, as this approach is relatively less used in manufacturing, 

many of the variables are interrelated. The results paint a more cohesive picture of such multivariate 

dependencies, rendering a fresh lens upon Lean Manufacturing and Industry 4.0. The practical contri-

bution is that despite the Ecuadorian focus of the study, this can serve as a case study for emerging 

economies while presenting an accomplishment for an Ecuadorian context for low-resourced value with 

high applicability. Yet there are limitations; the focus on 24 production lines cannot be inferred across 

the board to all sectors in Ecuador. Furthermore, the study relies upon a strong digital-physical infra-

structure which might not occur in diverse regions with relatively poor connectivity; thus, implemen-

tation might be challenging for rural areas. Finally, the technicalities with n-SuperHyperGraphs require 

some training to comprehend, which might delay initial implementation and adjustment. Future studies 

might include examining other industrial or sector designs from food to textiles to see if the results can 

be generalized. Furthermore, using artificial intelligence for real-time corrections may further enhance 

processes that can be better assessed longitudinally. Some enhancements might be better through sim-

ulation as opposed to practical application on the physical operation; thus, future studies should test 

such combinations. Studies over time could determine if such enhancements are sustainable beyond 

this singular analysis so that Ecuadorian industry does not lose their foothold in an ever-dynamic world. 
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Abstract. This study analyzed the relationship between survival and business growth in the manufacturing sector of 

Azuay Province. To achieve this, Plithogenic n-SuperHyperGraphs and Multineutrosophic logic were employed to 
examine financial data defined by a set of n-indicators, n-records, and n-entities between 2020 and 2023. Additionally, 

the Springate Z-Score model was used, along with the logarithmic variation of assets, multiple regression, and factor 

analysis. The results showed that business survival was determined by variables related to vertices of financial sta-

bility and operational efficiency, while growth was primarily associated with asset expansion. Factor analysis iden-
tified three key components: firm size, financial solvency, and profitability, grouped within the dominant vertex. 

These findings demonstrate an integrated financial structure underlying business survival. In conclusion, the results 

provide an empirical basis for designing sustainability strategies in Azuay’s manufacturing sector, with potential 
applications in other regions and sectors of Ecuador. 

 
Keywords: business survival, business growth, manufacturing, Multineutrosophy, Plithogenic n-SuperHyper-

Graphs.

 

1. Introduction 
 

Business continuity and growth are interdependent processes conditioned by economic, operational, 

and structural factors [1]. Models such as the Z-Score, especially the Springate model, allow for the 

evaluation of financial stability and anticipation of insolvency risks, being key in uncertain environ-

ments [2]. Additionally, growth is explained by internal factors such as innovation, human capital, and 

management, as well as by external conditions such as market structure and economic cycles [3]. 

In fact, in the manufacturing sector of Azuay, these processes face particular challenges stemming 

from economic slowdown and the structural effects of the pandemic. Despite favorable indicators in 

2020, weaknesses in profitability and efficiency persist, especially in microenterprises [4]. 

Given this scenario, there emerges a need to understand how business survival and growth are re-

lated in the manufacturing sector of Azuay during the 2020-2023 period. This research analyzes this 

relationship with the objective of establishing conditions that facilitate the design of economic systems 

oriented toward strengthening the sector. Specifically, three objectives are proposed: identifying the 

factors that influence both processes, quantitatively estimating the relationship between survival and 

growth through econometric methods and determining the structural elements that support their inter-

dependence. 
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In this sense, the study seeks to provide useful empirical evidence for the development of strategies 

that promote business sustainability [5]. To this end, this study implements different tools such as Z-

Score models, Plithogenic n-SuperHyperGraphs, and multiple regression in the evaluation and interac-

tion between the financial and operational dimensions of companies in the sector. In fact, this interaction 

between elements (referred to as vertices) and their groups (defined as super-vertices) helps identify 

factors affecting the manufacturing sector in Azuay. Complementarily, multineutrosophic logic is used 

to examine n-indicators (financial indicators) based on n-resources (files or financial information records) 

over a time period (2020 to 2023). Therefore, the integration of these instruments allows for understand-

ing these factors, strengthening Azuay's industrial fabric, promoting employment stability, and contrib-

uting to regional economic development [6]. 

2. Materials and Methods 
 

For the study, Plithogenic n-SuperHyperGraphs were used to model the interrelationships between 

financial, operational, and structural variables associated with business survival and growth in the man-

ufacturing sector of Azuay (defined as vertices and their interconnections). This methodology, defined 

by Smarandache, allowed for the incorporation of uncertainty and revealed complex patterns not iden-

tifiable through conventional methods (according to the consulted methodology [7]). 

Complementarily, a descriptive, explanatory, and correlational approach was adopted to analyze 

factors influencing business continuity and expansion, based on historical data obtained from secondary 

sources (databases from the Superintendence of Companies, Securities, and Insurance). The use of econ-

ometric models facilitated the evaluation of interactions between key variables, providing a compre-

hensive view of financial stability in the manufacturing sector. For data processing and analysis, the 

business survival model and the Springate Z-score model [8] were employed, defining the following 

equation: 𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 (𝑍) = 1.03𝐴 + 3.07𝐵 + 0.66𝐶 + 0.40𝐷(2) 

Where: 

• A = Working Capital / Total Assets 

• B = Net income before interest and taxes / Total Assets 

• C = Net income before taxes / Current liabilities 

• D = Sales / Total Assets 

The Springate model, created by Gordon Springate, is based on four financial ratios to calculate a 

Zeta-Score that evaluates the probability of bankruptcy. For a company to be considered healthy, it must 

have a minimum score of 0.862. On the other hand, business growth was measured using the logarith-

mic difference of total assets between two consecutive periods, following Evans' (1987) methodology: 𝐺𝑟𝑜𝑤𝑡ℎ (𝐺𝑡) = 𝐿𝑛 𝑆𝑡𝑆𝑡 − 1 = 𝐿𝑛 𝑆𝑡 − 𝐿𝑛 𝑆𝑡−1 

Where: 

• 𝑆𝑡 represented the total assets of the company in the current period, reflecting its financial 

structure at the present time. 

• 𝑆𝑡 − 1 corresponded to the total assets of the company in the previous period, allowing 

the estimation of the relative rate of variation in the company's size. 

 

Subsequently, a Pearson correlation analysis was applied to determine the relationship between 

business survival and firm growth, verifying the normality of the data and evaluating the direction and 

intensity of this relationship. Then, a principal component factor analysis with statistical validity criteria 

(Bartlett's test and KMO) was used to identify underlying common factors. In fact, it allowed for group-

ing variables or vertices associated with survival and growth without altering the model structure. Thus, 
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it facilitated the interpretation of their connections, determinants, and the distinction between inte-

grated or independent dimensions within the structural analysis of the Plithogenic n-SuperHyperGraphs. 

 
2.1 Multineutrosophic set 
 

Definition 1 [9]. The Neutrosophic set 𝑁 is characterized by three membership functions, which are 

the truth-membership function 𝑇𝐴 , indeterminacy-membership function 𝐼𝐴 , and falsity-membership 

function 𝐹𝐴 , where 𝑈  is the Universe of Discourse and xU , 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0− , 1+[ , and 0−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x)  sup 𝑇𝐴(x) + sup 𝐼𝐴(x) + sup 𝐹𝐴(x) 3+. 

See that according to the definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), and 𝐹𝐴(𝑥) are real standard or non-standard subsets 

of ] 0− , 1+[ and hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥) and 𝐹𝐴(𝑥) can be sub-intervals of [0, 1]. 0−  and 1+ belong to the set of 

hyperreal numbers. 

 
Definition 2. The Single-Valued Neutrosophic Set (SVNS) 𝐴 over 𝑈 is 𝐴 =  {< 𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) >: 𝑥𝑈}, where 𝑇𝐴: 𝑈→[0, 1], 𝐼𝐴: 𝑈→[0, 1] and 𝐹𝐴: 𝑈→[0, 1]. 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) 3. 

The Single-Valued Neutrosophic Number (SVNN) is symbolized by 𝑁 =  (𝑡, 𝑖, 𝑓 ), such that 0 𝑡, 𝑖, 𝑓  1 and 0 𝑡 + 𝑖 + 𝑓3. 

 
Definition 3 ([10]). The MultiNeutrosophic Set (or Subset MultiNeutrosophic Set SMNS). 

 

Let 𝒰 be a universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 ={𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈, 
where 𝑝, 𝑟, 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2  and at least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2, in order to ensure 

the existence of multiplicity of at least one neutrosophic component: truth/membership, indeterminacy, 

or falsehood/nonmembership; all subsets 𝑇1, 𝑇2, … , 𝑇𝑝; 𝐼1, 𝐼2, … , 𝐼𝑟; 𝐹1, 𝐹2, … , 𝐹𝑠  ⊆ [0,1];  
 0 ≤ ∑ 𝑖𝑛𝑓 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠𝑙=1     

 

No other restrictions apply on these neutrosophic multicomponents.  𝑇1, 𝑇2, … , 𝑇𝑝 are multiplicities of the truth, each one provided by a different source of information 

(expert).   

Similarly, 𝐼1, 𝐼2, … , 𝐼𝑟 are multiplicities of the indeterminacy, each one provided by a different source. 

And 𝐹1, 𝐹2, … , 𝐹𝑠 are multiplicities of the falsehood, each one provided by a different source. 

3 The Study 

3.1 Key variables in the Azuay manufacturing sector: Structure of the Plithogenic n-SuperHyper-
Graph. 

 

The analysis of results allowed for identifying the factors that influenced business survival and 

growth in the manufacturing sector of Azuay during the study period. From the characterization of key 

variables, it became evident that financial stability, operational efficiency, and adaptive capacity played 

a determining role in business continuity. Through the application of statistical techniques, the relation-

ship between business survival and growth was established. For the analysis and development of the 

study, the Plithogenic n-SuperHyperGraph structure was proposed, identifying 3 dimensions or sets of 

vertices to measure and evaluate business survival and growth in the manufacturing sector of Azuay 

(see Table 1). 
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Table 1: Structure of the Plithogenic n-SuperHyperGraph of the manufacturing sector of Azuay. Source: Own elaboration. 

 

Dimen-
sion / 
Vertex 

Vertex at-
tribute 

Sublevel vertex Multineutrosophic sublevel vertex 

Finan-

cial sta-

bility 

(𝑉1) 

Indicator 

(𝑉11) 

Period (𝑉111) 𝑉111𝑛: {2020, 2021, 2022, 2023} ,{𝑒𝑛𝑡𝑖𝑡𝑦, 𝑟𝑒𝑐𝑜𝑟𝑑, $, %} 

Business 

sur-

vival(𝑉12) 

Springate Z-score model (𝑉121) 𝑉1211𝑛: {2020, 2021, 2022, 2023} ,{𝐻𝑖𝑔ℎ , 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑙𝑜𝑤, 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙} 

Growth 

rate(𝑉13) 

Evans Methodology(𝑉131) 𝑉131𝑛: {2020, 2021, 2022, 2023} ,{𝐻𝑖𝑔ℎ , 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑙𝑜𝑤, 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛} 

Enti-

ties(𝑉14) 

Business size (𝑉141) (𝑉141){𝑏𝑖𝑔, 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑠𝑚𝑎𝑙𝑙} 

Macro 

environ-

ment 

struc-

ture (𝑉2) 

Economic 

situation 

(𝑉21) 

(𝑉21𝑛), includes multiple Vertex sub at-

tributes n that make up the vertex𝑉21{in-

flation, interest rates, structural barriers, 

epidemics, etc., n-elements}. These ele-

ments are presented according to the 

time period analyzed. 

(𝑉21𝑛𝑛){period; impact of the current element 

on the entity, …, n-elements (Multineutro-

sophic criteria: High, medium, low,)}These 

elements are presented according to the 

time period analyzed. 

Market dy-

namics (𝑉22) 

(𝑉22𝑛), includes multiple Vertex sub at-

tributes n that make up the ver-

tex𝑉22{Competition, market demand, …, n-

elements}These elements are presented 

according to the time period analyzed. 

(𝑉22𝑛𝑛){period; impact of the current event on 

the entity, …, n-items (Multineutrosophic cri-

terion: High, medium, low)} These elements 

are presented according to the time period 

analyzed. 

Working 

capital 

manage-

ment 

()𝑉3 

Operational 

effi-

ciency(𝑉31) 

- (𝑉3111){Operating efficiency ratio} 

Adaptabil-

ity(𝑉32) 

Organizational flexibility(𝑉321) (𝑉3211) {𝐻𝑖𝑔ℎ , 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑙𝑜𝑤} 

Strategic innovation(𝑉322) (𝑉3221) {𝐻𝑖𝑔ℎ , 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑙𝑜𝑤, 𝑛𝑢𝑙𝑙} 

 

In Table 1, it was observed that vertex 𝑉₁ is composed of n-indicators to determine the health of the 

entity according to the evaluation determined in a time period framed between 2020 to 2023. Each of 

these evaluations were performed on n-entities in the manufacturing sector of Azuay through n-records 

(multiple resources that record a variety of information within the multineutrosophic set of financial 

indicators). Therefore, to structure the study according to multineutrosophic logic, the following pair is 

proposed: V1: { 𝑛 − 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠} → {𝑛 − 𝑟𝑒𝑐𝑜𝑟𝑑𝑠, 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑, 𝑛 − 𝑒𝑛𝑡𝑖𝑡𝑖𝑒𝑠} 
Therefore, to determine business survival (𝑉12) and growth rate (𝑉13), a subset of 𝑉1 is evaluated ac-

cording to the Springate Z-score model (𝑉121) and Evans' methodology (𝑉131) (See sections 3.2, 3.3 and 

3.4). However, the analysis of 𝑉2 and 𝑉3 would be presented in section 3.  

 
3.2 Characterization of the factors affecting business survival and growth. 
 

The following table presents the financial ratios affecting business survival, including the evolution 

of the Working Capital/Total Assets indicator in the manufacturing sector of Azuay during the 2020-2023 

period (see Table 2). The data show that in 2020 this indicator stood at 23.36%, followed by an increase 

to 26.54% in 2021. Subsequently, 2022 saw a decrease to 21.60%, a trend that continued in 2023 when the 

value dropped to 12.29%. 
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Table 2: Subset of financial ratios from vertex 𝑉111𝑛 (2020-2023). Source: Prepared by the authors based on (Superintendency of 

Companies, Securities and Insurance, 2024). 

 

General  
Description Year 2020 Year 2021 Year 2022 Year 2023 

A: Working Capital/Total Assets 23.36% 26.54% 21.60% 12.29% 

B: Earnings Before Interest and Taxes / Total Assets 11.64% 0.76% 2.22% 2.52% 

C: Earnings Before Taxes / Current Liabilities 29.84% 13.83% 29.83% 38.62% 

D: Sales / Total Assets 106.00% 104.36% 94.31% 92.02% 

 

These results show variations in the working capital to the total assets ratio throughout the period 

analyzed. The increase in 2021 indicates that manufacturing companies increased their working capital 

relative to total assets that year, while subsequent years showed a progressive decline in this indicator. 

The decreases recorded in 2022 and 2023 suggest that working capital's share of total assets was signif-

icantly reduced by the end of the period. This trend can be evaluated alongside other financial indicators 

to understand the financing structure and liquidity of manufacturing companies in Azuay province. 

The evolution of the EBIT/Total Assets ratio in Azuay's manufacturing sector during 2020-2023 is 

presented. In 2020, the ratio reached 11.64%, followed by a sharp decline to 0.76% in 2021. From 2022 

onward, a gradual recovery was recorded, increasing to 2.22%, with a further rise to 2.52% in 2023. 

These values reflect changes in operating profits relative to total assets during the study period. The 

decline between 2020 and 2021 indicates a significant reduction in operating profitability relative to 

assets, while the subsequent recovery suggests improved operating income generation capacity relative 

to asset size. Analyzing this trend alongside other financial indicators enables a more precise assessment 

of the manufacturing sector profitability evolution in Azuay province. 

Similarly, the evolution of the Pretax Income/Current Liabilities ratio in Azuay's manufacturing sec-

tor during 2020-2023 is presented. In 2020, the ratio stood at 29.84%, followed by a decrease to 13.83% 

in 2021. From 2022 onward, a recovery was observed, rising to 29.83%, and reaching its peak in 2023 at 

38.62%. This pattern shows an initial reduction in pretax income generation relative to current liabilities, 

followed by progressive recovery in the last two years analyzed. The 2021 decline indicates lower pretax 

profits relative to short-term obligations, while the 2022-2023 recovery reflects increased operating prof-

itability relative to current liabilities. Evaluating this trend alongside other financial indicators provides 

insights into the evolution of payment capacity and financial stability of manufacturing companies in 

Azuay province. 

However, the Sales/Total Assets ratio in Azuay's manufacturing sector reached 106.00% in 2020, fol-

lowed by a slight decrease to 104.36% in 2021. Subsequent years showed more pronounced declines, 

with 94.31% in 2022 and a further drop to 92.02% in 2023. These results demonstrate a progressive re-

duction in sales relative to total assets, indicating diminished revenue generation compared to asset 

structure throughout the study period. This trend suggests decreasing efficiency in asset utilization for 

sales generation, potentially associated with various economic and operational factors within the man-

ufacturing sector. Analyzing this variation alongside other financial indicators provides better under-

standing of the evolution in productive and commercial performance of companies in Azuay province. 

In contrast, Figure 1 shows the evolution of the Natural Logarithm of Assets in Azuay's manufactur-

ing sector, comparing the current period with the previous period during 2020-2023. The data show that 

in 2020, the average natural logarithm of assets was 12.63, while the previous period's value was 12.61. 

In 2021, both indicators increased, reaching 12.69 and 12.63, respectively. In 2022, the average natural 

logarithm of assets remained stable at 12.71, while the previous period's value reached 12.69. Finally, in 

2023, both values converged at 12.71 and 12.70, respectively. 
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Figure 1: Natural logarithm of assets - current and previous periods. Source: Own elaboration based on (Superintendency of 

Companies, Securities and Insurance, 2024). 

 

These results reflect a gradual growth trend in total assets of manufacturing companies in Azuay 

province throughout the analyzed period. The convergence observed in 2023 values of current and pre-

vious period natural logarithm of assets suggests stabilization in company asset evolution. Analysis of 

this trend alongside other financial indicators enables better understanding of growth dynamics and 

capital accumulation in the manufacturing sector. 

Additionally, Figure 2 shows the evolution of average growth in Azuay's manufacturing sector dur-

ing the 2020-2023 period. In 2020, average growth was 2.12%, followed by an increase to 3.01% in 2021. 

In 2022, growth maintained a positive trend, reaching 3.17%. However, 2023 saw a significant decline 

to -0.26%, indicating a contraction in manufacturing company performance that year. These results re-

flect moderate growth during the first three years of analysis, with acceleration in 2022 followed by a 

reversal in 2023. The observed decrease in the final year suggests sector companies experienced a re-

duction in total assets, potentially associated with various economic and financial conditions. Analyzing 

this pattern alongside other indicators helps evaluate factors influencing business growth dynamics in 

Azuay province. 

 

Figure 2: Business growth. Source: Own elaboration based on (Superintendency of Companies, Securities and Insurance, 2024). 
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3.3 Statistical relationship between business survival and growth (internal connections of vertex 𝑽𝟏). 
 

Table 3 (Z-Score 2020) presents the results of the estimation of the relationship between business 

growth and the Z-Score index from 2020 to 2023. In fact, the coefficient of the constant was 1.054 with a 

statistical significance of 0.000, indicating that it is a relevant parameter within the model. On the other 

hand, the coefficient of the variable "Growth 2020" was 0.350 with a standard error of 0.257 and a t-value 

of 1.364. The significance associated with this variable was 0.174, indicating that business growth in 2020 

did not exhibit a statistically significant relationship with the Z-Score index in that same year. 

Table 3: Regression model coefficients between growth and Z-Score (2020–2023). Source: Own elaboration based on data from 

the Superintendency of Companies, Securities and Insurance (2024). 

 

Coefficients* 

Model 

Non-standardized 

coefficients 

Standardized 

coefficients  t Next. a. Dependent variable 

B Dev. Error Beta 

1 
(Constant) 1,054 0.081  12.963 0.000 

Z - Score 2020 
Growth 2020 0.350 0.257 0.091 1,364 0.174 

2 
(Constant) 0.789 0.090  8.773 0.000 

Z - Score 2021 
Growth 2021 0.096 0.284 0.024 0.340 0.734 

3 
(Constant) 0.791 0.100  7.902 0.000 

Z - Score 2022 
Growth 2022 1.273 0.270 0.316 4.721 0.000 

4 
(Constant) 0.751 0.091  8.283 0.000 

Z - Score 2023 
Growth 2023 1.323 0.257 0.338 5.148 0.000 

 

Figure 3 (Z-Score 2020) illustrates the relationship between both variables through a scatter plot. It 

can be observed that the distribution of the points does not show a clear trend, suggesting that business 

growth in 2020 did not have a relevant impact on the Z-Score index. The data dispersion indicates sig-

nificant variability without an apparent correlation between the variables analyzed. This result is con-

sistent with the coefficient analysis, where the low value of the standardized beta (0.091) and the lack 

of statistical significance reinforce the absence of a strong relationship between business growth and 

financial stability in the year 2020. 

 

Z
-S

co
re

 (
cl

ea
n

ed
) 

Growth (refined) 

2020 2021 

  

2022 2023 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eduardo Martín Campoverde Valencia, Jessica Paola Chuisaca Vásquez, Francisco Ángel Becerra Lois. Multineutrosophic 
Analysis of the Relationship Between Survival and Business Growth in the Manufacturing Sector of Azuay Province, 2020–

2023, Using Plithogenic n-Superhypergraphs 

348 

  

Figure 3: Regression model between growth and Z-Score (2020–2023). Source: Own elaboration based on data from the Superin-

tendency of Companies, Securities and Insurance (2024). 

 

On the other hand, the results of the estimation of the relationship between business growth and the 

Z-Score index in 2021 are presented (see Table 3, Z-Score 2021). The coefficient of the constant was 0.789, 

with a statistical significance of 0.000, indicating that its effect within the model is relevant. However, 

the coefficient of the variable "Growth 2021" was 0.096, with a standard error of 0.284 and a t-value of 

0.340. The significance associated with this variable was 0.734, indicating that business growth in 2021 

did not show a statistically significant relationship with the Z-Score index for that same year. 

Meanwhile, Figure 3 (Z-Score 2021) represents the relationship between both variables through a 

scatter plot. It can be observed that the data does not show a clear trend suggesting a strong correlation 

between business growth and the financial survival index. The dispersion of the points indicates that 

the variability of the Z-Score in 2021 was not directly related to business growth in that year. These 

results are consistent with those obtained in the coefficient table, where the low magnitude of the beta 

coefficient (0.024) and the lack of statistical significance reinforce the absence of a relevant relationship 

between these variables in the period analyzed. 

In contrast, Table 3 (Z-Score 2022) presents the results of the regression analysis evaluating the rela-

tionship between business growth and the Z-Score index in 2022. The coefficient of the constant was 

0.791 with a significance level of 0.000, indicating that its effect within the model is statistically relevant. 

The coefficient of the variable "Growth 2022" was 1.273 with a standard error of 0.270 and a t-value of 

4.721. The significance associated with this variable was 0.000, indicating a statistically significant rela-

tionship between business growth and the Z-Score index in that year. 

Moreover, Figure 3 (Z-Score 2022) represents the relationship between both variables through a scat-

ter plot. Unlike previous years, in this case, a clearer trend is observed in the distribution of the points, 

suggesting a stronger correlation between business growth and financial stability as measured by the 

Z-Score. These results are consistent with those obtained in the coefficient table, where the standardized 

beta coefficient of 0.316 and its statistical significance confirm the existence of a positive relationship 

between business growth and financial stability in the manufacturing sector of Azuay in 2022. 

Likewise, Table 3 (Z-Score 2023) presents the results of the estimation of the relationship between 

business growth and the Z-Score index in 2023. The coefficient of the constant was 0.751, with a statis-

tical significance of 0.000, indicating that it is a relevant parameter within the model. The variable 

"Growth 2023" obtained a coefficient of 1.323, with a standard error of 0.257 and a t-value of 5.148. The 

associated significance was 0.000, confirming the existence of a statistically significant relationship be-

tween business growth and the Z-Score index in the year analyzed. 

Similarly, Figure 3 (Z-Score 2023) shows the distribution of the data in a scatter plot, revealing a more 

defined relationship compared to previous years. The greater concentration of points suggests that as 

business growth increases, so does the Z-Score index, indicating a possible positive relationship be-

tween both variables. These results are consistent with those obtained in the coefficient table, where the 
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standardized beta coefficient of 0.338 and its high statistical significance reinforce the existence of a 

correlation between business growth and financial stability in the manufacturing sector of Azuay in 

2023. 

 
3.4 Factors determining business growth and survival. 
 

The analysis of determining factors for business growth and survival allowed for the identification 

of dimensions that explained the stability and expansion of companies in the manufacturing sector. 

Factor analysis was applied to reduce variables into latent components that captured the underlying 

data structure. Business survival was represented by two factors associated with financial stability and 

operational efficiency. Meanwhile, business growth was explained by a single component based on the 

logarithmic variation of assets. The results confirmed that financial and operational structure influenced 

company continuity, while growth responded to a one-dimensional dynamic. 

 
3.4.1 Business survival. 

 

The following table shows the proportion of variance explained by each component extracted using 

the principal component analysis method (see Table 4). Indeed, the first two components extracted 

through factor analysis present eigenvalues greater than 1, justifying their retention according to Kai-

ser's criterion. Together, they explain 60.91% of the total variance of the set of variables analyzed. The 

first component contributes 33.88% and the second contributes 27.03%, indicating that a significant pro-

portion of the variability in the data can be synthesized in these two dimensions. This result suggests 

the existence of common latent structures that simultaneously integrate characteristics associated with 

business survival and growth. The factorial reduction obtained allows grouping financial variables 

without substantial loss of statistical information, which improves the multivariate interpretation of the 

behavior of companies in the manufacturing sector. In contrast, components from the third onward 

present eigenvalues less than 1 and make marginal contributions to the total explanation, which is why 

they were not considered in the definitive factorial solution. To identify the principal components, factor 

loadings greater than 0.55 were considered. 

Table 4: Total variance explained by the components. Source: Own elaboration based on data from the Superintendency of 

Companies, Securities and Insurance (2024). 

 

Total variance explained 

Compo-

nent 

Initial eigenvalues 

Sums of squared charges of ex-

traction 

Sums of charges squared by ro-

tation 

Total % variance 

% accumu-

lated Total % variance % accumulated Total % variance % accumulated 

1 1,898 23,722 23,722 1,898 23,722 23,722 1,808 22,601 22,601 

2 1,749 21,862 45,583 1,749 21,862 45,583 1,522 19,025 41,626 

3 1,195 14,936 60,519 1,195 14,936 60,519 1,511 18,893 60,519 

4 ,995 12,436 72,955       

5 ,864 10,801 83,756       

6 ,671 8,384 92,140       

7 ,432 5,399 97,539       

8 ,197 2,461 100,000       

Extraction method: principal component analysis. 
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Similarly, the rotated component matrix allows for the observation of latent groupings between 

growth and business survival variables. Varimax rotation with Kaiser normalization was used to im-

prove the interpretation of the factor loadings (see Table 5). The first component shows high loadings 

on variables associated with business size, specifically the natural logarithm of assets in the current 

(0.944) and previous (0.940) periods, indicating that this factor explains business size as measured by 

total assets. In contrast, the second component groups variables related to solvency and operational 

liquidity, including working capital (0.705), solvency (0.602), and the survival index (0.705), reflecting 

short-term financial balance and business stability. 

Table 5: Component matrix. Source: Own elaboration based on data from the Superintendency of Companies, Securities and 

Insurance (2024). 

 

Rotated component matrixa 

• Extraction method: 

principal component 

analysis. 

• Rotation method: Vari-

max with Kaiser nor-

malization. 

• a. The rotation has con-

verged after 4 itera-

tions. 

 

Component 

1 2 3 

Growth ,146 ,358 ,019 

LN Active -1 ,940 ,008 -,006 

LN Active ,944 ,086 ,032 

Working Capital -,073 ,705 -,405 

Operating Profitability -,039 ,172 ,756 

Solvency -,036 ,602 ,226 

Sales efficiency ,055 ,007 ,713 

Survival Rate -,014 ,705 ,464 

 

The analysis shows that variables describing business dynamics do not group according to their the-

oretical nature (growth or survival), but rather according to integrated latent structures, which confirms 

the relevance of joint factor analysis. Finally, in a third component, the variables operational profitability 

and sales efficiency were grouped, so this factor was called profitability. The existence of three well-

defined components allows synthesizing financial information into interpretable and statistically rele-

vant dimensions to characterize the behavior of the manufacturing sector. Therefore, three underlying 

factors are determinants in business survival: company size, financial solvency, and profitability, be-

longing to 𝑉1, defined as the dominant vertex within the structure of the Plithogenic n-SuperHyper-

Graph. 

On the other hand, Figure 4 shows the scree plot corresponding to the joint factor analysis of the 

variables (vertices) related to growth (𝑉13) and business survival (𝑉12). It shows a sharp drop in the 

eigenvalues between components 1 and 2, which empirically supports the selection of two main factors 

according to the Kaiser criterion. The decreasing slope from the third component onward indicates a 

progressively marginal contribution of the remaining factors to the explanation of the total variance. 

This graphical configuration confirms that the factor model can be adequately represented by two latent 

dimensions without significant loss of statistical information. The selection of these factors is consistent 

with the eigenvalues presented in Table 4 and validates the methodological decision to limit the inter-

pretation to those components with the greatest explanatory capacity. 
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Figure 4: Scree plot of business survival. Source: Own elaboration based on data from the Superintendency of Companies, Secu-

rities and Insurance (2024). 

 
4 Discussion 
 

The empirical evidence obtained in this research shows similarities with various theoretical ap-

proaches and previous studies on business survival and growth. The business life cycle theory by Gort 

and Klepper (1982) establishes that firms go through different stages from their creation to maturity and 

possible decline. In fact, the findings confirm that financial stability plays a decisive role in business 

continuity [11]. 

Similarly, Altman's Z-Score model has been widely used to assess financial stability based on indi-

cators such as profitability, liquidity, and leverage [12]. The results obtained through the application of 

this model reflect its predictive capacity within the manufacturing sector, aligning with findings from 

studies that highlight the usefulness of bankruptcy prediction models in the analysis of business viabil-

ity [13]. According to the theory of market "natural selection," firms with fewer capabilities tend to exit 

the market, while those with greater adaptability manage to consolidate [14]. Therefore, the identified 

connection between the increase in the number of firms and financial soundness supports this view, 

especially in the years when growth was positive and statistically significant. 

Regarding the increase in firms, Evans (1987) proposes that smaller firms tend to grow more rapidly 

due to their greater flexibility in adjusting to environmental changes. The results obtained in this study 

are consistent with this assumption, as more pronounced growth was identified in certain periods. Thus, 

endogenous growth highlights the accumulation of knowledge and human capital as key elements in 

firm expansion, which is supported by the observed connection between growth and financial sound-

ness in the analyzed manufacturing firms [15]. 

However, discrepancies were identified with certain previous theoretical propositions. Gibrat's Law 

states that firm growth is a random process, and that the growth rate does not depend on the firm's 

initial size [16]. Nevertheless, the results obtained in this study suggest that growth is not entirely ran-

dom, as a notable connection was observed in some periods between financial soundness and the ex-

pansion of manufacturing firms in Azuay. Similarly, Barney's resource-based view holds that the accu-

mulation of tangible and intangible assets strengthens firms' sustainability [17]. 

In contrast, the results obtained indicate that access to economic resources does not always translate 

into long-term stability, suggesting the presence of other factors influencing firms' longevity. Pantoja et 

al. (2021) argue that effective working capital management (defined as vertex 𝑉3) contributes to firms’ 
survival [18]. However, the results did not show a notable link between these components in certain 

periods, indicating that other variables, such as the structure of the environment and industry dynamics 

(defined as vertices 𝑉2  and  𝑉22), may play a more significant role. Jovanovic’s model (1982) states that 
firm growth is constrained by internal management capacity and efficiency in resource allocation [19]. 

Nevertheless, the analysis did not find strong support for this assumption, as the connection between 
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growth and financial soundness was not consistent throughout all the years analyzed. 

Similarly, Sutton’s model (1997) highlights the priority of sectoral competitiveness (𝑉22) and econo-

mies of scale in determining growth rates [20]. However, the results obtained suggest that contextual 

factors, such as the economic situation and structural barriers (defined as vertex 𝑉21), may differentially 

influence the connection between growth and survival. 

It should be noted that the investigation was based on economic data provided by the Superintend-

ence of Companies, Securities, and Insurance, which limited the analysis to formally registered firms, 

excluding those operating in informality, which represent a significant portion of the manufacturing 

sector in Azuay (partial or unknown information). Moreover, the cross-sectional nature of the data did 

not allow for an accurate capture of the temporal dynamics and strategic decisions adopted by the firms 

over time. In fact, these interrelations remain undefined in indeterminate vertices {V22, V31, V321, V322} for 

a multineutrosophic set undefined by: 𝑉1: { 𝑛 − 𝑖𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠} → {𝑛 − 𝑖𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑟𝑒𝑐𝑜𝑟𝑑𝑠, 𝑛 −𝑖𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠, 𝑛 − 𝑖𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑒𝑛𝑡𝑖𝑡𝑖𝑒𝑠}). 
 

The heterogeneity of the manufacturing sector constitutes another limitation, as it includes firms of 

different sizes and levels of specialization (defined as vertex 𝑉141, 𝑉142), which may have affected the gen-

eralizability of the results. Furthermore, the study did not incorporate qualitative variables related to 

firm management, investment in innovation, and environmental strategies (𝑉3), which could contribute 

to a more comprehensive understanding of the components that influence the survival and growth of 

firms. Therefore, from the structure of the plithogenic n-SuperHyperGraph and the multi-neutrosophic 

analysis, the following pairs of vertex interrelations are derived: {{𝑉111𝑛∗  ∩ {𝑉12, 𝑉13, 𝑉14}} ∩ {𝑉21𝑛 ∪ 𝑉22𝑛}} ∩ {𝑉31 ∪ {𝑉321 ∪ 𝑉322}} 

Where {𝑉111𝑛∗ ∩ {𝑉12, 𝑉13, 𝑉14}} is defined as P, which is a subset of determined indicators in intersec-

tion with a subset of equally classified entities (𝑉14) from the manufacturing sector in Azuay, and with 

a defined outcome in the vertices of survival (𝑉12) and business growth (𝑉13) over an n-period of time 

H. 

The other pair, {𝑉21𝑛 ∪ 𝑉22𝑛}, defined as R, represents the union of the economic context (𝑉21) and 

market dynamics (𝑉22) over an n-period of time H. In this way, all macro-external factors that affect the 

evaluated entity are visualized. 

Finally, the last pair composed of {𝑉31 ∪ {𝑉321 ∪ 𝑉322}} is defined by the letter S, which represents the 

union of operational efficiency (𝑉31) and organizational flexibility (𝑉321) combined with strategic inno-

vation (𝑉322). This configuration aims to reveal the strategies adopted by management during an n-

period of time H. 

Therefore, the following function of the multineutrosophic set is proposed, defined as 𝑓(𝐻): → 𝑃 ∩𝑅 ∩ 𝑆.. This function allows the evaluation of each vertex within the plithogenic n-SuperHyperGraph to 

be included in the development of future research. For example, for an n-period of time (H) defined in 

the year 2020, the following result is obtained: 𝑓(2023): → 𝑃 ∩ 𝑅 ∩ 𝑆, where results are obtained for those groups of heterogeneous entities evalu-

ated and considered in the year 2020 that, under certain macro external factors, exhibited a multineu-

trosophic degree of business survival and growth, defined by n-results from a subset of n-indicators 

determined by management. Likewise, it reflects the actions planned by management in response to the 

n-market dynamics and the strategic decisions adopted by firms during a given n-period of time. 
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5. Conclusion 

 

The permanence of companies in the market depended on elements that provided information about 

their economic situation and their operational methods. These elements were calculated through the 

relationship between funds available for immediate use and the total value of company assets, between 

earnings (without considering loan and tax obligations) and the total value of company assets. Between 

earnings (without considering tax obligations) and short-term debt, and between sales income and the 

total value of company assets. To determine company growth, the change in the value of all assets from 

one period to another was calculated. Although in 2020 and 2021 no clear statistical relationship be-

tween growth and permanence was found, data from 2022 and 2023 showed a significant positive rela-

tionship between both events. This shows behavior that is not consistent at all times but depends on the 

current situation in the manufacturing sector. 

The statistical calculation of the relationship between permanence and growth of companies, 

through models that look for patterns in the data, revealed that the increase in company size, calculated 

by the change in asset value, can help at times to improve the Z-score, an element that indicates eco-

nomic status. However, this relationship was not maintained consistently throughout all the years ana-

lyzed, suggesting that growth does not guarantee business permanence per se, nor vice versa. The par-

tial dependence between these variables reflected the structural complexity of the sector and the influ-

ence of external factors not directly observed in the applied models. 

Factor analysis and the implementation of the Plithogenic n-SuperHyperGraph together allowed 

grouping the variables of business growth and survival into two main components, without distinguish-

ing between pre-established theoretical categories. The first component captured the dimension associ-

ated with company size through the natural logarithm of assets, while the second grouped variables 

related to working capital, solvency, and the survival index. This integrated factorial structure suggests 

that growth and stability processes should not be treated in isolation, but as part of a system of latent 

interrelationships that shape the financial behavior of manufacturing companies in Azuay. The absence 

or indeterminacy of a factorial segmentation between growth and survival reinforces the need for meth-

odological approaches that allow interpreting these phenomena in their multidimensional complexity. 

For this purpose, a solution is proposed based on the inclusion of multineutrosophic functions that en-

compass the spectrum of the evaluated set from n-information resources and their impact on the entity's 

financial stability. 

References 
[1] M. Aghabegloo, K. Rezaie, S. A. Torabi, and S. M. Khalili, "A bia-based quantitative framework for 

built physical asset criticality analysis under sustainability and resilience," Buildings, vol. 13, no. 1, p. 

264, 2023. [Online]. Available: https://www.mdpi.com/2075-5309/13/1/264. 

[2] C. A. Satoto and K. Handayani, "Analysis of the Calculation of the Altman Z-Score Method 

(Modified) and the Springate Method in Predicting Potential Financial Distress in Retail Companies 

Listed on the Indonesia Stock Exchange (IDX) in 2020–2022," The Journal of Academic Science, vol. 2, 

no. 1, pp. 116-126, 2025. [Online]. Available: http://thejoas.com/index.php/thejoas/article/view/217. 

[3] S. Saada, "The Influence of Financial Innovation and Market Capitalization on Economic Growth: A 

Comparative Review of Global and Emerging Markets," Journal of Recycling Economy & Sustainability 

Policy, vol. 4, no. 1, pp. 17-29, 2025. [Online]. Available: 

https://respjournal.com/index.php/pub/article/view/43. 

[4] I. Buele, A. Tigsi, and S. Solano, "Financial analysis and forecasting of business failure applied to 

manufacturing companies," Academy of Accounting and Financial Studies Journal, vol. 25, no. 2, pp. 1-

11, 2021. [Online]. Available: https://www.abacademies.org/articles/financial-analysis-and-

forecasting-of-business-failure-applied-to-manufacturing-companies-10412.html. 

[5] N. K. Bachtiar, A. Setiawan, G. A. Prastyan, and P. Kijkasiwat, "Business resilience and growth 

strategy transformation post crisis," Journal of Innovation and Entrepreneurship, vol. 12, no. 1, pp. 1-25, 

2023. [Online]. Available: https://link.springer.com/article/10.1186/s13731-023-00345-5. 

https://www.mdpi.com/2075-5309/13/1/264
http://thejoas.com/index.php/thejoas/article/view/217
https://respjournal.com/index.php/pub/article/view/43
https://www.abacademies.org/articles/financial-analysis-and-forecasting-of-business-failure-applied-to-manufacturing-companies-10412.html
https://www.abacademies.org/articles/financial-analysis-and-forecasting-of-business-failure-applied-to-manufacturing-companies-10412.html
https://link.springer.com/article/10.1186/s13731-023-00345-5


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eduardo Martín Campoverde Valencia, Jessica Paola Chuisaca Vásquez, Francisco Ángel Becerra Lois. Multineutrosophic 
Analysis of the Relationship Between Survival and Business Growth in the Manufacturing Sector of Azuay Province, 2020–

2023, Using Plithogenic n-Superhypergraphs 

354 

[6] I. Buele, I. Christian, and J. Mejía, "Ecuadorian Manufacturing Companies in Pandemic: Comparative 

Analysis of Bankruptcy Forecast," Journal of Business Strategy Finance and Management, vol. 6, no. 1, p. 

24, 2024. [Online]. Available: 

https://www.proquest.com/openview/9827dad2036d822e2fd2d08fc04f814e/1?cbl=5586517&pq-

origsite=gscholar. 

[7] L. J. Reales-Chacón et al., "Study of the Efficacy of Neural Mobilizations to Improve Sensory and 

Functional Responses of Lower Extremities in Older Adults with Diabetic Peripheral Neuropathy 

Using Plithogenic n-SuperHyperGraphs," Neutrosophic Sets and Systems, vol. 74, no. Special, pp. 1-12, 

2024. [Online]. Available: https://fs.unm.edu/nss8/index.php/111/article/view/5191. 

[8] T. Krisyuanto and G. S. Budiwitjaksono, "The Use of Altman Z-Score, Springate, and Zmijewski in 

Detecting Financial Distress in the Transportation and Logistics Sector Companies," 

TRANSEKONOMIKA: AKUNTANSI, BISNIS DAN KEUANGAN, vol. 5, no. 2, pp. 452-462, 2025. 

[Online]. Available: https://transpublika.co.id/ojs/index.php/Transekonomika/article/view/872. 

[9] E. González Caballero, M. Leyva Vázquez, and F. Smarandache, "On neutrosophic uninorms," 

Neutrosophic Sets and Systems, vol. 45, no. 2021, pp. 340-348, 2021. [Online]. Available: 

https://digitalrepository.unm.edu/nss_journal/vol45/iss1/22. 

[10] T. A. Al-Tamimi, L. A. Al-Swidi, and A. H. Al-Obaidi, "New Concepts in Partner Multineutrosophic 

Topological Space," International Journal of Neutrosophic Science (IJNS), vol. 24, no. 3, p. 172, 2024. 

[Online]. Available: 

https://openurl.ebsco.com/EPDB%3Agcd%3A1%3A16610129/detailv2?sid=ebsco%3Aplink%3Ascho

lar&id=ebsco%3Agcd%3A180913659&crl=c&link_origin=scholar.google.es. 

[11] M. E. Javaid and S. H. Raza, "Examining Firm Competitiveness: A Life Cycle Theory Perspective," 

Abasyn University Journal of Social Sciences, vol. 16, no. 2, p. 180, 2023. [Online]. Available: 

https://openurl.ebsco.com/EPDB%3Agcd%3A9%3A5262969/detailv2?sid=ebsco%3Aplink%3Aschol

ar&id=ebsco%3Agcd%3A175885651&crl=c&link_origin=scholar.google.es. 

[12] A. P. Kharisma, N. Qomari, R. Sanusi, and D. A. Fauziah, "FINANCIAL DISTRESS ANALYSIS 

USING ALTMAN Z-SCORE AND ZMIJEWSKI MODELS: CASE STUDY OF PT CHANDRA ASRI 

PACIFIC TBK (2019-2023)," Jurnal Ekonomi dan Bisnis, vol. 19, no. 1, pp. 89-99, 2025. [Online]. 

Available: http://103.166.46.29/index.php/jeb/article/view/102. 

[13] H. D. Kurz, "Adam Smith: Evolutionary social theorist ante litteram," Homo oeconomicus, vol. 41, no. 

January pp. 123-152, 2025. [Online]. Available: https://link.springer.com/article/10.1007/s41412-024-

00149-2. 

[14] R. Fredona, S. A. Reinert, and T. da Silva Lopes, "Forms of Capitalism," Business History Review, vol. 

98, no. 1, pp. 3-35, 2024. [Online]. Available: https://www.cambridge.org/core/journals/business-

history-review/article/forms-of-capitalism/03192B7DAF615944FAC5FA7E44A17261. 

[15] L. Li, "Reskilling and upskilling the future-ready workforce for industry 4.0 and beyond," Information 

Systems Frontiers, vol. 26, no. 5, pp. 1697-1712, 2024. [Online]. Available: 

https://link.springer.com/article/10.1007/s10796-022-10308-y. 

[16] M. Guerzoni, L. Riso, and M. Vivarelli, "Was Robert Gibrat right? A test based on the graphical model 

methodology," Small Business Economics, vol. 64, no. April pp. 1-14, 2024. [Online]. Available: 

https://link.springer.com/article/10.1007/s11187-024-00915-1. 

[17] R. Prabhudesai, N. Pangarkar, and C. V. Prasad, "Resource type and SME alliance formation: the 

contingent role of perceived environmental uncertainty," Journal of Small Business and Enterprise 

Development, vol. 29, no. 7, pp. 1071-1088, 2022. [Online]. Available: 

https://www.emerald.com/insight/content/doi/10.1108/jsbed-02-2021-0046/full/html. 

[18] M. P. P. Aguilar, G. d. M. P. Ramírez, B. L. Torres, and M. Zavala, "Testing Altman’s Z’’-Score to 

assess the level of accuracy of the model in Mexican companies," Nova scientia, vol. 13, no. 27, p. 19, 

2021. [Online]. Available: https://dialnet.unirioja.es/servlet/articulo?codigo=8987747. 

[19] J. Sivadasan, N. Balasubramanian, R. Dharwadkar, and C. Ren, "How do US firms grow? New 

evidence from a growth decomposition," Strategic Management Journal, vol. 46, no. 1, pp. 49-81, 2025. 

[Online]. Available: https://sms.onlinelibrary.wiley.com/doi/full/10.1002/smj.3641. 

 

https://www.proquest.com/openview/9827dad2036d822e2fd2d08fc04f814e/1?cbl=5586517&pq-origsite=gscholar
https://www.proquest.com/openview/9827dad2036d822e2fd2d08fc04f814e/1?cbl=5586517&pq-origsite=gscholar
https://fs.unm.edu/nss8/index.php/111/article/view/5191
https://transpublika.co.id/ojs/index.php/Transekonomika/article/view/872
https://digitalrepository.unm.edu/nss_journal/vol45/iss1/22
https://openurl.ebsco.com/EPDB%3Agcd%3A1%3A16610129/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A180913659&crl=c&link_origin=scholar.google.es
https://openurl.ebsco.com/EPDB%3Agcd%3A1%3A16610129/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A180913659&crl=c&link_origin=scholar.google.es
https://openurl.ebsco.com/EPDB%3Agcd%3A9%3A5262969/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A175885651&crl=c&link_origin=scholar.google.es
https://openurl.ebsco.com/EPDB%3Agcd%3A9%3A5262969/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A175885651&crl=c&link_origin=scholar.google.es
http://103.166.46.29/index.php/jeb/article/view/102
https://link.springer.com/article/10.1007/s41412-024-00149-2
https://link.springer.com/article/10.1007/s41412-024-00149-2
https://www.cambridge.org/core/journals/business-history-review/article/forms-of-capitalism/03192B7DAF615944FAC5FA7E44A17261
https://www.cambridge.org/core/journals/business-history-review/article/forms-of-capitalism/03192B7DAF615944FAC5FA7E44A17261
https://link.springer.com/article/10.1007/s10796-022-10308-y
https://link.springer.com/article/10.1007/s11187-024-00915-1
https://www.emerald.com/insight/content/doi/10.1108/jsbed-02-2021-0046/full/html
https://dialnet.unirioja.es/servlet/articulo?codigo=8987747
https://sms.onlinelibrary.wiley.com/doi/full/10.1002/smj.3641


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Eduardo Martín Campoverde Valencia, Jessica Paola Chuisaca Vásquez, Francisco Ángel Becerra Lois. Multineutrosophic 
Analysis of the Relationship Between Survival and Business Growth in the Manufacturing Sector of Azuay Province, 2020–

2023, Using Plithogenic n-Superhypergraphs 

355 

[20] T. Reed, "Export-Led Industrial Policy for Developing Countries: Is There a Way to Pick Winners?," 

Journal of Economic Perspectives, vol. 38, no. 4, pp. 3-26, 2024. [Online]. Available: 

https://www.aeaweb.org/articles?id=10.1257/jep.38.4.3. 

 

 
Received: December 24, 2024. Accepted: April 5, 2025. 

 

 

 

 

https://www.aeaweb.org/articles?id=10.1257/jep.38.4.3


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 

sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 Giannina Marleni Castillo Castillo,  Juan Randall Fabián Ramírez- Huerta,  Stefanny Fiorella Bazán- Arias,  Katherine Lizzeth 
Vallejos- Tantajulca,  Kiara Melanie Chauca - Justiniani, Rosa María Criollo Delgado. Promoting Women's Inclusion in Latin 
American Technology: A Multineutrosophic Analysis for Strategic Decision-Making 

            University of New Mexico 

Promoting Women's Inclusion in Latin American Technol-
ogy: A Multineutrosophic Analysis for Strategic Decision-

Making 
 

Giannina Marleni Castillo Castillo 1, Juan Randall Fabian Ramírez-Huerta 2, Stefanny Fiorella 

Bazán-Arias 3, Katherine Lizzeth Vallejos-Tantajulca 4, Kiara Melanie Chauca-Justiniani 5, and  

Rosa María Criollo Delgado 6 

 
1 Facultad de Negocios, Universidad Privada del Norte, Lima, 15314, Peru. giannina.castillo@upn.edu.pe  

2 Facultad de Negocios, Universidad Privada del Norte, Lima, 15314, Peru. randall.ramirez@upn.pe  
3 Facultad de Negocios, Universidad Privada del Norte, Lima, 15314, Peru. n00199653@upn.pe  
4 Facultad de Negocios, Universidad Privada del Norte, Lima, 15314, Peru. n00209463@upn.pe  
5 Facultad de Negocios, Universidad Privada del Norte, Lima, 15314, Peru. n00065569@upn.pe  

6 Facultad de Ingeniería, Universidad Privada del Norte, Lima, 15314, Peru. rosa.criollo@upn.edu.pe  

 

Abstract. This study addresses the underrepresentation and persistent gender inequalities hindering women's inclu-
sion in Latin America's technology sector. Utilizing a systematic literature review of 58 articles (2015-2022) and a 
multineutrosophic analysis approach employing the ARAS method, the research aims to identify and prioritize stra-
tegic guidelines for promoting female participation while accounting for inherent uncertainty and multiple perspec-
tives. The methodology integrates diverse expert opinions to provide a robust framework for decision-making. Find-
ings indicate that promoting technological education and strengthening inclusive policies are the most impactful 
strategies, significantly influencing equity, sustainability, and accessibility. Support for female entrepreneurship and 
leadership development also emerged as important, albeit secondary, priorities. This research contributes a novel 
application of multineutrosophic analysis to a critical social challenge, offering a systematic method for evaluating 
complex strategies and providing actionable recommendations to accelerate women's inclusion and foster regional 
technological and social development. 

Keywords: Women, Technology, Inclusion, Latin America, Multineutrosophic Analysis, Decision Making, Strategies, 
Gender Equity, Systematic Review, Multineutrosophic Ensemble, ARAS Multineutrosophic Method.

 

1. Introduction 

Women's participation in the technological field is a topic of growing relevance in Latin America, 
where innovation and sustainable development increasingly depend on diverse perspectives. This arti-
cle explores how a multineutrosophic analysis can guide strategic decisions to foster female inclusion 
in this sector, a significant challenge in a context marked by persistent inequalities. The importance of 
this research lies in its ability to address a structural problem that limits regional progress, supported 
by current data pointing to a 31.4% gender gap in economic participation and leadership, according to 
the World Economic Forum [1]. By integrating approaches that capture uncertainty and the multiple 
perspectives of the actors involved, the study seeks to offer practical and theoretically sound solutions. 
Historically, women have faced barriers to accessing technological fields, a phenomenon that dates back 
to the first industrial revolutions and persists in the digital age. In Latin America, since the 1970s, events 
such as the First UN World Conference on Women have spurred initiatives to reduce these disparities 
[2]. However, progress has been uneven: while countries like Mexico and Brazil stand out for their in-
clusion policies [3], others still grapple with structural and cultural limitations. Today, the region is at a 
critical juncture, where technology is not only transforming economies but also redefining social roles, 
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making the full integration of women urgent. Despite these efforts, female representation in technology 
remains insufficient. According to ECLAC, investment in science and technology has grown but has not 
effectively closed the gender gap [4]. Women face obstacles such as discrimination, lack of access to 
resources in rural areas, and deep-rooted stereotypes that discourage their participation [5]. These fac-
tors not only restrict their professional development but also affect regional competitiveness by reduc-
ing diversity in technological innovation. 

The problem this study addresses can be summarized in a key question: how can strategic decisions 
be made to promote women's inclusion in technology in Latin America, considering the complexity and 
uncertainty of the factors involved? This question arises from the need to overcome traditional ap-
proaches that, although useful, fail to capture the ambiguity inherent in diverse perceptions and con-
texts. The magnitude of the challenge is evident in the persistence of systemic barriers that limit female 
empowerment in a sector crucial for the future. The research employs multineutrosophic analysis, an 
approach that manages uncertainty and contradictory opinions, combined with a systematic review of 
the literature published between 2015 and 2022. This method seeks to identify patterns and solutions 
that transcend the limitations of previous studies. By analyzing 58 articles from databases such as Sco-
pus and Scielo, the study offers a comprehensive view of the progress and challenges in the region. 
Thus, it seeks not only to understand the problem but also to propose viable paths to its resolution. The 
relevance of this approach lies in its ability to integrate multiple dimensions of the problem, from public 
policies to cultural dynamics. In a globalized world, where technology is a driver of change, ensuring 
women's equal participation is essential for social and economic development [6]. Furthermore, the 
study responds to the need for innovative tools to support decision-making in complex contexts, an 
aspect that has been little explored in previous research on gender and technology. 

Multineutrosophic analysis is presented as a response to the lack of frameworks that address uncer-
tainty in strategic planning. While existing literature has documented barriers and achievements [7], it 
has rarely offered methods for prioritizing actions in multifaceted environments. This work fills that 
gap by providing an approach that simultaneously evaluates positive, negative, and undetermined fac-
tors, offering a solid foundation for inclusive policies. In this way, it aligns with current demands for 
equity and progress in Latin America. The objectives of the study are clear and closely linked to the 
research question. First, it seeks to evaluate the usefulness of multineutrosophic analysis in identifying 
effective strategies that promote the inclusion of women in technology. Second, it aims to generate prac-
tical recommendations that guide governments, companies, and academics in the implementation of 
equitable initiatives. These purposes will guide the development of the article, ensuring that the find-
ings contribute to both theoretical knowledge and concrete action in the region. 

2. Related Work. 

2.1 MultiNeutrosophic Set 

Definition 1 [10]. The Neutrosophic set 𝑁 It is characterized by three membership functions [9] , 
which are the truth membership function 𝑇𝐴, the indeterminacy membership function 𝐼𝐴, and the falsity 
membership function 𝐹𝐴, where 𝑈is the Universe of Discourse and xU, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0− , 1+[, 
and 0−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x)  sup 𝑇𝐴(x) + sup 𝐼𝐴(x) + sup𝐹𝐴(x) 3+  . 

Note that by definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥) , and 𝐹𝐴(𝑥) are standard or non-standard real subsets of ] 0− , 1+[and hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1]. 0− and1+ belong to the set of hy-
perreal numbers. 

Definition 2[10,11]. The single-valued neutrosophic set (SVNS) 𝐴 over 𝑈 is 𝐴 =  {<𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈} , where 𝑇𝐴: 𝑈→[0, 1] , 𝐼𝐴: 𝑈→[0, 1] and 𝐹𝐴: 𝑈→[0, 1] . 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) +𝐹𝐴(𝑥) 3. 
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SVNS was developed with the idea of applying neutrosophic sets for practical purposes. Some op-
erations between SVNNs are described below: 

Given A 1 = (a 1 , b 1 , c 1 ) and A 2 = (a 2 , b 2 , c 2 ) two SVNN, the sum between A 1 and A 2 is defined as: 𝐴1  𝐴2 = (𝑎1 + 𝑎2 − 𝑎1𝑎2, 𝑏1𝑏2, 𝑐1𝑐2) (1) 

Given A 1 = (a 1 , b 1 , c 1 ) and A 2 = (a 2 , b 2 , c 2 ) two SVNNs, the multiplication between A 1 and A 2 is 
defined as: 𝐴1  𝐴2 = (𝑎1𝑎2, 𝑏1+𝑏2 − 𝑏1𝑏2, 𝑐1 + 𝑐2 − 𝑐1𝑐2) (2) 

The product of a positive scalar with a SVNN, A = (a, b, c) is defined as:   𝐴 = (1 − (1 − 𝑎), 𝑏, 𝑐) (3) 

The Single Valued Neutrosophic Number (SVNN) is symbolized by 𝑁 =  (𝑡, 𝑖, 𝑓 ), such that 0 𝑡, 𝑖, 𝑓  1and 0 𝑡 + 𝑖 + 𝑓3. 

Definition 3 [11]. The refined neutrosophic set of subsets (SRNS). 

Let 𝒰 a universe of discourse and a set 𝑅 ⊂ 𝒰. Then, a Refined Neutrosophic subset R is defined as 
follows: 𝑅 = {𝑥, 𝑥(𝑇, 𝐼, 𝐹), 𝑥 ∈ 𝑈},where T is refined/divided into p subtruths, 𝑇 = 〈𝑇1, 𝑇2, … 𝑇𝑝〉, 𝑇𝑗 ⊆ [0,1], 1 ≤𝑗 ≤ 𝑝; I is refined/divided into r subindeterminacies, 𝐼 = 〈𝐼1, 𝐼2, … 𝐼𝑟〉, 𝐼𝑘 ⊆ [0,1], 1 ≤ 𝑘 ≤ 𝑟,and F is re-
fined/divided into s subfalsehoods, 𝐹 = 〈𝐹1, 𝐹2, … 𝐹𝑙〉, 𝐹𝑠 ⊆ [0,1], 1 ≤ 𝑙 ≤ 𝑠, where 𝑝, 𝑟, 𝑠 ≥  0are integers, 
and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥  2to ensure the existence of refinement (divi-
sion). 

Definition 4 ( [12] ) . The MultiNeutrosophic Set (or MultiNeutrosophic Set Subset SMNS). 

Let 𝒰 a universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 ={𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈, 
where 𝑝 , 𝑟 , 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2 and at least one of them 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2,to ensure the 

existence of multiplicity of at least one neutrosophic component: truth/belonging, indeterminacy or fal-
sity/non-belonging; all subsets𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠  ⊆ [0,1];  0 ≤ ∑ 𝑖𝑛𝑓 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠𝑙=1     

No other restrictions apply to these neutrosophic multicomponents. 𝑇1, 𝑇2, . . . , 𝑇𝑝They are multiplicities of truth, each provided by a different source of information (ex-
pert). 

Similarly, 𝐼1, 𝐼2, . . . , 𝐼𝑟there are multiplicities of indeterminacy, each provided by a different source. 

And 𝐹1, 𝐹2, . . . , 𝐹𝑠there are multiplicities of falsehood, each provided by a different source. 

The Degree of Multitruth (MultiMembership), also called Multidegree of Truth, of the element x with 
respect to the set M is 𝑇1, 𝑇2, . . . , 𝑇𝑝. 

The Degree of Multiindeterminacy (Multineutrality), also called Multidegree of Indeterminacy, of the 
element x with respect to the set M are𝐼1, 𝐼2, . . . , 𝐼𝑟 . 

and the Degree of Multi-Nonmembership, also called Multidegree of Falsehood, of the element x with 
respect to the set M are𝐹1, 𝐹2, . . . , 𝐹𝑠.  
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All of these 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2are assigned by n sources (experts) that can be: 

• whether fully independent; 

• or partially independent and partially dependent; 

• or totally dependent; depending on or as needed for each specific application. 

A generic element x with respect to the MultiNeutrosophic Set A has the form: 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) 

multi-truth multiindeterminacy multiple falsehood 

In many particular cases 𝑝 =  𝑟 =  𝑠, a source (expert) assigns the three degrees of truth, indetermi-
nacy and falsity 𝑇𝑗, 𝐼𝑗, 𝐹𝑗to the same element. 

Definition 5 [12]. Classification of multineutrosophic types of value n of the same form (p, r, s). (𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠), where 𝑝, 𝑟, 𝑠are integers  ≥  0, and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and 
at least one of 𝑝, 𝑟, 𝑠 ≥  2to be sure that it has multiplicity for at least one neutrosophic component (ei-
ther truth, or indeterminacy, or falsity). 

It offers a simpler n classification, but it's more of an approximation. Let's calculate the following. 

Average positivity (4). ∑ 𝑇𝑗 + ∑ (1 − 𝐼𝑘) + ∑ (1 − 𝐹𝑒)𝑠𝑒=1𝑟𝑘=1𝑝𝑗=1 𝑝 + 𝑟 + 𝑠  (4) 

Average (True-False) (5) ∑ 𝑇𝑗 + ∑ (1 − 𝐹𝑒)𝑠𝑒=1𝑝𝑗=1 𝑝 + 𝑠  (5) 

Average Truth Value (6). ∑ 𝑇𝑗𝑝𝑗=1𝑝  (6) 

Definition 6 [12]. Classification of n-valued multineutrosophic tuples in different ways (p, r, s). 

Let us consider two neutrosophic multiple tuples of value n of the forms (𝑝1, 𝑟1, 𝑠1)and respectively (𝑝2, 𝑟2, 𝑠2), where 𝑝1, 𝑟1, 𝑠1, 𝑝2, 𝑟2, 𝑠2 are integers ≥ 0 , and 𝑝1 + 𝑟1 + 𝑠1 = 𝑛1 ≥ 2, and at least one of 𝑝1, 𝑟1, 𝑠1𝑖𝑠 ≥ 2,to be sure that multiplicity exists for at least one neutrosophic component (either truth, 
indeterminacy or falsity); similarly 𝑝2 + 𝑟2 + 𝑠2 = 𝑛2 ≥ 2,and at least one of𝑝2, 𝑟2, 𝑠2 𝑖𝑠 ≥ 2. 

Let us take the following single-valued multineutral tuples (SVMNT): 𝑆𝑉𝑀𝑁𝑇 = (𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)of (𝑝1, 𝑟1, 𝑠1) − 𝑓𝑜𝑟𝑚, and 𝑆𝑉𝑀𝑁𝑇′ = (𝑇′1, 𝑇′2, . . . , 𝑇′𝑝; 𝐼′1, 𝐼′2, . . . , 𝐼′𝑟; 𝐹′1, 𝐹′2, . . . , 𝐹′𝑠)of (𝑝1, 𝑟1, 𝑠1) − 𝑓𝑜𝑟𝑚. 

), indeterminacies ( 𝐼𝑎) and falsity ( ) 𝐹𝑎are calculated 𝑇𝑎, respectively, for 𝑆𝑉𝑀𝑁𝑇 = (𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎)and 
the averages of truths ( 𝑇𝑎 ), indeterminacies ( 𝐼𝑎 ) and falsity ( 𝐹𝑎 ), respectively, for: 𝑆𝑉𝑀𝑁𝑇 =(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎). Then, the Scoring functions ( 𝑆) are applied ), Accuracy ( 𝐴 ) and Certainty ( 𝐶 ), as for the 
univariate neutrosophic set: 

Calculate the scoring function (average positivity) (7). 
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𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎 + (1 − 𝐼𝑎) + (1 − 𝐹𝑎)3  
(7) 𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇′𝑎 + (1 − 𝐼′𝑎) + (1 − 𝐹′𝑎)3  

i. If 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 
ii. If 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 

iii. And if 𝑆(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝑆(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′, then go to the second step. 

Calculate the precision function (difference between truth and falsehood) (8). 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎 − 𝐹𝑎 
(8) 𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇𝑎′ − 𝐹𝑎′ 

i. If 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 
ii. If 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 

iii. And if 𝐴(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝐴(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′, then go to the third step. 

3. Calculate the certainty (truth) function (9). 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) = 𝑇𝑎  
(9) 𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎) = 𝑇𝑎′ 

i. If 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≥  𝐶(𝑇′𝑎 , 𝐼′𝑎, 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≥ 𝑆𝑉𝑀𝑁𝑇′, 
ii. If 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ≤  𝐶(𝑇′𝑎 , 𝐼′𝑎, 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 ≤ 𝑆𝑉𝑀𝑁𝑇′, 

iii. And if 𝐶(𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) =  𝐶(𝑇′𝑎 , 𝐼′𝑎 , 𝐹′𝑎)then 𝑆𝑉𝑀𝑁𝑇 = 𝑆𝑉𝑀𝑁𝑇′they are multi-neutrosopically 
equal, that is 𝑇𝑎 = 𝑇𝑎’ , 𝐼𝑎 = 𝐼𝑎’ , 𝐹𝑎 = 𝐹𝑎’ , or their corresponding truth, indeterminacy, and fal-
sity averages are equal. 

Definition 7 [12]. In cases where some sources have greater weight in the evaluation than others, 
weighted averages are used, indexed as 𝑇𝑤𝑎 , 𝐼𝑢𝑎 , 𝐹𝑣𝑎and 𝑇′𝑤𝑎 , 𝐼′𝑢𝑎 , 𝐹′𝑣𝑎 ,respectively. Since the sources 
can be independent or partially independent, the sum of the weights does not necessarily have to be 
equal to 1. Therefore: 

i. 𝑤1, 𝑤2, … , 𝑤𝑝 ∈ [0,1], although the sum 𝑤1 + 𝑤2 + ⋯+ 𝑤𝑝may be < 1, 𝑜𝑟 = 1, 𝑜𝑟 > 1. 

ii. 𝑢1, 𝑢2, … , 𝑢𝑝 ∈ [0,1], although the sum 𝑢1 + 𝑢2 + ⋯ + 𝑢𝑝may be < 1, 𝑜𝑟 = 1, 𝑜𝑟 > 1. 

iii. 𝑣1, 𝑣2, … , 𝑣𝑝 ∈ [0,1], although the sum 𝑣1 + 𝑣2 + ⋯+ 𝑣𝑝may be < 1, 𝑜𝑟 = 1, 𝑜𝑟 > 1. 

And, similarly, the score, precision, and certainty functions are applied to these weighted averages 
to rank them. 

In 2013, Smarandache [13] refined and split the neutrosophic components (T, I, F) into more detailed 
neutrosophic subcomponents (𝑇1,𝑇2, . . . ;  𝐼1, 𝐼2, . . . ;  𝐹1, 𝐹2, . . . ), allowing for greater granularity in mod-
eling uncertainty and imprecision. This refinement is based on the need to more accurately represent 
the levels of truth, indeterminacy, and falsity in complex systems. 

This refined structure has been key in the development of new applications in artificial intelligence, 
decision-making, and computational modeling, as it allows for a more detailed analysis of uncertain 
information. Furthermore, the MultiNeutrosophic Ensemble has been shown to be isomorphic to the 
Refined Neutrosophic Ensemble, implying that both models can represent the same underlying 
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mathematical structure, offering different approaches to uncertainty management [14]. 

3. Materials and methods 

The ARAS (Additive Ratio Assessment) method is a multi-criteria decision-making technique that 
allows selecting the best option from a set of alternatives [15]. In this case, the study establishes among 
its objectives a series of strategic guidelines aimed at optimizing decision-making in financial analysis. 
To this end, an extension of the traditional method is proposed through the evaluation using multi-
neutrosophic sets. Consequently, it is reformulated as the multi-neutrosophic ARAS method to deter-
mine the complex relative efficiency of each strategic guideline. This involves evaluating each strategic 
guideline through multiple sources (experts) based on the corresponding criteria (Figure 1). 

 

 

Figure 1: Flowchart of the Neutrosophic ARAS Decision-Making Process 

When integrating multineutrosophic set analysis into the ARAS method [16,17], the following steps 
are defined: 

Step 1: Identify multiple sources (experts) for the multi-criteria assessment and assign a weight to 
each expert based on their expertise and contribution to the financial statement analysis (according to 
Definition 7 in Section 2.1). To do this, Saaty's neutrosophic AHP method is applied [18,19]. 

Step 2: Determine the importance of weights of each criterion in decision-making for each source 
(expert). 

Step 3: Construct the decision matrix 𝐿𝑖𝑗(see Figure 2), where the element 𝐿𝑖𝑗represents each strate-
gic guideline (GE) evaluated by multiple sources (experts (Exp.), according to Definitions 5 and 6 of 
Section 2.1) based on an identified criterion (C). 

 

[  
   
 𝑙11 𝑙12 … 𝑙1𝑗 … 𝑙1𝑛𝑙21 𝑙22 … 𝑙2𝑗 … 𝑙2𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑖1 𝑙𝑖2 … 𝑙𝑖𝑗 … 𝑙𝑖𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑚1 𝑙𝑚2 … 𝑙𝑚𝑗 … 𝑙𝑚𝑛]  

   
 
 

Figure 2: Decision matrix 𝐿𝑖𝑗for the multineutrosophic ARAS method. Source: Prepared by the authors. 

 

Step 4: The normalized decision matrix 𝐿̅𝑖𝑗, considering the benefit and cost values, is calculated 
using equations (10) and (11): 𝐿̅𝑖𝑗 = 𝑙𝑖𝑗∑ 𝑙𝑖𝑗𝑚𝑖=0  (10) 
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𝐿𝑖𝑗 =  1𝑙𝑖𝑗∗  (11) 

Step 5 : The weighted normalized decision matrix is calculated using equation (12). 𝐿̂𝑖𝑗 = 𝐿̅𝑖𝑗 ∙ 𝑊𝑗 (12) 

The weighting values 𝑊𝑗are determined using the entropy method. Where j 𝑊𝑗is the weighting of 
criterion j and j 𝐿̅𝑖𝑗is the normalized ranking of each criterion. 

Step 6: Calculation of the optimization function 𝑆𝑖using equation (13). 

𝐺𝑖 = ∑ 𝐿̂𝑖𝑗𝑛
𝑗=1  (13) 

Where 𝐺𝑖is the value of the optimization function for alternative i . This calculation is directly pro-
portional to the process of the values 𝐿̂𝑖𝑗and weights 𝑊𝑗of the investigated criteria and their relative 
influence on the outcome. 

Step 7: Calculating the degree of utility. This degree is determined by comparing the analyzed var-
iant with the best one 𝐺𝑜, according to equation (14). 𝐾𝑖 = 𝐺𝑖𝐺𝑜  (14) 

Where 𝐺𝑖and 𝐺𝑜are the values of the optimization function. These values range from 0 to 100%; 
therefore, the alternative with the highest value 𝐾𝑖is the best of those analyzed. 

 

3. Case Study 

3.1 Impact of Women's Inclusion in Technology 

Female inclusion in technology in Latin America is key to innovation and economic growth. How-
ever, barriers such as discrimination, lack of access to technology education, and underrepresentation 
in leadership persist. This study evaluates strategies to overcome these challenges, considering criteria 
such as equity, economic impact, and sustainability, integrating expert judgments and multi-neutro-
sophic analysis. 

3.2 Strategic Guidelines 

Four guidelines are proposed (Table 1): 

Table 1: Strategic guidelines. 
 

No 
Strategic Guide-

line 
Aim Strategies Impact 

LE1 Promotion of in-
clusive policies 

Reduce structural 
barriers 

Government incen-
tives, training pro-

grams 

Female participa-
tion increases 

LE2 Promotion of tech-
nological educa-

tion 

Increase digital skills STEM scholarships 
and workshops for 

women 

Improves employ-
ability 

LE3 Support for fe-
male entrepre-

neurship 

Boosting female-
owned technology 

businesses 

Access to financing 
and support networks 

Strengthens the re-
gional economy 
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No 
Strategic Guide-

line 
Aim Strategies Impact 

LE4 Female leader-
ship development 

Increase represen-
tation in strategic 

roles 

Mentoring and 
promotion programs 

Promotes di-
versity in deci-

sions 

3.3 Multineutrosophic ARAS Modeling 

Step 1: Expert Selection 

 
Eight experts are selected (Table 2), with weights assigned via neutrosophic AHP (Tables 3 and 4). 

Table 2: Experts. 
 

Expert Profession 

Exp-1 Gender and Technology Scholar 

Exp-2 Government representative 

Exp-3 Economist 

Exp-4 Tech entrepreneur 

Exp-5 Public Policy Specialist 

Exp-6 STEM Educator 

Exp-7 Innovation consultant 

Exp-8 Sociologist 

Table 3: Pairwise Comparison Matrix of Experts using Neutrosophic AHP 
 

Foun-

tain 
Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 Exp-6 Exp-7 Exp-8 

Exp-1 
(0.5, 0.5, 

0.5) 
(0.6, 0.4, 

0.3) 
(0.9, 0.1, 

0.2) 
(0.8, 0.2, 

0.3) 
(0.7, 0.3, 

0.4) 
(0.9, 0.1, 

0.2) 
(0.8, 0.2, 

0.3) 
(0.9, 0.1, 

0.2) 

Exp-2 
(0.4, 0.6, 

0.7) 
(0.5, 0.5, 

0.5) 
(0.7, 0.3, 

0.4) 
(0.6, 0.4, 

0.5) 
(0.5, 0.5, 

0.6) 
(0.8, 0.2, 

0.3) 
(0.7, 0.3, 

0.4) 
(0.8, 0.2, 

0.3) 

Exp-3 
(0.2, 0.9, 

0.8) 
(0.4, 0.7, 

0.6) 
(0.5, 0.5, 

0.5) 
(0.6, 0.4, 

0.5) 
(0.4, 0.6, 

0.7) 
(0.7, 0.3, 

0.4) 
(0.6, 0.4, 

0.5) 
(0.7, 0.3, 

0.4) 

Exp-4 
(0.3, 0.8, 

0.7) 
(0.5, 0.6, 

0.5) 
(0.5, 0.6, 

0.5) 
(0.5, 0.5, 

0.5) 
(0.4, 0.6, 

0.7) 
(0.6, 0.4, 

0.5) 
(0.5, 0.5, 

0.6) 
(0.7, 0.3, 

0.4) 

Exp-5 
(0.4, 0.7, 

0.6) 
(0.6, 0.5, 

0.4) 
(0.7, 0.4, 

0.3) 
(0.7, 0.3, 

0.4) 
(0.5, 0.5, 

0.5) 
(0.8, 0.2, 

0.3) 
(0.6, 0.4, 

0.5) 
(0.8, 0.2, 

0.3) 

Exp-6 
(0.2, 0.9, 

0.8) 
(0.3, 0.8, 

0.7) 
(0.4, 0.7, 

0.6) 
(0.5, 0.6, 

0.5) 
(0.3, 0.8, 

0.7) 
(0.5, 0.5, 

0.5) 
(0.6, 0.4, 

0.5) 
(0.7, 0.3, 

0.4) 

Exp-7 
(0.3, 0.8, 

0.7) 
(0.4, 0.7, 

0.6) 
(0.5, 0.6, 

0.5) 
(0.6, 0.5, 

0.4) 
(0.5, 0.6, 

0.5) 
(0.5, 0.6, 

0.5) 
(0.5, 0.5, 

0.5) 
(0.7, 0.3, 

0.4) 

Exp-8 
(0.2, 0.9, 

0.8) 
(0.3, 0.8, 

0.7) 
(0.4, 0.7, 

0.6) 
(0.4, 0.7, 

0.6) 
(0.3, 0.8, 

0.7) 
(0.4, 0.7, 

0.6) 
(0.4, 0.7, 

0.6) 
(0.5, 0.5, 

0.5) 
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Table 4: AHP Consistency Analysis and Expert Weights 
 

Fountain A x Weight Weight Approximate Eigenvalues 

Exp-1 2.80 0.22 8.95 

Exp-2 2.10 0.16 8.90 

Exp-3 1.60 0.12 8.85 

Exp-4 1.80 0.14 8.87 

Exp-5 2.00 0.15 8.88 

Exp-6 1.40 0.11 8.84 

Exp-7 1.70 0.13 8.86 

Exp-8 1.30 0.10 8.83 

Eigenvalue = 8.87, CI = 0.12, RC = 0.08 (consistent) 

Step 2: Criteria and Weights 

 
Criteria: 

• C1: Equity 
• C2: Economic impact 
• C3: Sustainability 
• C4: Scalability 
• C5: Accessibility 

Evaluation (Table 5): 

Table 5: Evaluation and Weighting of Decision Criteria 
 

Criterion Multineutrosophic Assessment (Ta, Ia, Fa) Weight Score S  
C1 {0.9,0.8,0.7},{0.2,0.1},{0.3,0.4,0.5,0.2} (0.80, 0.15, 0.35) 0.25 0.77 
C2 {0.7,0.6,0.8},{0.3,0.2},{0.4,0.5,0.3,0.6 (0.70, 0.25, 0.45) 0.20 0.67 
C3 {0.8,0.7,0.6},{0.2,0.3},{0.3,0.4,0.5,0.2} (0.70, 0.25, 0.35) 0.20 0.70 
C4 {0.6,0.7,0.5},{0.4,0.3},{0.5,0.4,0.6,0.3} (0.60, 0.35, 0.45) 0.15 0.60 
C5 {0.7,0.6,0.8},{0.3,0.2},{0.4,0.3,0.5,0.2} (0.70, 0.25, 0.35) 0.20 0.70 

Step 3: Decision Matrix L ij  

 
Evaluation of guidelines (Table 6): 

Table 6: Guidelines Evaluation against Criteria 
 

Directive C1 C2 C3 C4 C5 

LE1 (0.8, 0.2, 0.3) (0.7, 0.3, 0.4) (0.6, 0.2, 0.3) (0.7, 0.3, 0.4) (0.8, 0.2, 0.3) 
LE2 (0.7, 0.3, 0.4) (0.8, 0.2, 0.3) (0.8, 0.1, 0.2) (0.6, 0.4, 0.5) (0.9, 0.1, 0.2) 
LE3 (0.6, 0.4, 0.5) (0.7, 0.3, 0.4) (0.7, 0.2, 0.3) (0.8, 0.2, 0.3) (0.7, 0.3, 0.4) 
LE4 (0.7, 0.3, 0.4) (0.6, 0.4, 0.5) (0.6, 0.3, 0.4) (0.7, 0.3, 0.4) (0.6, 0.4, 0.5) 
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Step 4-7: Normalization, Weighting, and Optimization 

Normalization and weighting (Table 7): 

Table 7: Weighted Normalized Matrix and Final ARAS Ranking 
 

Directive C1 (0.25) C2 (0.20) C3 (0.20) C4 (0.15) C5 (0.20) Gi Ki (%) G 0 = 0.235 

LE1 0.064 0.042 0.036 0.035 0.048 0.225 95.74 

LE2 0.056 0.048 0.048 0.030 0.054 0.236 100.43 

LE3 0.048 0.042 0.042 0.040 0.042 0.214 91.06 

LE4 0.056 0.036 0.036 0.035 0.036 0.199 84.68 

4. Analysis of Results and Recommendations 

Results Analysis  
 

The multineutrosophic ARAS method prioritized LE2 (Promotion of technological education) with 
a Ki of 100.43%, highlighting its impact on equity (C1), sustainability (C3), and accessibility (C5). LE1 
(Inclusive policies) obtained 95.74%, excelling in equity and accessibility, while LE3 (Entrepreneurship) 
and LE4 (Leadership) achieved 91.06% and 84.68%, respectively. This suggests that education and pol-
icies are critical to overcoming barriers, aligning with the literature that emphasizes training as a driver 
of inclusion. 

Recommendations 

1. Invest in Technology Education: Expand STEM programs with scholarships specifically for 
women, especially in rural areas. 

2. Strengthening Inclusive Policies: Implement tax incentives and regulations that promote gen-
der equity in technology. 

3. Support Entrepreneurship: Create funds and mentoring networks for female tech entrepre-
neurs. 

4. Foster Leadership: Develop training and visibility initiatives for women in strategic roles.  
These strategies, supported by analysis, can accelerate female inclusion and strengthen regional 
technological development. 

5. Discussion 

 
The results derived from the multineutrosophic ARAS method reveal that the promotion of techno-

logical education (LE2), with a utility degree of 100.43%, emerges as the most prioritized strategic guide-
line to promote the inclusion of women in the technology sector in Latin America. This finding aligns 
with previous research that identifies STEM skills training as a fundamental pillar to reduce the gender 
gap in technology. The high rating of LE2 in criteria such as equity (C1), sustainability (C3), and acces-
sibility (C5) underscores its potential to empower women, especially in marginalized communities 
where access to technical education remains limited. The ability of this strategy to generate long-term 
benefits resonates with studies that highlight how technological training not only improves employa-
bility but also transforms social structures by challenging entrenched gender stereotypes. 

On the other hand, the promotion of inclusive policies (LE1), with a utility degree of 95.74%, is po-
sitioned as the second most relevant strategy. Its strength in equity and accessibility reflects the 
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importance of a solid institutional framework and its relationship with educational marketing strategies 
reflects the importance of a solid institutional framework that addresses structural barriers such as dis-
crimination and lack of resources. This result is consistent with the literature that emphasizes the role 
of governments in creating incentives and regulations to encourage female participation, as observed in 
leading countries such as Mexico and Brazil. However, their slight disadvantage compared to LE2 sug-
gests that, although policies are essential, their impact depends on complementary initiatives such as 
education, which act directly on individual capabilities. 

Support for female entrepreneurship (LE3), at 91.06%, and female leadership development (LE4), at 
84.68%, although valuable, occupy secondary positions in this prioritization. LE3 stands out in scalabil-
ity (C4) and economic impact (C2), indicating its potential to strengthen the regional economy through 
women-led technology businesses. However, its lower relative score could reflect experts' perception 
that entrepreneurship requires a prior foundation of skills and opportunities that is not yet fully con-
solidated. Similarly, LE4, with its weakest performance across all criteria, points to the need to overcome 
cultural and organizational obstacles before female leadership can flourish widely, a challenge con-
sistent with studies that point to the persistence of glass ceilings in the technology sector. 

The integration of multineutrosophic analysis in this study offers a significant advantage by captur-
ing the uncertainty and multiplicity of perspectives inherent in a topic as complex as gender inclusion. 
Unlike traditional approaches, this method allows for balancing divergent opinions and evaluating 
strategies in a context of high ambiguity, which is particularly useful in Latin America, where socioec-
onomic realities vary widely across countries and regions. The results reinforce the idea that solutions 
should not be unidirectional, but rather require a strategic combination of education, policies, and struc-
tural support to maximize their effectiveness. 

Furthermore, prioritizing education and inclusive policies highlights the need for a proactive ap-
proach that not only responds to current barriers but also anticipates future trends in the technological 
market. In a global environment where digitalization is advancing rapidly, organizations and govern-
ments that invest in these areas will be better positioned to harness women's potential as agents of 
change. This preventive approach aligns with the literature that advocates for early interventions to 
prevent inequalities from perpetuating in future generations. 
Finally, the findings suggest that the interrelationship between education, policy, entrepreneurship, and 
leadership is crucial for sustained impact. While LE2 and LE1 address the foundations of inclusion, LE3 
and LE4 broaden their scope to include innovation and strategic decision-making. This complementa-
rity implies that, although education should be the starting point, its success depends on a supportive 
ecosystem that includes funding, mentoring, and institutional changes. In conclusion, the multineutro-
sophic analysis not only identifies clear priorities but also provides a robust framework for designing 
comprehensive strategies that drive gender equity in technology, contributing to the long-term social 
and economic development of Latin America [19, 20, 21].

6. Conclusion 
 

The multineutrosophic analysis applied in this study, using the ARAS method, has allowed us to 
identify and prioritize effective strategies to promote women's inclusion in the Latin American technol-
ogy sector. The results highlight the promotion of technology education (LE2) as the most relevant 
guideline, with a utility level of 100.43%, followed by the promotion of inclusive policies (LE1) with 
95.74%. These strategies stand out for their ability to address equity, sustainability, and accessibility, 
demonstrating that digital skills training and institutional support are essential to overcoming the struc-
tural barriers faced by women in the region. Support for female entrepreneurship (LE3) and the devel-
opment of female leadership (LE4), with utility levels of 91.06% and 84.68% respectively, complement 
the approach by strengthening the regional economy and diversity in decision-making. However, their 
lower priority suggests that they depend on a solid foundation of education and policies to reach their 
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full potential. This order of priorities highlights the need for a sequential and synergistic approach, 
where initial interventions in training and regulation pave the way for more advanced initiatives such 
as entrepreneurship and leadership. The use of the multineutrosophic framework has proven to be a 
powerful tool for managing the uncertainty and multiple perspectives inherent in this complex problem. 
By integrating the opinions of diverse experts, the study not only offers a robust evaluation of strategies 
but also provides an innovative model for decision-making in contexts of high ambiguity. This meth-
odology overcomes the limitations of traditional approaches by capturing the diversity of factors that 
influence gender inclusion, providing a theoretical and practical basis adaptable to other societal chal-
lenges. 

In practical terms, the study underscores the urgency of implementing massive STEM training pro-
grams for women, accompanied by inclusive policies that guarantee equitable access to resources and 
opportunities. These actions, supported by the findings, have the potential to transform the technolog-
ical landscape in Latin America, increasing female participation and boosting regional innovation. Fur-
thermore, supporting female entrepreneurship and leadership emerges as a critical step to consolidate 
initial gains and promote sustainable development. In conclusion, this work contributes to the field of 
gender equity in technology by offering a systematic analysis and clear prioritization of strategies, sup-
ported by an advanced methodology. The results not only reaffirm the importance of education and 
policies as fundamental pillars but also open the door to future research exploring the practical imple-
mentation of these guidelines in specific contexts in the region. Thus, the study sets a precedent for 
addressing complex social challenges, promoting a more inclusive and competitive future for Latin 
America. 
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Abstract: The following study addresses the impact of pests on plantain cultivation, recognizing them as a critical 
factor for both sustainability and productivity. Traditionally, decision-making in this context relies heavily on subjec-
tive and unstructured criteria, often leading to inaccurate prioritization of pest- and disease-related risks. This issue 
becomes even more pressing considering the growing global demand for plantains and the need to manage resources 
effectively, which calls for clear identification of intervention priorities. However, agricultural systems—characterized 
by ecological and social variability—often present incomplete, ambiguous, or contradictory information, making con-
ventional multicriteria analysis insufficient. To address this challenge, this research introduces the Neutrosophic Ana-
lytic Hierarchy Process (NAHP), an extension of the traditional AHP that incorporates uncertainty and indeterminacy 
in expert evaluations. Through a hierarchical structure, the model assesses pest threats based on criteria such as eco-
nomic damage, frequency of occurrence, and control difficulty. Results show that NAHP delivers robust and consistent 
classifications, enabling more effective pest prioritization for enhancing both technical and agricultural efficiency. This 
research contributes both theoretically and practically, introducing an innovative methodology to agricultural deci-
sion-making and offering a valuable tool for farmers, agronomists, and policymakers. Ultimately, the study expands 
the application of neutrosophic logic to agriculture, fostering the development of more sustainable and efficient crop 
protection strategies. 
 

Keywords: NAHP, Neutrosophic, Pests, Crop, Plantain, Prioritization, Multicriteria Analysis, Expert Judgment, Inte-
grated Management, Agriculture, Uncertainty, Indeterminacy, Sustainability, Neutrosophic Logic, AHP. 
 
1. Introduction 

 

Plantain cultivation is a key agricultural activity in tropical countries due to its nutritional and economic 
value. However, its sustainability is seriously threatened by pests, which reduce both yield and quality, 
causing major financial losses. Addressing these risks requires analytical tools to prioritize pest threats 
objectively. This study applies the Neutrosophic Analytic Hierarchy Process (NAHP) to rank plantain pests 
under uncertainty [1]. Traditional pest control has relied on empirical knowledge and, more recently, on 
integrated management systems. The Green Revolution increased agrochemical use, improving control but 
causing resistance and environmental issues [2,3]. Pests like the black weevil, nematodes, and thrips con-
tinue to pose major challenges. NAHP provides a structured approach for more effective and sustainable 
decision-making in plantain crop protection[4]. 
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Figure 1. Plantain field at the Lodana extension campus of Universidad Técnica de Manabí (UTM). 
 

The need for decision-support systems that can manage intricate and unpredictable situations is increas-
ing in the quest for sustainable agriculture. Plantain pest prioritization is still difficult because of the un-
predictability of the environment and the shortcomings of conventional techniques. Most methods, partic-
ularly those grounded in field experience, suffer from ambiguity. Despite its widespread use, AHP is una-
ble to represent truth and ambiguity simultaneously. The Neutrosophic Analytic Hierarchy Process 
(NAHP) is suggested as a solution to this problem. By evaluating expert opinions in the face of uncertainty, 
NAHP assists in prioritizing pests according to their impact, frequency, and complexity of control [4]. 

Neutrosophic logic [5], the theoretical basis of NAHP, is based on the ability to consider simultaneous 
degrees of truth, indeterminacy, and falsity, which broadens the analytical horizon compared to traditional 
methodologies. This flexibility is especially useful in agroecological contexts where objective data are scarce 
and decisions depend on expert interpretations, often subjective. Thus, the methodological proposal of this 
work contributes to a more comprehensive analysis adapted to the reality of farmers. In contrast to classic 
prioritization models, the neutrosophic approach captures the complexity of human perceptions without 
forcing the certainty of judgments. In systems such as agriculture, where multiple environmental, social, 
and technical factors influence, this quality is decisive. Furthermore, it facilitates the integration of local 
and technical knowledge, which strengthens decision-making in farming communities with limited re-
sources [5]. Recent studies highlight the usefulness of multi-criteria methods in agriculture to support stra-
tegic planning and risk management [6]. However, very few consider tools capable of formally managing 
uncertainty. The implementation of NAHP in the context of plantain cultivation not only represents a meth-
odological innovation, but also a tangible solution for improving efficiency in phytosanitary management, 
optimizing resources, and reducing negative impacts on the environment [7]. 

The objectives of this research are: (I) to apply the Neutrosophic Analytic Hierarchy Process (AHP) to 
evaluate and prioritize the main pests affecting plantain crops; (II) to compare the results obtained with 
traditional multicriteria analysis approaches; and (III) to propose practical recommendations to guide tech-
nicians, farmers, and agricultural policymakers in implementing more effective management strategies. 
These objectives will allow for the development of a robust and relevant proposal to address the need for 
informed decisions in the protection of this strategic crop. 
 
2. Preliminaries 

 
The neutrosophic set, introduced by Florentin Smarandache, extends traditional set theory beyond bi-

nary logic (true/false) by including a third logical state: indeterminacy, allowing elements to be simultane-
ously true, false, and indeterminate. This approach aligns better with real-world complexity, explicitly 
modeling uncertainty and contradiction unlike fuzzy or interval sets, making it valuable for handling 
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ambiguity in human decisions, especially in artificial intelligence and decision-making systems like medi-
cal diagnosis. Although it faces criticism for its potential complexity, neutrosophic theory offers a robust 
tool to faithfully represent ambiguous phenomena, raising philosophical questions about knowledge and 
truth, and opening new frontiers for more adaptive algorithms by enabling a more accurate representation 
of uncertainty in data and automated decisions. In summary, it represents a significant advance that pro-
motes a deeper understanding of ambiguity and uncertainty, facilitating more flexible approaches that bet-
ter reflect real-world complexity[5]. 

 
Definition 1 ([8-10]) : Let 𝑈 be a universe of discourse, and 𝐴  ⊂ 𝑈. 

A neutrosophic set A is characterized by three membership functions: 𝑇𝐴: 𝑈 →, ]−0, 1+[ (truth membership function) 𝐼𝐴: 𝑈 →, ]−0, 1+[ (indeterminacy membership function) 𝐹𝐴: U →, ]−0, 1+[ (falsity membership function) 

where →, ]−0, 1+[ denotes standard or non-standard real subsets of , ]−0, 1+[ 
Therefore, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) can be subintervals of [0,1] 

For ∀𝑥 ∈  𝑈: 0− ≤ sup𝑇𝐴(𝑥) + sup 𝐼𝐴(𝑥) + sup𝐹𝐴(𝑥) ≤ 3+ 

See that, by definition, T𝐴(x), I𝐴(x) and F𝐴(x) are standard or nonstandard real subsets of ]⁻0,1⁺[, and 
hence T𝐴(x), I𝐴(x) and F𝐴(x) can be subintervals of [0,1]. 

⁻0 and 1⁺ belong to the set of hyperreal numbers. 

Definition 2  [8-10] (Single-Valued Neutrosophic Set - SVNS) 

Let U be a universe of discourse and A ⊂ U. 

A single-valued neutrosophic set (SVNS) A is defined as: 

A = {⟨x, T𝐴(x), I𝐴(x), F𝐴(x)⟩: x ∈ U} 

where T𝐴, I𝐴, F𝐴: U → [0,1] 

and for all x ∈ U: 0 ≤ T𝐴(x) + I𝐴(x) + F𝐴(x) ≤ 3 

The number, ã = 〈(a1, a2. a3); αã, βã, γã〉, is a neutrosophic set in ℝ, whose truth, indeterminacy, and fal-

sity membership functions are defined as follows[8-10]: 

Tã(x) = {  
  αã( x−a1a2−a1),a1≤x≤a2αã,x=a2αã( a3−xa3−a2), a2<𝑥≤a30, otherwise   (1) 

Iã(x) = {  
  (a2−x+βã(x−a1))a2−a1 , a1 ≤ x ≤ a2βã, x = a2(x−a2+βã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise

   (2) 

Fã(x) = {  
  (a2−x+γã(x−a1))a2−a1 , a1 ≤ x ≤ a2γã,x = a2(x−a2+γã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise   (3) 
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Where αã, βã, γã ∈ [0, 1],a1,  a2, a3 ∈ ℝ and a1 ≤ a2 ≤ a3. 

Definition 3 ([8-10] ) : Givenã =  〈(a1, a2, a3); αã, βã, γã〉 andb̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉 two single-valued 
triangular neutrosophic numbers and any non-zero number on the real line. Then, the following opera-
tions are defined: 

1. Addition: ã + b̃ = 〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  (4) 

2. Subtraction:  ã − b̃ = 〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  (5) 

3. Inverse: ã−1 = 〈(a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0.   (6) 

4. Multiplication by a scalar number: 

λã = {〈(λa1, λa2, λa3); αã, βã, γã〉, λ > 0〈(λa3, λa2, λa1); αã, βã, γã〉, λ < 0    (7) 

5. Division of two triangular neutrosophic numbers: 

ãb̃ = {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 and b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 < 0   (8) 

6. Multiplication of two triangular neutrosophic numbers: 

ãb̃ = {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  a3 > 0 and b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 < 0  (9) 

 
Where,∧ it is a t-norm ∨ it is a t-conorm. 
The AHP technique begins with the designation of a hierarchical structure, where the elements at the 

top of the tree are more generic than those at the lower levels. The main leaf is unique and denotes the 
objective to be achieved in decision-making. 

The level immediately below this contains the sheets representing the criteria. The sheets corresponding 
to the sub-criteria appear immediately below this level, and so on. The level below this level represents the 
alternatives. 

A square matrix is then formed that represents the opinion of the expert or experts and contains the 
pairwise comparison of the assessments of the criteria, sub-criteria, and alternatives. 

TL Saaty, the founder of the original method, proposed a linguistic scale that appears in Table 1. 
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Table 1. Intensity of importance according to the classic AHP. Source [11-13]. 

 

Intensity of im-

portance on an ab-

solute scale 

Definition Explanation 

1 Equal importance 
Two activities contribute equally to the 

objective. 

3 
Moderate importance of 

one over the other 
Experience and judgment strongly favor 

one activity over another. 

5 
Importance is essential or 

strong 
Experience and judgment strongly favor 

one activity over another. 

7 importance very strong 
The activity is strongly favored, and its 

mastery is demonstrated in practice. 

9 Extremely important 
The evidence that favors one activity 

over another is of the highest order of af-
firmation possible. 

2, 4, 6, 8 
Intermediate values be-
tween the two adjacent 

judgments. 
When comprehension needed  

Reciprocals 
If activity 𝒊. has one of the above numbers assigned compared to activ-

ity j, then j has the reciprocal value compared to 𝒊. 
On the other hand, Saaty established that the Consistency Index (CI) should depend on max, the maximum 

eigenvalue of the matrix. He defined the equation CI = λmax−nn−1 , where n is the order of the matrix. He also 

defined the Consistency Ratio (CR) with the equation CR = CI/RI, where RI is given in Table 2. 
 
 

Table 2: RI associated with each order. 

 

Order (n) 1 2 3 4 5 6 7 8 9 10 

Rhode Island 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

If CR10%we can consider that the experts' assessment is sufficiently consistent and therefore we can 
proceed to use AHP. 

The objective of the AHP is to rank the criteria, sub-criteria, and alternatives according to a score. It can 
also be used in group decision-making problems. If this is the purpose, Equations 10 and 11 should be 
taken into account, where the expert's weight is evaluated based on their authority, knowledge, experience, 
etc. 

x̅ = (∏ xiwini=1 )1 ∑ wini=1⁄
     (10) 

If ∑ wini=1 = 1, that is, when the expert's weights add up to one, Equation 4 becomes Equation 5, 

x̅ = ∏ xiwini=1      (11) 
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In [14], AHP was hybridized with neutrosophic set theory. This method of simulating uncertainty in 

decision-making is more adaptable. When making organizational decisions in the actual world, indetermi-
nacy is a necessary component that must be assumed. The Saaty scale's adaption to the neutrosophic field 
is seen in Table 3. 

 
Table 3. Saaty Neutrosophic Triangular Scale 

 

SAATY 

SCALE 

TRUTH 

(T) 

INDETERMI-

NACY (I) 

FALSITY 

(F) 

NEUTROSOPHIC TRIANGU-

LAR SCALE 

1 0.5 0.5 0.5 ⟨(1,1,1);0.50,0.50,0.50⟩ 
2 0.4 0.65 0.6 ⟨(1,2,3);0.40,0.65,0.60⟩ 
3 0.3 0.75 0.7 ⟨(2,3,4);0.30,0.75,0.70⟩ 
4 0.6 0.35 0.4 ⟨(3,4,5);0.60,0.35,0.40⟩ 
5 0.8 0.15 0.2 ⟨(4,5,6);0.80,0.15,0.20⟩ 
6 0.7 0.25 0.3 ⟨(5,6,7);0.70,0.25,0.30⟩ 
7 0.9 0.1 0.1 ⟨(6,7,8);0.90,0.10,0.10⟩ 
8 0.85 0.1 0.15 ⟨(7,8,9);0.85,0.10,0.15⟩ 
9 1 0 0 ⟨(9,9,9);1.00,0.00,0.00⟩ 

Table 3 represents the adaptation of the Saaty scale into a neutrosophic framework by incorporating 
three components: Truth (V), Indeterminacy (I), and Falsity (F). Lower Saaty values (e.g., 2–3) show higher 
levels of indeterminacy and falsity, reflecting greater ambiguity in expert judgments. As the scale increases 
(toward 7–9), the truth component increases, while indeterminacy and falsity decrease, indicating stronger 
and more confident preferences. The triangular values provide a fuzzy representation of the comparison, 
while the neutrosophic components capture uncertainty. This structure enhances decision-making models 
by reflecting both quantitative intensity and qualitative ambiguity [16, 17]. 

 

Figure 2. Neutrosophic Triangular Scale Adaptation of the Saaty Scale.  
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The neutrosophic adaptation of the Saaty scale shows that Truth (T) overall increases as the preference 

value goes from 1 to 9, peaking at scale 9. In the lower section (especially scales 2–3) Indeterminacy (I) and 
Falsity (F) are highest, indicating that weak or moderate pair‑wise judgments are the most ambiguous. 
From scales 4 to 7, Truth progressively overtakes I and F, which decline, reflecting more confident compar-
isons. By scale 9, Truth reaches certainty (T = 1) while both I and F collapse to zero, signifying maximum 
confidence and virtually no ambiguity[19]. 

The pairwise neutrosophic comparison matrix is defined in Equation 12. 

Ã =  [ 1̃ ã12 ⋯ ã1n⋮ ⋱ ⋮ãn1 ãn2 ⋯ 1̃ ]                                  (12) 

Ã satisfies the condition ãji = ãij−1, according to the inversion operator defined in Definition 3. 

In Abdel‑Basset et al. (2017)[20]  two measures are introduced to transform a single‑valued triangular 
neutrosophic number: 

Score index 

S(ã) = 18 [a1 + a2 + a3](2 + αã−βã − γã) (13) 

Accuracy index 

A(ã) = 18 [a1 + a2 + a3](2 + αã−βã + γã) (14) 

The score provides an overall tendency toward truth, whereas the accuracy refines the ordering of 
SVTNNs that share the same score by rewarding lower indeterminacy. 

 
Pseudocode 1: NAHP Algorithm (Neutrosophic Analytic Hierarchy Process) 

Input: 

- C: Set of criteria 
- SC: Set of subcriteria 
- A: Set of alternatives 
- E: Set of experts (optional) 
- NS: Neutrosophic triangular scale 
Start: 

1. Construct the AHP hierarchy tree including goal, criteria, subcriteria, and 
alternatives. 
2. For each hierarchical level (criteria, subcriteria, alternatives): 
a. Collect expert judgments using the neutrosophic triangular scale (NS). 
b. Build the pairwise comparison matrix Ã with SVN values. 
3. For each matrix Ã: 
a. Convert neutrosophic values into a crisp matrix A using Equation 13 or 14. 
b. Evaluate the consistency of matrix A: 
If Consistency(A) > allowed threshold: 
→ Request revision of expert judgment. 
End If 
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4. Compute the weight vector w = [w₁, w₂, ..., wₙ] using the classic AHP method 
on matrix A. 
5. If multiple experts are involved: 
a. For each element i of the weight vector: 
Calculate w̅ᵢ = weighted geometric mean of expert weights (using Eqs. 10 and 
11). 
6. Combine weight vectors across levels to obtain the global priority of each al-
ternative. 
7. Rank the alternatives according to their global weights (final priority order). 
Output: 
- Ranked alternatives based on neutrosophic AHP evaluation. 

2.2. Pests in Plantain Cultivation. 

 
Plantain cultivation is vital for food security and income in tropical regions but is severely threatened 

by persistent pest attacks. Common pests like the black weevil, nematodes, and thrips cause significant 
damage and adapt quickly to conventional controls. The overuse of agrochemicals has led to resistance, 
reducing treatment effectiveness. This calls for a shift toward more preventive and integrated pest man-
agement strategies. Relying solely on chemical solutions is no longer sustainable. [21]. 

Pest pressure in plantain cultivation goes beyond yield loss, impacting the entire value chain through 
increased costs and market rejections. These effects make pest management a strategic issue tied to agri-
cultural policy and rural development. Poor practices can disrupt agroecosystem biodiversity, leading to 
ecological imbalance. Eliminating beneficial organisms weakens natural defenses and fosters new infesta-
tions. As a result, integrated pest management (IPM), combining cultural, biological, genetic, and chemical 
methods, is increasingly promoted for sustainable control. [18]. 

However, the effective application of IPM in plantain crops presents particular challenges. Ecological 
variability between regions, a lack of technical training in rural areas, and a lack of specific studies on pest 
dynamics in this crop hinder the implementation of effective programs [20]. This is compounded by the 
difficulty of prioritizing different phytosanitary threats, which limits the efficient allocation of resources 
and efforts. A key tool for addressing this problem is the use of multicriteria models that allow pests to be 
evaluated and ranked according to their actual and potential impact. Methods such as the Analytic Hier-
archy Process (AHP) and its more recent variants, including the neutrosophic approach (NAHP), offer a 
rigorous alternative for structuring decisions in contexts of uncertainty. 

 By combining expert judgments and technical criteria, a more robust and contextualized evaluation 
framework can be established [22]. The use of these analytical approaches not only facilitates pest prioriti-
zation but also contributes to better communication between stakeholders in the agricultural system: farm-
ers, technicians, researchers, and policymakers. By providing an objective basis for decision-making, the 
margin of error is reduced, and the efficient use of inputs and technologies is increased. These types of 
tools are especially relevant in resource-limited contexts, where each intervention must be carefully justi-
fied. 

In parallel, scientific research plays a crucial role in deepening our understanding of pest infestation 
and spread mechanisms. Recent studies have shown that climatic factors, such as rising temperatures and 
rainfall variability, can alter insect life cycles and migration patterns, thus increasing the complexity of the 
problem [23]. This phenomenon requires integrating the climate dimension into phytosanitary analyses, 
adapting control strategies to new environmental realities. Furthermore, technology transfer must be 
strengthened to ensure that scientific advances effectively reach farmers. Continuous training, access to 
timely information, and coordination between research institutions and farming communities are funda-
mental elements for the successful implementation of any pest management strategy. Without this bridge 
between knowledge and practice, solutions developed in laboratories are unlikely to have a real impact on 
the field. In short, pests in plantain crops represent a complex problem that requires innovative, interdisci-
plinary, and adaptive approaches. The solution lies not in a single formula, but in the integration of 
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knowledge, technologies, and policies that enable smarter and more sustainable management. Strengthen-
ing applied research, promoting the use of prioritization models such as the NAHP, and improving com-
munication among system actors are key steps to reducing losses, protecting biodiversity, and ensuring 
food security in plantain-producing regions [24,25,26]. 

 
3. Results and Discussion. 

3.1. Applied methodology 

The objective of this section is to present the results obtained by applying the Neutrosophic Analytic 
Hierarchy Process (NAHP) to prioritize pests affecting plantain crops, as well as to discuss their implica-
tions for phytosanitary management. Four representative pests were selected based on their documented 
impact in the agricultural literature: 

• P1: Black palm weevil (Cosmopolites sordidus), a beetle that damages the rhizome and reduces 

yield. 

• P2: Nematodes (various species), soil parasites that affect roots. 

• P3: Thrips (Frankliniella spp.), insects that damage leaves and fruits. 

• P4: Mites (Tetranychus spp.), arachnids that cause physiological stress in plants. 

The evaluation criteria were: 
• C1: Economic damage (monetary losses due to reduced performance and quality). 

• C2: Frequency of appearance (seasonal or annual incidence in plantations). 

• C3: Difficulty of control (resistance to treatments and complexity of management). 

Three agricultural experts with over 10 years of experience in plantain cultivation participated in the 
study. Each expert was given equal weight (w i = 1/3), assuming their knowledge and authority were com-
parable. The NAHP process was implemented in the following steps: 

 
Table 4. Procedure for Applying the NAHP Method to Prioritize Pests under Neutrosophic Criteria 

 

• Design of a hierarchical tree to prioritize pests, the criteria (C1, C2, C3), and the alternatives (P1, 
P2, P3, P4). 

• Construction of pairwise comparison matrices for each criterion, using the neutrosophic 
scale in Table 3. 

• Converting neutrosophic values to crisp values using the accuracy equation 

• Aa=([𝑎1+𝑎2+𝑎3](2+𝛼𝑎−𝛽𝑎+𝛾𝑎))8  

• Checking the consistency of arrays (𝐶𝑅 ≤ 0.10) using the consistency index (𝐶𝐼 =(𝜆𝑚𝑎𝑥 − 𝑛)/(𝑛 − 1) and the consistency ratio (𝐶𝑅 = 𝐶𝐼𝑅𝐼),with RI=0.89 for n=4 

• Calculation of local weights by criterion and global weights using weighted geometric 
averages 

• x̅ = (∏ xiwini=1 )1 ∑ wini=1⁄
(4) 
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3.2. Pairwise comparison matrices 

The complete pairwise comparison matrices for each criterion and expert are presented below, ex-
pressed in neutrosophic terms according to the scale in Table 3. 

3.2.1. Criterion C1: Economic damage 

Expert opinions on the relative effects of different pests in plantain farming are compiled in the Com-
bined NAHP Neutrosophic Matrix for Criterion C1: Economic Damage. In each comparison, truth, inde-
terminacy, and falsity are captured using neutrosophic triangle values. This matrix makes it possible to 
prioritize pest management actions using an organized and uncertainty-aware methodology. 

 
Table 4. Combined NAHP Neutrosophic Matrix (C1: Economic Damage) 

 

Pairwise Comparison (P1, 

P2, P3, P4) 
Expert 1 Expert 2 Expert 3 

P1 vs P1 (1,1,1) (1,1,1) (1,1,1) 

P1 vs P2 (4,5,6) (3,4,5) (5,6,7) 

P1 vs P3 (6,7,8) (5,6,7) (7,8,9) 

P1 vs P4 (9,9,9) (7,8,9) (9,9,9) 

P2 vs P1 (1/6,1/5,1/4) (1/5,1/4,1/3) (1/7,1/6,1/5) 

P2 vs P2 (1,1,1) (1,1,1) (1,1,1) 

P2 vs P3 (2,3,4) (1,2,3) (3,4,5) 

P2 vs P4 (4,5,6) (3,4,5) (5,6,7) 

P3 vs P1 (1/8,1/7,1/6) (1/7,1/6,1/5) (1/9,1/8,1/7) 

P3 vs P2 (1/4,1/3,1/2) (1/3,1/2,1) (1/5,1/4,1/3) 

P3 vs P3 (1,1,1) (1,1,1) (1,1,1) 

P3 vs P4 (2,3,4) (2,3,4) (1,2,3) 

P4 vs P1 (1/9,1/9,1/9) (1/9,1/8,1/7) (1/9,1/9,1/9) 

P4 vs P2 (1/6,1/5,1/4) (1/5,1/4,1/3) (1/7,1/6,1/5) 

P4 vs P3 (1/4,1/3,1/2) (1/4,1/3,1/2) (1/3,1/2,1) 

P4 vs P4 (1,1,1) (1,1,1) (1,1,1) 

 

Criterion C1: Economic Damage: The Combined NAHP Neutrosophic Matrix collects expert opinions 
by comparing pests P1 through P4 pairwise. Triangular numbers with neutrosophic values (V, I, and F) are 
used in each comparison to represent untruth, uncertainty, and preference. This is particularly helpful in 
agriculture, where experts have differing opinions about the impact of pests. With high certainty, the ma-
trix indicates a substantial preference for P1 over P2. The neutrosophic aggregation process is supported 
by the consistency of the assessments. It establishes the framework for determining pest management pri-
ority weights. 

From a methodological standpoint, this matrix demonstrates how NAHP may manage subjective as-
sessments in the face of uncertainty. Expert preference patterns can be found using the visual depiction, 
which highlights points of agreement and disagreement. It provides a strong basis for transforming judg-
ments into precise values by combining triangular and neutrosophic values. This makes it possible to create 
an aggregated matrix, determine priority weights, and verify overall consistency. The relative relevance of 
each pest is ascertained with the aid of these weights. Therefore, in integrated pest management for plan-
tain cultivation, the combined matrix becomes a crucial instrument for decision-making. 
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3.2.2. Criterion C2: Frequency of occurrence 

 
Table 5: Combined NAHP Neutrosophic Matrix (C2: Frequency of Occurrence) 

 

Pairwise Compar-

ison (P1, P2, P3, 

P4) 

Expert 1 Expert 2 Expert 3 

P1 vs P1 (1,1,1) (1,1,1) (1,1,1) 

P1 vs P2 (2,3,4) (3,4,5) (1,2,3) 

P1 vs P3 (5,6,7) (4,5,6) (5,6,7) 

P1 vs P4 (7,8,9) (6,7,8) (7,8,9) 

P2 vs P1 (1/4,1/3,1/2) (1/5,1/4,1/3) (1/7,1/6,1/5) 

P2 vs P2 (1,1,1) (1,1,1) (1,1,1) 

P2 vs P3 (3,4,5) (2,3,4) (3,4,5) 

P2 vs P4 (5,6,7) (4,5,6) (5,6,7) 

P3 vs P1 (1/7,1/6,1/5) (1/6,1/5,1/4) (1/9,1/8,1/7) 

P3 vs P2 (1/5,1/4,1/3) (1/4,1/3,1/2) (1/5,1/4,1/3) 

P3 vs P3 (1,1,1) (1,1,1) (1,1,1) 

P3 vs P4 (2,3,4) (3,4,5) (2,3,4) 

P4 vs P1 (1/9,1/8,1/7) (1/8,1/7,1/6) (1/9,1/8,1/7) 

P4 vs P2 (1/7,1/6,1/5) (1/6,1/5,1/4) (1/7,1/6,1/5) 

P4 vs P3 (1/4,1/3,1/2) (1/5,1/4,1/3) (1/4,1/3,1/2) 

P4 vs P4 (1,1,1) (1,1,1) (1,1,1) 

 
Three experts' pairwise comparisons of the prevalence of four primary pests affecting plantain crops 

are shown in the Combined NAHP Neutrosophic Matrix (C2: prevalence of Occurrence). Fuzzy triangular 
values are used to express each comparison, enabling the expression of pest preference intensity. The self-
comparison neutrality is reflected in the consistency between diagonal entries (e.g., P1 vs. P1). Comparisons 
involving P1 (Weevil) have higher values, indicating that it is thought to be the most common pest. Differ-
ent expert opinions indicate varying degrees of certainty, which is crucial for neutrosophic analysis. Over-
all, this matrix enhances the decision-making process for setting pest management priorities by capturing 
both expert-based uncertainty and comparative importance. 

 
3.2.3. Criterion C3: Difficulty of control 

 
Table 6: Combined NAHP Neutrosophic Matrix (C3: Difficulty of Control) 

 

Pairwise Compari-

son (P1, P2, P3, P4) 
Expert 1 Expert 2 Expert 3 

P1 vs P1 (1,1,1) (1,1,1) (1,1,1) 
P1 vs P2 (3,4,5) (4,5,6) (2,3,4) 
P1 vs P3 (5,6,7) (6,7,8) (5,6,7) 
P1 vs P4 (7,8,9) (9,9,9) (9,9,9) 
P2 vs P1 (1/5,1/4,1/3) (1/6,1/5,1/4) (1/4,1/3,1/2) 
P2 vs P2 (1,1,1) (1,1,1) (1,1,1) 
P2 vs P3 (2,3,4) (2,3,4) (3,4,5) 
P2 vs P4 (4,5,6) (3,4,5) (5,6,7) 
P3 vs P1 (1/7,1/6,1/5) (1/8,1/7,1/6) (1/7,1/6,1/5) 
P3 vs P2 (1/4,1/3,1/2) (1/3,1/2,1) (1/5,1/4,1/3) 
P3 vs P3 (1,1,1) (1,1,1) (1,1,1) 
P3 vs P4 (3,4,5) (2,3,4) (2,3,4) 
P4 vs P1 (1/9,1/8,1/7) (1/9,1/9,1/9) (1/9,1/8,1/7) 
P4 vs P2 (1/6,1/5,1/4) (1/5,1/4,1/3) (1/7,1/6,1/5) 
P4 vs P3 (1/5,1/4,1/3) (1/4,1/3,1/2) (1/3,1/2,1) 
P4 vs P4 (1,1,1) (1,1,1) (1,1,1) 
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The bar chart illustrates the local weights assigned by each expert to the four pests under C1: Economic 

Damage. P1 (Weevil) stands out as the most economically damaging pest, receiving the highest scores from 
all three experts. P2 (Nematodes) follows with moderate weight, indicating it is a concern but to a lesser 
extent. P3 (Trips) and P4 (Mites) received significantly lower values, reflecting their relatively minor eco-
nomic impact. The consistency across experts supports the robustness of the evaluation. Small variations 
indicate personal judgment differences, but do not affect the overall prioritization. This visualization rein-
forces the critical need to focus control efforts on P1 and P2. 
 

 
Figure 3. Local Weight by pest and expert (C1: Economic Damage) 

3.3. Conversion to crisp values and consistency calculation 

For each matrix, the neutrosophic values were converted to crisp values using equation A(a). The de-
tailed calculation for Expert 1's matrix in C1 (Economic Damage) is shown below: 

• 𝐴 (1) = [1+1+1](2+0.50−0.50+0.50)8  = 18 ⋅ 3 ⋅ 2.5 = 0.9375 

• 𝐴 (5) = [4+5+6](2+0.80−0.15+0.20)8  = 18 ⋅ 15 ⋅ 2.85 = 5.34375 

• 𝐴 (7) = [6+7+8](2+0.90−0.10+0.10)8  = 7.6125 

• 𝐴 (9) = [9+9+9](2+1.00−1.00+1.00)8  = 10.125 

• 𝐴 (15) = 
[16+15+14](2+0.80−0.15+0.20)8  = 0.2198 

 

Table 7. Conversion to crisp values and consistency calculation 

  P1 P2 P3 P4 

P1 0.9375 5.3438 7.6125 10.125 
P2 0.2198 0.9375 2.8125 5.3438 
P3 0.1232 0.3333 0.9375 2.8125 
P4 0.0988 0.2198 0.3333 0.9375 
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Consistency: 

• Eigenvector: [0.614, 0.224,0.102, 0.060] (normalized). 

• 𝜆max =  4.12 𝐶𝐼 = 4.12−4 (4 − 1) = 0.04 𝐶𝑅 = 0.040.89 = 0.045 < 0.10 (consistent). 

This process was repeated for all matrices, confirming that all have CR<0.10. 

3.4. Local and global weights 

The local weights for each criterion and expert were calculated from the crisp matrices. The results are 
presented below: 

Table 8. Local weights by criterion and expert 

Criterion Plague Expert 1 Expert 2 Expert 3 

    Weight Weight Weight 

C1: Economic damage P1 (Weevil) 0.614 0.583 0.625 

C1: Economic damage P2 (Nematodes) 0.224 0.218 0.231 

C1: Economic damage P3 (Trips) 0.102 0.121 0.094 

C1: Economic damage P4 (Mites) 0.06 0.078 0.05 

C2: Frequency P1 (Weevil) 0.553 0.571 0.526 

C2: Frequency P2 (Nematodes) 0.267 0.245 0.286 

C2: Frequency P3 (Trips) 0.112 0.128 0.108 

C2: Frequency P4 (Mites) 0.068 0.056 0.08 

C3: Difficulty P1 (Weevil) 0.571 0.625 0.543 

C3: Difficulty P2 (Nematodes) 0.245 0.198 0.267 

C3: Difficulty P3 (Trips) 0.128 0.112 0.121 

C3: Difficulty P4 (Mites) 0.056 0.065 0.069 

 
The table displays the local weights that three experts awarded to four plantain pests based on three 

evaluation criteria: frequency, economic impact, and control complexity. P1 (Weevil) regularly earns the 
highest weights across all categories, suggesting that its essential impact is widely perceived. Experts are 
moderately concerned about P2 (nematodes), which comes in second. Lower weights are assigned to P3 
(trips) and P4 (mites), indicating that they are generally viewed as less dangerous. Expert opinions under 
C1 (Economic Damage) and C3 (Difficulty) are very similar, particularly with regard to P1. Subjective var-
iances are reflected in minor fluctuations in expert evaluations, but the prioritizing remains mostly same. 
The basis for determining global priorities is provided by these local weights. Consistency among special-
ists improves the dependability of later decisions about pest control tactics. 
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Figure 4. Local Weight by plague, criterion, and expert 

The graph illustrates the local weights assigned by three experts to four pest types under three key 
criteria: economic damage, frequency, and difficulty of control. Across all criteria, P1 (Weevil) consistently 
receives the highest weight, reflecting its perceived dominance as the most harmful pest. P2 (Nematodes) 
follows with moderate weights, especially under the difficulty criterion, where Expert 2 rates it even higher 
than P1. P3 (Trips) and P4 (Mites) receive the lowest weights overall, indicating that experts agree they 
pose a lesser threat. The similarity in expert evaluations suggests a high degree of consensus, particularly 
in the economic damage and frequency categories. Minor variations—such as Expert 3 slightly elevating 
P2—highlight nuanced differences in expert judgment. The balanced distribution of values reinforces the 
robustness of the multicriteria evaluation. Overall, the chart supports the prioritization of P1 and P2 for 
targeted pest management interventions. 

Overall weights: Equal importance was assumed for the criteria (C1: 0.33, C2: 0.33, C3: 0.33). The final 
weights were calculated as the weighted average of the experts: 

 
• P1:0.614 ⋅ 1/3 + 0.583 ⋅ 1/3 + 0.625 ⋅ 1/3) ⋅ 0.33 + (0.553 ⋅ 1/3 + 0.571 ⋅ 1/3 + 0.526 ⋅ 1/3) ⋅0.33 + (0.571 ⋅ 1/3 + 0.625 ⋅ 1/3 + 0.543 ⋅ 1/3) ⋅ 0.33 = 0.574  
• 𝑃2: 0.241 0.241 0.241 
• 𝑃3: 0.113 0.113 0.113 
• 𝑃4: 0.064 0.064 0.064 

 

Table 9. Final overall weights 

Plague Weight C1 Weight C2 Weight C3 
Global 

weight 

P1 (Weevil) 0.607 0.55 0.58 0.574 

P2 (Nematodes) 0.224 0.266 0.237 0.241 

P3 (Trips) 0.106 0.116 0.12 0.113 
P4 (Mites) 0.063 0.068 0.063 0.064 

Hierarchy: P1 > P2 > P3 > P4. 
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The table presents the local weights of four pests evaluated under three criteria — C1 (Economic Dam-

age), C2 (Frequency), and C3 (Difficulty) — along with their global weight. P1 (Weevil) consistently shows 
the highest scores across all criteria, culminating in the highest global weight (0.574), confirming its critical 
importance in pest management strategies. P2 (Nematodes) ranks second but at a noticeably lower global 
weight (0.241), suggesting it is important but less threatening than P1. P3 (Trips) and P4 (Mites) have minor 
contributions, with very similar low global weights, indicating they are lesser priorities. This prioritization 
allows decision-makers to allocate resources more efficiently toward the pests posing the greatest overall 
risk. 

3.5. Discussion of the results 

 
The results show that the black palm weevil (P1) is the priority pest, with an overall weight of 0.574, 

followed by nematodes (P2 , 0.241), thrips (P3 , 0.113), and mites (P4 , 0.064). This order reflects the experts' 
perception of the economic impact, frequency, and difficulty of control of these pests, aligning with previ-
ous studies that highlight the black palm weevil as a critical threat due to its ability to destroy the rhizome 
and its resistance to conventional treatments. The NAHP allowed capturing this complexity by integrating 
uncertainty in expert judgments, reflected in variations between matrices (e.g., Expert 3 assigned lower 
relative importance to the weevil in C2 compared to the others). 

The economic damage criterion (C 1 ) had a significant weight in the prioritization of the weevil, with 
consistent values between 0.583 and 0.625, which underlines its impact on crop profitability. In contrast, 
the frequency of appearance (C 2 ) showed greater variability (0.526–0.571 for P 1 ), suggesting regional or 
seasonal differences in the experts' perception. The difficulty of control (C 3 ) reinforced the position of the 
weevil, with high weights (up to 0.625), probably due to its resistance to insecticides and the need for inte-
grated methods such as pheromone traps. 

Compared with classical AHP, NAHP offers advantages in modeling indeterminacy in assessments, 
which is crucial in agricultural contexts where objective data are limited. For example, neutrosophic scaling 
allowed experts to express ambiguity in comparisons such as P 1 vs. P 2 in C 2 , where Expert 3 used 2 versus 
3 of the others, reflecting uncertainty about relative frequency. This flexibility improves the robustness of 
prioritization against methods that force absolute certainty. 

However, the NAHP is not without limitations. The reliance on expert judgments introduces subjectiv-
ity, and the consistency of the matrices (all CR<0.10 CR < 0.10 CR < 0.10 ) could be an artifact of the scale 
used. Furthermore, the small number of experts (three) limits generalizability; a larger panel might reveal 
greater diversity in perceptions. Despite this, the results are consistent with the literature and provide a 
solid basis for management strategies. 

3.6. Analysis of the relationship between variables and recommendations 

Relationship between variables: 
• Economic Damage (C1) and Difficulty of Control (C3): There is a strong positive correlation 

with the weights of the black palm weevil (0.607 and 0.580), indicating that the costliest pests 

tend to be the most difficult to manage. 

• Frequency of occurrence (C2): Its influence is moderate (0.550 for P1), suggesting that less fre-

quent but destructive pests (such as nematodes) are also relevant. 

• The interaction between criteria shows that management should prioritize pests with a high 

combination of damage and resistance, rather than just their presence. 
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Recommendations: 
• Black palm weevil control: Implement pheromone traps, crop rotation, and removal of in-

fected waste, given its dominant weight (0.574). 

• Nematode management: Soil monitoring and use of resistant varieties, considering their sig-

nificant impact (0.241). 

• Training: Train farmers in the NAHP for local decisions, integrating empirical knowledge. 

• Sustainability: Reduce agrochemicals, prioritizing biological methods for thrips and mites 

(low weights), optimizing resources. 

4. Conclusion 
 
The application of the Neutrosophic Analytic Hierarchy Process (NAHP) in this study has allowed to 

effectively prioritize the pests that affect the plantain crop, identifying the black weevil (Cosmopolites sor-
didus) as the most critical threat with an overall weight of 0.574, followed by nematodes (0.241), thrips 
(Frankliniella spp., 0.113) and mites (Tetranychus spp., 0.064). This ranking, based on the criteria of eco-
nomic damage, frequency of occurrence, and difficulty of control, reflects the perception of three agricul-
tural experts and aligns with scientific evidence that underlines the devastating impact of the black palm 
weevil on crop productivity and sustainability. The results confirm that the NAHP is a robust and versatile 
tool for decision-making in complex agricultural contexts, overcoming the limitations of traditional meth-
ods such as the classic AHP by incorporating the uncertainty and indeterminacy inherent in human judg-
ment. The analysis demonstrates that the black palm weevil stands out for its combination of high economic 
damage and resistance to control, making it the priority focus for phytosanitary management strategies. 
Nematodes, although less dominant, also require significant attention due to their persistence and effects 
on roots, while thrips and mites, with significantly lower weights, can be addressed with less intensive 
measures. The NAHP's ability to model these differences using a trichotomous neutrosophic scale (truth, 
indeterminacy, falsity) has enabled more nuanced and realistic prioritization, capturing the ambiguity pre-
sent in expert assessments and offering a viable alternative to approaches that assume absolute certainty. 

This study validates the potential of the NAHP as a methodological advancement in pest management, 
providing a structured basis for optimizing resources and promoting sustainable practices in plantain cul-
tivation. The integration of neutrosophic logic not only improves the accuracy of the ranking but also opens 
the door to its application to other agricultural problems where information is incomplete or contradictory. 
However, the reliance on a limited number of experts and the inherent subjectivity of their judgments sug-
gests the need for future research that expands the evaluation panel and complements the results with 
quantitative empirical data. In practical terms, the conclusions of this work offer clear guidance for pro-
ducers and agricultural technicians, prioritizing interventions against the black palm weevil through inte-
grated and sustainable methods, while allocating proportional resources to other pests according to their 
relative impact. Thus, the NAHP is positioned as a promising tool to support the transition to more resilient 
and efficient agriculture, contributing to phytosanitary management in tropical regions where plantain is 
a key crop. 

References 

 
[1]  C. S. Gold, J. E. Peña, and E. B. Karamura, Biology and Integrated Pest Management for the Ba-

nana Weevil Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae), Integrated Pest Man-
agement Reviews, vol. 6, no. 2, pp. 79-155, Jun. 2001. 

[2]  S. R. Gowen, P. Quénéhervé, and R. Fogain, Nematode Parasites of Bananas and Plantains, in 
Plant Parasitic Nematodes in Subtropical and Tropical Agriculture, 2nd ed., M. Luc, R. A. Sikora, 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Marely del Rosario Cruz Felipe, Víctor Noe Sánchez Carreno, Lorenzo Cevallos-Torres. NAHP: Neutrosophic Hierarchical 
Analysis for Pest Prioritization in Plantain Cultivation 

 

 

 

385 

and J. Bridge, Eds. Wallingford, UK: CABI Publishing, 2005, pp. 611-643. 
[3]  G. A. Morales and J. A. Rincón, Integrated Management of Black Sigatoka (Mycosphaerella fi-

jiensis) in Banana Cultivation in Colombia, Acta Agronómica, vol. 62, no. 3, pp. 245-253, Sep. 2012. 
[4]  Núñez Hernández, M. S., Sánchez Rosero, E. N., & Sánchez Sánchez, J. E. (2025). Métodos AHP y 

Topsis para la evaluación de obturación de fistula bucosinusal con injerto pediculado de bola 
adiposa de Bichat. Neutrosophic Computing and Machine Learning, 37, 177-187. 
https://doi.org/10.5281/zenodo.15200548 

[5]  Smarandache, F. (1998). Neutrosophy. Neutrosophic Probability, Set, and Logic. American Re-
search Press, Rehoboth. 

[6]  T. Castillo-Arévalo, J. A. Castillo, and M. A. Morales, Population Dynamics of Insect Pests in 
Plantain (Musa paradisiaca L.) Crops in Rivas, Nicaragua, Nicaraguan Journal of Entomology, 
vol. 45, pp. 23-34, Oct. 2021. 

[7]  H. Salinas-Hernández, Effect of the Coffee and Banana Cultivation System on the Abundance of 
Potential Biological Control Insects of Cosmopolites sordidus, in Proc. Colombian Congress of 
Entomology, Bogotá, Colombia, 2007, pp. 112-118. 

[8]  Kahraman, C., Oztaysi, B., & Cevik Onar, S. (2020). Single & interval-valued neutrosophic AHP 
methods: Performance analysis of outsourcing law firms. Journal of Intelligent & Fuzzy Systems, 
38(1), 749-759. 

[9]  Álvarez Gómez, G. A., & Estupíñan, J., "Application of Neutrosophy to the Analysis of Open 
Government, its Implementation and Contribution to the Ecuadorian Judicial System", Neutro-
sophic Sets and Systems, Vol. 52, pp. 215-224, 2022 

[10]  A. Karasan, E. Ilbahar, S. Cebi, and C. Kahraman, Customer-oriented Product Design using an 
Integrated Neutrosophic Methodology: AHP, DEMATEL, and QFD, Applied Soft Computing, 
vol. 118, Art. no. 108445, 2022.  

[11]  I. Sahmutoglu, A. Taskin, & E. Ayyildiz, Risk Assessment Methodology in Assembly Areas for 
Post-flood Evacuation using Integrated Neutrosophic AHP-CODAS, Natural Hazards, vol. 116, 
pp. 1071–1103, 2023. 

[12]  D. Yu, G. Kou, Z. Xu, & S. Shi, An Analysis of the Evolution of AHP Research Collaboration: 
1982–2018, International Journal of Information Technology and Decision Making, vol. 20, pp. 7–
36, 2021. 

[13]  S. Dhouib, Optimization of the Traveling Salesman Problem in a Single-Valued Triangular Neu-
trosophic Number using the Dhouib-Matrix-TSP1 Heuristic, International Journal of Engineering, 
vol. 34, pp. 2642–2647, 2021. 

[14]  L. Cevallos-Torres et al., Monte Carlo Simulation Method, in Problem-Based Learning: A Didactic 
Strategy in the Teaching of System Simulation, 2019, pp. 87–96. 

[15]  Hernández, N. B., Vázquez, M. Y. L., Caballero, E. G., Cruzaty, L. E. V., Chávez, W. O., & Sma-
randache, F. (2021). A new method to assess entrepreneurship competence in university students 
using based on plithogenic numbers and SWOT analysis. International Journal of Fuzzy Logic 
and Intelligent Systems, 21(3), 280-292. 

[16]  N. Batista-Hernández, L. J. R. Chacón, L. E. V. Cruzaty, G. R. Zumba, W. Ortega-Chávez, and J. 
T. Quispe, A Model Based on Neutrosophic Ontologies for the Study of Entrepreneurial Compe-
tence, Neutrosophic Sets and Systems, vol. 51 , pp. 924–929, 2022.  

[17]  J. I. Escobar Jara, P. E. Cortez Clavijo, M. A. Coronel Suárez, & N. Batista Hernández, A Neutro-
sophic Assessment of Entrepreneurship and New Technology Development as a Positioning 
Strategy, Neutrosophic Computing and Machine Learning, vol. 25, no. 1, pp. 107–114, 2022. 

[18]  C. Wang, Z. Hu, & Z. Bao, Evaluating Government Support for Entrepreneurship using a Novel 
Time-degree-based Dynamic Neutrosophic Operator, Management Decision, vol. 61, pp. 530–551, 
2023. 

[19]  G. Macas-Acosta, F. Márquez-Sánchez, A. Vergara-Romero, and J. Estupiñán-Ricardo, Analysis 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Marely del Rosario Cruz Felipe, Víctor Noe Sánchez Carreno, Lorenzo Cevallos-Torres. NAHP: Neutrosophic Hierarchical 
Analysis for Pest Prioritization in Plantain Cultivation 

 

 

 

386 

of the Income-Education Nexus in Ecuador: A Neutrosophic Statistical Approach, Neutrosophic 
Sets and Systems, vol. 66, pp. 196-203, 2024.  

[20]  Mohamed, M., Abdel‑Basset, M., Zaied, A. N. H., & Smarandache, F. (2017). Neutrosophic Integer 
Programming Problem. Neutrosophic Sets and Systems, 15, 3–7. https://doi.org/10.5281/ze-
nodo.570944 

[21]  Dassou, A. G., Tovignan, S., Vodouhè, F., Vodouhè, G. T., Tokannou, R., Assogba, G. C., ... & 
Vodouhè, S. D. (2021). Constraints, and implications of organic farming in bananas and plantains 
production sustainability in Benin. Agricultural Sciences, 12(6), 645-665. 

[22]  Pupo, I. P., Pérez, P. Y. P., Vacacela, R. G., Bello, R., Santos, O., & Vázquez, M. Y. L. (2018). Exten-
sions to linguistic summaries indicators based on neutrosophic theory, applications in project 
management decisions. Neutrosophic Sets and Systems, 22, 87-100. 

[23]  M. Leyva-Vázquez, M. A. Quiroz-Martínez, Y. Portilla-Castell, J. R. Hechavarría-Hernández, and 
E. González-Caballero, A New Model for the Selection of Information Technology Projects in a 
Neutrosophic Environment, Neutrosophic Sets and Systems, vol. 32, pp. 344-356, 2020. 

[24]  A. A. El-Douh, A Neutrosophic Multi-Criteria Model for Evaluating Sustainable Soil Enhance-
ment Methods and their Cost Implications in Construction, Sustainable Machine Intelligence 
Journal, vol. 5, no. 1, pp. 1–11, 2023. doi:10.61185/SMIJ.2023.55101. 

[25]  L. Cevallos-Torres, J. Núñez-Gaibor, M. Leyva-Vasquez, V. Gómez-Rodríguez, F. Parrales-Bravo, 
and J. Hechavarría-Hernández, NCC: Neutrosophic Control Charts, a Didactic Way to Detect 
Cardiac Arrhythmias from Reading Electrocardiograms, Neutrosophic Sets and Systems, vol. 74, 
pp. 40-50, 2024.  

[26]  Mohamed, M., Smarandache, F., & Voskoglou, M. (2024). BV2TrS Appraiser Model: Enforcing 
BHARAT Version2 in Tree Soft Modelling for Appraising E-Mobility Hurdles. Neutrosophic Sys-
tems With Applications, 16, 36-47. https://doi.org/10.61356/j.nswa.2024.16214 

 
Received: December 25, 2024. Accepted: April 6, 2025. 

 

 



 

Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 

sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Wilmer Ortega Chávez, Eudosio Paucar Rojas, Daniel Alberto Oswaldo Valenzuela Narváez, Carlos Máximo Gonzales Añorga, 
Herbert Victor Huaranga Rivera, Enoc Lopez Navarro, Anibal Campos Barreto, Hugo Aysanoa Calixto. Design Thinking Model 
Based on Plithogenic Logic for the Management of Entrepreneurship and Innovation in Higher University Education in Peru 

            University of New Mexico 

Design Thinking Model Based on Plithogenic Logic for 
the Management of Entrepreneurship and Innovation in 

Higher University Education in Peru 
 

Wilmer Ortega Chávez 1, Eudosio Paucar Rojas 2, Daniel Alberto Oswaldo Valenzuela Narváez 3, Car-
los Máximo Gonzales Añorga 4, Herbert Víctor Huaranga Rivera 5, Enoc López Navarro 6, Aníbal Cam-

pos Barreto 7, and Hugo Aysanoa Calixto 8 

1 Universidad Nacional Intercultural de la Amazonia, Pucallpa, Ucayali, Peru. wortegac@unia.edu.pe 
2 Universidad Nacional Intercultural de la Amazonia, Pucallpa, Ucayali, Peru. eudosiopaucarr@gmail.com 

3 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Lima, Peru. dvalenzuela@unjfsc.edu.pe 
4 Universidad Nacional José Faustino Sánchez Carrión, Huacho, Lima, Peru. cgonzales@unjfsc.edu.pe 

5 Universidad Nacional Autónoma de Alto Amazonas: Yurimaguas, Alto Amazonas/Loreto, Perú. hhuaranga@unaaa.edu.pe 
6 Universidad Nacional de Ucayali, Pucallpa, Ucayali, Peru. enoc_lopez@unu.edu.pe  

7 Universidad Nacional de Ucayali, Pucallpa, Ucayali, Peru. anibal_campos@unu.edu.pe  
8 Universidad Nacional de Ucayali, Pucallpa, Ucayali, Peru. hugo_aysanoa@unu.edu.pe 

 
 

Abstract. Design Thinking is a methodology that has been gaining popularity in the business world and also in higher 

education management. This methodology proposes a set of steps to follow, with the client and the human being at 
the center of attention. It encourages the search for creative and collaborative solutions to problems. The role of De-

sign Thinking in entrepreneurship and entrepreneurship management for higher education lies in its contribution to 

innovation in business management within this field. The development of skills in Design Thinking fosters creativity, 

innovation, and critical thinking in students, improving their problem-solving and project development skills. The 
incorporation of Design Thinking is recommended in educational programs to strengthen entrepreneurial skills and 

prepare students for market challenges. In this paper, we propose a plithogenic model for the implementation and 

evaluation of Design Thinking in the management of entrepreneurship and innovation within Peruvian higher edu-

cation. Design Thinking is consistent with a more humane and inclusive education. Plithogeny is a theory dedicated 
to modeling cases of multidimensionality, when there is a dynamic between concepts of different origins, as well as 

their opposites and neutrals. Plithogenic Logic is a pluri-logic, composed of various truth values for the various var-

iables that make up the phenomenon being studied. Due to the complexity of the Design Thinking model, which is 

composed of various dimensions, we rely on the plithogenic logic, where the degrees of truthfulness, indeterminacy, 
and falsity of compliance of each variable are taken into account. 

 
Keywords: Management, Higher Education, Higher Education Management, Design Thinking, Plithogeny, Neu-

trosophy, Plithogenic Logic.

1. Introduction 

Design Thinking is an interdisciplinary and collaborative human-centered methodology used to solve 

complex problems in creative and innovative ways. It is based on a deep understanding of end-user needs, 

as the core design element, to develop practical and effective solutions. It refers to how designers observe 

and think. It is an iterative process that presents concepts about problem-solving and relationships be-

tween ideas that allow for solutions. It contemplates a way of thinking that leads to transformation, evo-

lution, and innovation, implying new business management methods. 

Design Thinking is an innovative methodology established to solve problems worldwide, using inte-

gral, emotional, and experimental intelligence, reducing risks and aiming to achieve great successes based 

on human needs related to other disciplines that generate desired solutions that are operationally and 
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technologically feasible and economically viable. It allows for the convergence of the user's desired char-

acteristics with the designer's technical knowledge and the project's financial viability. 

 
Figure 1. Designg thinking process 

 
This methodology consists of the following steps: 

a. Understanding/Knowing: This stage involves researching the field, understanding the prob-

lem, and understanding its objective, to clarify and define its boundaries. It also allows for 

identifying the needs of the future user. 

b. Empathize: This is the basic stage because it can be used to determine specific design char-

acteristics that benefit users. It involves putting oneself in other people's shoes and con-

stantly applying empathy to generate effective solutions. 

c. Define: This stage determines and describes the problem. All the information gathered from 

the user and their context is structured to obtain the point of view. 

d. Ideate: Its purpose is to compile various ideas based on the approach to build them and 

arrive at various solutions to satisfy the user by covering their initially stated needs. 

e. Prototype: At this stage, models and plans are developed to represent the proposed ideas to 

visualize them more clearly and be able to interact with them. This way, it is easier to observe 

their operation and determine their viability and defects. 

f. Evaluate: Seeks to validate the prototype and identify the main opportunities for design im-

provement. 

Design Thinking is used in companies to: 

• Identify user needs through empathy and observation, 

• Define problems with a customer-centric approach, 

• Generate innovative ideas through creativity sessions, 

• Prototype solutions and test them before implementation, 

• Validate and improve products or services with real feedback. 

It has become a key methodology in higher education and educational management, as it fosters 

creativity, critical thinking, and innovative problem-solving. It links to teaching in higher education in 

the following ways: 

1. Student-centered learning: Focuses on empathy, allowing students to be the protagonists of 

their learning, 

2. Fostering Creativity: Helps students develop innovative solutions to real-life problems, 
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3. Iterative methodology: Students can test ideas, receive feedback, and continually improve 

their proposals. 

Regarding management within Higher Education centers: 

1. Improved decision-making: Educational leaders can apply Design Thinking to design more 

effective strategies, 

2. Innovation in educational models: Facilitates the creation of more dynamic academic pro-

grams adapted to current needs, 

3. Optimization of administrative processes: Used to improve resource management and the 

student experience. 

 

In short, Design Thinking is transforming higher education by fostering creativity and innovation 

in both the classroom and educational administration. 

This article aims to design a plithogenic Design Thinking model, for Peruvian higher education, for 

the development of entrepreneurship and innovation management within national centers for this level 

of education. 

To achieve this goal we rely on Plithogenic Logic, which emerged from Plithogenic sets and the 

theory of Plithogeny in general [1-3]. Plithogeny is dedicated to studying the complex dynamics that 

exist between phenomena with variables of different types, where concepts, their opposites, and neu-

trals can be included, in this way generalizing classical dialectics that only studies the interaction be-

tween two opposites [4-9]. The advantage of Plithogeny is that it allows for more accurate modeling of 

real-life phenomena, since the world we live in presents more nuances than those that can be modeled 

with classical tools [10-17]. 

The Plithogenic logic is a logic that combines several degrees of truthfulness, which can be Boolean, 

fuzzy, intuitionistic fuzzy, neutrosophic, among others, and even a hybridization between them [1, 2]. 

Due to the complexity of implementing the Design Thinking, and the uncertainty and indeterminacy in 

the evaluation of phenomena where there is a high degree of subjectivity, we decided to use the plitho-

genic neutrosophic logic for processing model data. 

The paper is divided into a Preliminaries section, where the main concepts of Plithogenic Logic and 

Design Thinking in Higher Education are recalled. Further, it is the section called The Model containing 

the design of the proposed model and one illustrative example. The last section is the Conclusion. 

2 Preliminaries 

2.1 On the Plithogenic Logic 

Let us denote by 𝑃 the Plithogenic Logical proposition that is categorized by many degrees of truth 
values for many corresponding attribute values (or random variables) that characterize this proposition 
[1, 2]. It is a pluri-logic. 

So, let us denote it by 𝑃(𝑉1, 𝑉2, … , 𝑉𝑛), 𝑛 ≥ 1, such that 𝑉1, 𝑉2, … , 𝑉𝑛 are the attribute-values or ran-

dom variables that define, individually to some degree, the truth-value of 𝑃. 

These random variables could be either pair-wise independent or there exists some degree of de-

pendence among each other. The degree of independence or dependence between two random varia-

bles is used to define the operator of the conjunction that is used to compute the cumulative truth of 

the proposition 𝑃. 

The random variables can be, namely, classical, fuzzy, intuitionistic fuzzy, indeterminate, neutro-

sophic, and so on. 
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𝑃(𝑉1) = 𝑡1 denotes the truth-value of 𝑃 for the random variable 𝑉1, 𝑃(𝑉2) = 𝑡2 denotes the truth-value of 𝑃 for the random variable 𝑉2, ⋯  𝑃(𝑉n) = 𝑡𝑛 denotes the truth value of 𝑃 for the random variable 𝑉n. 𝑉1, 𝑉2, … , 𝑉𝑛 are associated with any types of probability distributions, 𝑃(𝑉1), 𝑃(𝑉2), …, 𝑃(𝑉n). 𝑃 is 

characterized by 𝑛 probability distributions or 𝑛 sub-truth-values. A cumulative truth value of the logi-

cal proposition 𝑃 is obtained by combining 𝑃(𝑉1), 𝑃(𝑉2), …, and 𝑃(𝑉n). 

According to the values taken by 𝑡1, 𝑡2, … , 𝑡𝑛 we have the type of Plithogenic Logic: 

1. For 𝑡1, 𝑡2, … , 𝑡𝑛 ∈ {0, 1}, such that 0 represents falseness and 1 represents truefulness, then 

it is called a Plithogenic Boolean (Classical) Logic. 

2. For 𝑡1, 𝑡2, … , 𝑡𝑛 ⊂ [0, 1], such that ∃𝑖 𝑡𝑖 ⊂ (0, 1), then it is called a Plithogenic Fuzzy Logic, 

which is divided by the following classification: 

a. Single-Valued Plithogenic Fuzzy Logic, if 𝑡1, 𝑡2, … , 𝑡𝑛 are single-valued (crisp) numbers 

in [0, 1]. 
b. Subset-Valued (like Interval-Valued, Hesitant-Valued, and so on) Plithogenic Fuzzy 

Logic, when 𝑡1, 𝑡2, … , 𝑡𝑛 are subsets (intervals, hesitant subsets, and so on) in [0, 1]. 
3. It is a Plithogenic Intuitionistic Fuzzy Logic when ∀𝑗 = 1,2, … , 𝑛;  𝑃(𝑉j) = (𝑡𝑗, 𝑓𝑗), 𝑡𝑗 , 𝑓𝑗 ⊂[0, 1], and 𝑡𝑗 + 𝑓𝑗 ≤ 1, where 𝑡𝑗 are the degrees of truth and 𝑓𝑗 are the degrees of falsehood. 𝑃 is classified by: 

a. Single-Valued Plithogenic Intuitionistic Fuzzy Logic, if all 𝑡1, 𝑡2, … , 𝑡𝑛 and 𝑓1, 𝑓2, … , 𝑓𝑛  are 

single-valued numbers in [0, 1]. 
b. Subset-Valued Plithogenic Intuitionistic Fuzzy Logic, when all 𝑡1, 𝑡2, … , 𝑡𝑛 and 𝑓1, 𝑓2, … , 𝑓𝑛  

are subsets in [0, 1]. 
4. If 𝑉1, 𝑉2, … , 𝑉𝑛 are indeterminate (neutrosophic) functions, with vague or unclear argu-

ments and/or values, then it is a Plithogenic Indeterminate Logic. 

5. It is a Plithogenic Neutrosophic Logic when ∀𝑗 = 1,2, … , 𝑛;  𝑃(𝑉j) = (𝑡𝑗, 𝑖𝑗, 𝑓𝑗), 𝑡𝑗 , 𝑖𝑗 , 𝑓𝑗 ⊂ [0, 1], 
such that, 𝑡𝑗 are the degrees of truth, 𝑖𝑗 are the degrees of indeterminacy, and 𝑓𝑗 are the 

degrees of falsehood. 𝑃 is classified by: 

a. Single-Valued Plithogenic Neutrosophic Logic, if all 𝑡1, 𝑡2, … , 𝑡𝑛, 𝑖1, 𝑖2, … , 𝑖𝑛, and 𝑓1, 𝑓2, … , 𝑓𝑛 are single-valued numbers in [0, 1]. 
b. Subset-Valued Plithogenic Neutrosophic Logic, when all 𝑡1, 𝑡2, … , 𝑡𝑛, 𝑖1, 𝑖2, … , 𝑖𝑛, and 𝑓1, 𝑓2, … , 𝑓𝑛 are subsets in [0, 1]. 

6. It is called Plithogenic (other fuzzy extensions) Logic, when it is another extension of fuzzy 

logic, e.g., Pythagorean Fuzzy, Picture Fuzzy, Fermatean Fuzzy, Spherical Fuzzy, q-Rung 

Orthopair Fuzzy, Refined Neutrosophic Logic, and refined logic. 

7. It is a Plithogenic Hybrid Logic when 𝑃(𝑉1), 𝑃(𝑉2), …, 𝑃(𝑉n) are mixed types of the proba-

bility distributions defined above. 
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Example 1 ([2]): Let us suppose 𝑃 is the proposition “John loves his city”. We have the following 
random variables: 𝑉1: low/high percentage of COVID-19 virus infected inhabitants, 𝑉2: nonviolent/violent, 𝑉3: crowded/uncrowded, 𝑉4: clean/dirty, 𝑉5: quiet/noisy. 

So, we can use the notation 𝑃(𝑉1, 𝑉2, 𝑉3, 𝑉4, 𝑉5). Then, using a Plithogenic Neutrosophic Logic, we 

have: P(V1, V2, V3, V4, V5)  = ( (0.86, 0.12, 0.54), (0.18, 0.44, 0.72), (0.90, 0.05, 0.05), (0.09, 0.14, 0.82), (0.82, 0.09, 0.14) ), 

Therefore, according to the percentage of COVID-19 virus-infected inhabitants, John loves his city 

with 86% of certainty, 12% of indeterminacy, and 54% of dislike. The equivalent reasoning can be as-

sumed for the other variables. 

Using the neutrosophic conjunctive operator min/max/max, we obtain: (0.86, 0.12, 0.54) ∧𝑁 (0.18, 0.44, 0.72)  ∧𝑁  (0.90, 0.05, 0.05) ∧𝑁 (0.09, 0.14, 0.82)  ∧𝑁  (0.82, 0.09, 0.14)  = (𝑚𝑖𝑛{0.86, 0.18, 0.90, 0.09, 0.82}, 𝑚𝑎𝑥{0.12, 0.44, 0.05, 0.14, 0.09}, 𝑚𝑎𝑥{0.54, 0.72, 0.05, 0.82, 0.14})  = (0.09, 0.44, 0.82). 

Let us note that we assumed the five variables are independent each other, otherwise we have to 

use dependence values in the conjuntion. 

2.2 Design Thinking in Higher Education 

The dimensions to evaluate the Design Thinking methodology in the training of Higher Education 

students are summarized in the following aspects: 

1. Development of Academic and Professional Empathy: Evaluates the student's ability to under-

stand the social, academic, and professional context of the problems addressed, promoting com-

prehensive training focused on the real needs of the environment. 

2. Critical-Analytical Thinking Training: Measures the development of higher cognitive skills that 

allow for the identification, formulation, and analysis of complex problems from multiple per-

spectives, applying logical and ethical reasoning. 

3. Fostering Creativity and Innovation: Reflects the student's ability to generate original and prac-

tical solutions, stimulating initiative and imagination applied to real-life learning and entrepre-

neurship contexts. 

4. Consolidation of cognitive recursions for problem-solving. It focuses on the student's ability to 

materialize ideas through prototypes, projects, or simulations, facilitating experiential learning 

and continuous improvement through trial and error based on cognitive recursion. 

5. Promoting entrepreneurship and management skills. Evaluates how the Design Thinking-led 

training process strengthens entrepreneurial skills, leadership, collaborative work, and adapta-

bility to the challenges of the professional market, as well as developing resilience capabilities. 

Note that these dimensions focus on Design Thinking with the idea of improving students' creative 

and entrepreneurial skills. 

3 The Model 

Let us begin the model design by indicating the measurement scales used. These consist of both a 
linguistic component and a numerical component. See Table 1. 
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Table 1: Linguistic scale and associated numerical value. 

 
Linguistic value Associated numerical va-

lue 

Extremely low 0 

Very low 0.2 

Low 0.4 

Medium 0.5 

High 0.6 

Very high 0.8 

Extremely High 1 

 
This scale is only a starting point because raters are asked to use it as the basis for other, more com-

plex scales. For example, to rate an object on a specific aspect, a rater is asked to give his or her opinion 

of how much the object responds concerning satisfaction (T), dissatisfaction (F), and indeterminacy (I). 

Suppose the triple T, I, F is answered as, T = "Very high", I = "Very low", F = "Very low", the numerical 

equivalent is the triple (0.8, 0.2, 0.2). If asked about the weight or importance of an aspect, then the re-

sponse T = "Very high", I = "Very low", and F = "Very low", is evaluated as the weight (0.8, 0.2, 0.2). 

The second step is to determine the aspects to be measured, these are the stages within Design Think-

ing: 
 
S1. Understand/Know, 
S2. Empathize, 
S3. Define, 
S4. Devise, 
S5. Prototype, 
S6. Evaluate. 
 
Each of these stages is evaluated for the following dimensions, which we had indicated previously: 

 

D1. Development of academic and professional empathy, 

D2. Training in critical-analytical thinking, 

D3. Promotion of creativity and innovation, 

D4. Consolidation of cognitive recurrences for problem-solving, 

D5. Promoting entrepreneurship and management skills. 
 
In this way, if there is more than one evaluator 𝐸 = {𝑒1, 𝑒2, … , 𝑒𝑛}, the process evaluation is carried 

out for each stage 𝑆 = {𝑆1, 𝑆2, … , 𝑆6} in terms of each of the dimensions 𝐷 = {𝐷1, 𝐷2, … , 𝐷5}. Thus, we have 

the value 𝑣𝑖𝑗𝑘 = (𝑇𝑖𝑗𝑘, 𝐼𝑖𝑗𝑘 , 𝐹𝑖𝑗𝑘) (i = 1,2,…,n; j = 1,2,…,6; k = 1,2,…,5), which is the evaluation given by the 
ith expert on the jth stage in terms of the kth dimension. Therefore, the procedure to follow is: 

1. An analysis of the tactics for implementing stage S1 is performed and implemented. 

2. Once the decision is made to move from S1 to S2, each expert is asked to evaluate the results of 

stage S1. This evaluation is equal to 𝑣𝑖1𝑘 = (𝑇𝑖1𝑘,  𝐼𝑖1𝑘 ,  𝐹𝑖1𝑘). There is also a set of values 𝑤𝑖1𝑘 =(𝑤𝑇𝑖1𝑘, 𝑤𝐼𝑖1𝑘 , 𝑤𝐹𝑖1𝑘) that represent the weights assigned by each expert to each of the dimen-

sions within stage S1. This stage change is achieved according to the results proposed in the 

following: 

a. A small threshold of acceptable values is set to indicate error. We set this value to 𝜖 = 0.2 

although it can be lower to ensure greater accuracy. 
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b. 𝑣𝑖1𝑘 = (𝑇𝑖1𝑘,  𝐼𝑖1𝑘 , 𝐹𝑖1𝑘) are converted into crisp values with the help of the score function 

using the following equation [18]: 𝒮((𝑇, 𝐼, 𝐹)) = 2+𝑇−𝐼−𝐹3                    (1) 

They are converted to 𝑣̃𝑖1𝑘 = 𝒮((𝑇𝑖1𝑘, 𝐼𝑖1𝑘 , 𝐹𝑖1𝑘)), 𝑤̃𝑖1𝑘 = 𝒮((𝑤𝑇𝑖1𝑘, 𝑤𝐼𝑖1𝑘 , 𝑤𝐹𝑖1𝑘)). The stand-

ard deviation of the values 𝜎({𝑣̃𝑖1𝑘}) and 𝜎({𝑤̃𝑖1𝑘}) are calculated for each k. 

If 𝜎({𝑣̃𝑖1𝑘}) > 𝜖 or 𝜎({𝑤̃𝑖1𝑘}) > 𝜖, then the experts are asked to re-evaluate and then repeat 

this step. If not, go to the next step. This ensures consistency in the evaluations. 

3. Plithogenic evaluation is associated with this stage as: Pv1(v111, v112, v113, v114, v115)  =((T111, I111, F111), (T112, I112, F112), (T113, I113, F113), (T114, I114, F114), (T115, I115, F115)), Pv2(v211, v212 , v213, v214, v215)  =((T211, I211, F211), (T212, I212, F212), (T213, I213, F213), (T214, I214, F214), (T215, I215, F215)), 

… Pvn(vn11, vn12, vn13, vn14, vn15)  =((Tn11, In11, Fn11), (Tn12, In12, Fn12), (Tn13, In13, Fn13), (Tn14, In14, Fn14), (Tn15, In15, Fn15)). 

In addition, the weights are as follows: Pw1(w111, w112, w113, w114, w115)  =((𝑤T111, wI111, wF111), (𝑤T112, wI112, wF112), (wT113, wI113, wF113), (wT114, wI114, wF114),(𝑤T115, wI115, wF115) ), Pw2(w211, w212, w213, w214, w215)  =((wT211, wI211, wF211), (𝑤T212, wI212, wF212), (wT213, wI213, wF213), (wT214, wI214, wF214),(𝑤T215, wI215, wF215) ), 

… Pwn(wn11, wn12, wn13, wn14, wn15)  =((𝑤Tn11, wIn11, wFn11), (𝑤Tn12, wIn12, wFn12), (𝑤Tn13, wIn13, wFn13), (wTn14, wIn14, wFn14),(𝑤Tn15, wIn15, wFn15) ). 

These values are aggregated using the following equation: P𝑆1(D1𝑆1 , D2𝑆1 , D3𝑆1 , D4𝑆1 , D5𝑆1) =((𝑇11, 𝐼11, 𝐹11), (𝑇21, 𝐼21, 𝐹21), (𝑇31, 𝐼31, 𝐹31), (𝑇41, 𝐼41, 𝐹41), (𝑇51, 𝐼51, 𝐹51))………… .( 2) 

Such that: (𝑇k1, 𝐼k1, 𝐹k1) = (⋀𝑁𝑖=1𝑛 (wTi1k⋀Ti1k), ⋀𝑁𝑖=1𝑛 (wIi1k⋀Ii1k), ⋀𝑁𝑖=1𝑛 (wFi1k⋀Fi1k))  

In this way, a final evaluation is obtained for this stage for all experts, for each dimension k. 

4. It is determined whether the stage was completed by establishing a threshold value 𝜃, we rec-

ommend taking 𝜃 = 0.6 or higher. 

If ∀𝑘 𝒮((𝑇k1, 𝐼k1, 𝐹k1)) ≥ 𝜃, it is determined that the objectives of the stage have been satisfacto-

rily met, 

Otherwise, it is determined which dimensions were not satisfied and improvements are rec-

ommended to go to the next stage. 
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5. The same steps carried out until now are repeated, which consist of analyzing the tactics to 

implement stage Sj 𝑗 ≥ 2. 

6. Once the decision is made to move from Sj to Sj+1, each of the experts is asked to evaluate the 

results of stage Sj. This evaluation is equal to 𝑣𝑖𝑗𝑘 = (𝑇𝑖𝑗𝑘, 𝐼𝑖𝑗𝑘 , 𝐹𝑖𝑗𝑘). There is also a set of values 𝑤𝑖𝑗𝑘 = (𝑤𝑇𝑖𝑗𝑘, 𝑤𝐼𝑖𝑗𝑘 , 𝑤𝐹𝑖𝑗𝑘) that represent the weights assigned by each expert to each of the di-

mensions within stage Sj. In this stage change, the following occurs: 𝑣𝑖1𝑘 = (𝑇𝑖𝑗𝑘, 𝐼𝑖𝑗𝑘 , 𝐹𝑖𝑗𝑘) are converted into crisp values with the help of the score function using 

Equation 1: 

They are converted into ṽijk = 𝒮 ((Tijk, Iijk, Fijk)), w̃ijk = 𝒮 ((wTijk, wIijk, wFijk)). σ({w̃ijk}) and σ({ṽijk})  are calculated for each k. 

If σ({ṽijk}) > ϵ or σ({w̃ijk}) > ϵ, the experts are asked to reevaluate and then repeat this step. If 

not, go on to the next step. 

7. This stage is associated with a plithogenic evaluation such as: Pv1(v1j1, v1j2, v1j3, v1j4, v1j5)  =((T1j1, I1j1, F1j1), (T1j2, I1j2, F1j2), (T1j3, I1j3, F1j3), (T1j4, I1j4, F1j4), (T1j5, I1j5, F1j5)), Pv2(v2j1, v2j2, v2j3, v2j4, v2j5)  =((T2j1, I2j1, F2j1), (T2j2, I2j2, F2j2), (T2j3, I2j3, F2j3), (T2j4, I2j4, F2j4), (T2j5, I2j5, F2j5)), 

… Pvn(vnj1, vnj2, vnj3, vnj4, vnj5)  =((Tnj1, Inj1, Fnj1), (Tnj2, Inj2, Fnj2), (Tnj3, Inj3, Fnj3), (Tnj4, Inj4, Fnj4), (Tnj5, Inj5, Fnj5)). 

In addition, the weights are as follows: Pw1(w1j1, w1j2, w1j3, w1j4, w1j5)  =((𝑤T1j1, wI1j1, wF1j1), (𝑤T1j2, wI1j2, wF1j2), (wT1j3, wI1j3, wF1j3), (wT1j4, wI1j4, wF1j4),(𝑤T1j5, wI1j5, wF1j5) ), Pw2(w2j1, w2j2, w2j3, w2j4, w2j5)  =((wT2j1, wI2j1, wF2j1), (𝑤T2j2, wI2j2, wF2j2), (wT2j3, wI2j3, wF2j3), (wT2j4, wI2j4, wF2j4),(𝑤T2j5, wI2j5, wF2j5) ), 

… Pwn(wnj1, wnj2, wnj3, wnj4, wnj5)  =((𝑤Tnj1, wInj1, wFnj1), (𝑤Tnj2, wInj2, wFnj2), (𝑤Tnj3, wInj3, wFnj3), (wTnj4, wInj4, wFnj4),(𝑤Tnj5, wInj5, wFnj5) ). 

These values are aggregated using the following equation: P𝑆j (D1𝑆j, D2𝑆j , D3𝑆j , D4𝑆j, D5𝑆j) =((𝑇j1, 𝐼j1, 𝐹j1), (𝑇j2, 𝐼j2, 𝐹2j), (𝑇j3, 𝐼j3, 𝐹j3), (𝑇j4, 𝐼j4, 𝐹j4), (𝑇j5, 𝐼j5, 𝐹j5))    (3) 

Such that: (𝑇jk, 𝐼jk, 𝐹jk) = (⋀𝑁𝑖=1𝑛 (wTijk⋀Tijk), ⋀𝑁𝑖=1𝑛 (wIijk⋀Iijk), ⋀𝑁𝑖=1𝑛 (wFijk⋀Fijk))  
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In this way, a final evaluation is obtained for this stage for all experts for each dimension. 

6. If ∀k 𝒮 ((Tjk, Ijk, Fjk)) ≥ θ then the objectives of the stage were satisfactorily met, 

Otherwise, the dimensions that were not met are determined, and improvements are recom-

mended to move on to the next stage. When j = 6, the overall evaluation of the entire process is 

made, and then the final stage is determined whether it was satisfactory. 

Let us illustrate this procedure with a hypothetical example. 

Example 2. Let us suppose there are three evaluators of the jth stage on the implementation of Design 

Thinking in a Peruvian higher education center. Let us assume that the evaluation results are summa-

rized in Table 2 for evaluation and in Table 3 for importance. 

Table 2: Results of the experts' assessment for the example of satisfactory achievement of objectives for the jth stage. 

 
Dimension/Expert e1 e2 e3 

D1 (0.6, 0.2,0.4) (0.8, 0.2,0.2) (0.8, 0.2,0.2) 

D2 (0.8,0.2,0.2) (1,0.2,0.2) (0.8,0,0.2) 

D3 (0.6,0.2,0.2) (0.8,0,0.2) (0.6,0.2,0) 

D4 (1,0,0) (0.8,0,0.2) (1,0.2,0.2) 

D5 (0.8,0.2,0.2) (0.6,0.2,0.2) (0.8,0.2,0) 

Table 3: Results of the weights assigned by the experts in the example on the importance of each dimension for the jth stage. 

 
Dimension/Expert e1 e2 e3 

D1 (1,0,0) (0.8,0.2,0.2) (0.6,0.2,0.4) 

D2 (0.8,0,0) (1,0,0) (0.8,0.2,0.2) 

D3 (0.8,0,0.2) (0.8,0.2,0.2) (1,0,0) 

D4 (0.6,0.4,0.2) (0.8,0.2,0) (0.6,0,0.4) 

D5 (0.5,0.4,0.5) (0.6,0.2,0.4) (0.4,0.2,0.6) 

 
Let us also set θ = 0.6 and ϵ = 0.2. 
 
Table 4 shows the results of applying the score function to the values in Table 2 and Table 3, as well 

as their standard deviations for each dimension. 

Table 4: Results of applying the score function to the assessments in Table 2 and their standard deviations for each dimension. 

 
Dimension/Expert e1 e2 e3 Standard De-

viation 

D1 0.66666667 0.8 0.8 0.06285394 

D2 0.8 0.86666667 0.86666667 0.03142697 

D3 0.73333333 0.86666667 0.8 0.05443311 

D4 1 0.86666667 0.86666667 0.06285394 

D5 0.8 0.73333333 0.86666667 0.05443311 

 
Table 5 shows the results of applying the score function to the values in Table 3 and the standard 

deviation. 
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Table 5: Results of applying the score function to the assessments in Table 3 and their standard deviations for each dimension. 

 
Dimension/Expert e1 e2 e3 Standard De-

viation 

D1 1 0.8 0.66666667 0.13698698 

D2 0.93333333 1 0.8 0.08314794 
D3 0.86666667 0.8 1 0.08314794 

D4 0.66666667 0.86666667 0.73333333 0.08314794 

D5 0.53333333 0.66666667 0.53333333 0.06285394 

 
From the results shown in Tables 4 and 5, the standard deviations of each of the dimensions are less 

than ϵ = 0.2, therefore it is considered that there is coherence in the experts' evaluations. 
Table 6 summarizes the results of applying Equation 3 as an aggregation of the results for each of 

the dimensions and the score function for each of them. 

Table 6: Aggregation results using Equation 3 and applying the score function for each dimension. 

 

Dimension Neutrosophic conjunctive aggregation Score function 

D1 (0.6, 0.2, 0.4) 0.66666667 

D2 (0.8, 0.2, 0.2) 0.8 

D3 (0.6, 0.2, 0.2) 0.73333333 

D4 (0.6, 0.4, 0.4) 0.6 

D5 (0.4, 0.4, 0.6) 0.46666667 

 
From Table 6 it can be seen that all the results of the score function are higher than the threshold θ = 0.6, except for Dimension 5, therefore it is recommended to analyze what to do, whether to continue 

to the next stage or work to improve the implementation of the jth stage. 

4. Conclusion 

Design Thinking is a methodology that has gained popularity in the business world today. It has 

also been successfully used in organizations within education and higher education, particularly in Peru. 

This methodology consists of six stages. In this paper, we propose five dimensions to measure in each 

stage and a method for evaluating and implementing Design Thinking in a Peruvian higher education 

center. The dimensions aim to measure the development of entrepreneurship and innovation compe-

tencies in students. To do this, we rely on Plithogenic Logic, especially the Plithogenic Neutrosophic 

Logic. This new logic allows uncertainty and indeterminacy to be taken into account within logic whose 

evaluations are subjective. It also allows for the evaluation of each dimension separately, thus better 

identifying which ones do or do not meet the minimum requirements. The proposed model enhances 

the flexibility of Classical Design Thinking, since it allows for peer evaluation among specialists, with 

agreement only reached if the evaluations between experts do not exceed a threshold. We also illustrate 

the usefulness of the method with an example. In future works, we will propose a final aggregate value 

for all dimensions. To do this, we will conduct a study on the dependence between the dimensions, 

obtaining values that will be part of the conjunction. 
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Abstract. As software systems and their associated information become increasingly complex within DevOps en-
vironments, Machine Learning (ML) platforms are growing in importance for optimizing development and deploy-
ment processes. This article presents a comparative analysis of two leading ML platforms, Amazon Web Services 
(AWS) and Microsoft Azure, to evaluate their suitability for optimizing DevOps. A quantitative methodology based 
on an experimental comparative method was employed, applying the neutrosophic multi-criteria OWA-TOPSIS 
model to assess and select the best alternative based on specific criteria such as scalability, integration, performance, 
and cost-benefit. The results from the OWA-TOPSIS model, derived from controlled experimental assessments, 
indicate that Microsoft Azure offers greater advantages over AWS for DevOps optimization and software deploy-
ment in the studied use cases. However, it is acknowledged that the optimal platform choice may vary depending 
on the specific needs of each project and organization. 

Keywords: DevOps, Machine Learning, Azure, AWS, OWA-TOPSIS, Neutrosophic Sets, Single-Valued Neutro-
sophic Linguistic Sets, Multi-criteria Decision Making, Platform Selection

1. Introduction 
Software development is a common term in our daily lives due to technological advances; likewise, 

it is common to use software development methodologies because they help to efficiently carry out all 
the processes involved in software development; considering this, we have the DevOps methodology, 
by using this methodology it is possible to reduce the development life cycle, increasing the deployment 
frequency and releasing secure products that meet business requirements, thanks to the fact that the 
“ development ” and “operations” teams when using this methodology improve their communication 
and interact more frequently these two teams [1]. Machine learning platforms can be incorporated into 
this “DevOps” software development methodology to optimize DevOps processes since it allows the 
use of techniques to analyze data and logs generated during DevOps practices and automatically detect 
anomalies [2]. 

Since there is a wide variety of machine learning platforms applicable to DevOps, there is a need to 
determine the best platform that favors the DevOps methodology, taking into account processes such 
as the detection of anomalies in the data since DevOps is used, the information generated is deepened, 
becoming a great job to analyze the data and records generated by this practice [3]. 

Choosing a platform that optimizes DevOps is not something that can be taken lightly, given that 
the platform may not be accurate or effective enough when dealing with the data or logs; this is due to 
the quality and quantity of data that has been generated when using the DevOps methodology [4]. 
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Therefore, this research seeks to analyze machine learning platforms to optimize DevOps environments 
through a multi-criteria comparative analysis to efficiently improve software development and deploy-
ment processes. The specific objectives are to identify machine learning platforms applicable to DevOps 
environments, select the main platforms through a systematic literature review, and define the criteria 
of machine learning platforms for their applicability in optimizing DevOps environments using the 
OWA-TOPSIS model. Validate the results obtained to guarantee the efficiency of the software develop-
ment and deployment processes through an evaluation. 
 

2. Background 

In software development, we rely on development methodologies such as DevOps, which focuses 
on improving collaboration between development and operations teams; thanks to this, we can have 
shorter and more reliable software product release cycles, thus improving product quality and customer 
satisfaction [5]. 

When using DevOps, system information is deepened and new functions emerge, which makes the 
methodology complex when analyzing data or records, so machine learning becomes essential for the 
processes mentioned above to be carried out efociently and effectively [3]. 

When using DevOps, aspects such as collaboration between development and operations teams to 
achieve common goals, automation of processes such as continuous integration and delivery (which 
allows new changes to be implemented quickly), automation testing that allows the software life cycle 
to be accelerated, and finally, monitoring and feedback, which allow the identification of areas for im-
provement, resolution of problems and optimization of development and operations processes, stand 
out [6]. The stages in which it intervenes range from software development to implementation and, 
finally, the maintenance stage within the software life cycle [7. 

An example of optimization is Jenkins, which is often used in Continuous Integration and Continu-
ous Delivery (CI/CD) workflows, facilitating the creation, testing, and debugging of software projects 
in an automated way, locally or in the cloud [8]. 

An example of the relationship between machine learning and DevOps is that with the help of ma-
chine learning, it is possible to automate repetitive tasks, thus reducing the workload of development 
and operations teams [3]. Furthermore, when detecting problems in software projects using DevOps 
with machine learning, these can be automatically tagged as a bug report, a working solution, or a ques-
tion [4]. 

Azure is a platform that has a Machine Learning (ML) section that allows us to create ML models 
with the information generated in software development using the DevOps methodology, transforming 
the information into a data set to train the model and predict possible errors in development and de-
ployment, and this is achieved because it allows us to generate a model endpoint by implementing it as 
a web service that receives input requests and returns the prediction in real-time [9]. 

On the other hand, we have the AWS (Amazon Web Service) platform, an Amazon cloud service that 
allows configuring servers and interacting with them to prevent companies from creating their own 
data centers [10]. Therefore, it allows the development of a machine learning model to optimize the 
processes of the DevOps methodology, carried out through Amazon Sagemaker , a service that works 
with machine learning. In this way, the services are configured to deploy the model and make data 
predictions [11]. Finally, an endpoint is generated in the AWS Sagemaker control panel where the re-
sponses to requests can be observed in real-time. 

In a comparative analysis of the two machine learning platforms, AWS, with its wide range of ser-
vices and market leadership, stands out for its robust infrastructure and flexibility. On the other hand, 
Azure stands out for its integration with Microsoft products and offers robust tools for business devel-
opment. Both platforms are successful in various sectors but differ in their approach and strengths, 
which influences users' choices based on their specific needs and integration preferences [12]. 
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3. Methodology 

 
This research was conducted using a quantitative approach using the experimental comparative 

method, whereby we worked with numerical values acquired through experimentation and then used 
them in a multi-criteria model to determine the best machine learning platform to optimize DevOps 
environments. 

Through a systematic literature review, criteria for machine learning platforms that optimize 
DevOps were selected, such as a wide range of tools, configuration flexibility, integration with other 
services, scalable pricing model [13], variety of machine learning and data analysis tasks, compatibility 
with Python frameworks, scalability, and distribution [14]. Therefore, the platforms chosen based on 
these criteria were Microsoft Azure and Amazon Web Service. 

Microsoft Azure is a multi-tool platform that enables the development of DevOps environments and 
machine learning models. In terms of scalability and deployment, it allows for quick and easy resource 
addition, meeting the demands of ever-evolving applications. Its pricing model is based on pay-per-
use, offering users the advantage of reducing costs and paying only for the resources used. Its configu-
ration flexibility allows users to modify the cloud infrastructure according to the specific needs of their 
application, which is crucial for efocient and productive deployment [15]. Various machine learning 
tasks can be performed, such as building, evaluating, and deploying predictive models and analyzing 
data to make predictions [16]. 

AWS (Amazon Web Service ) is a cloud services platform that offers a wide range of solutions, facil-
itating the development of DevOps-based models. This platform enables efocient data collection, anal-
ysis, and visualization, standing out for its real-time monitoring capabilities. Thanks to its advanced 
services, AWS maximizes the use of data storage and processing, as demonstrated by the automatic 
disaster alert system [17]. 

In terms of its pricing structure, AWS adapts to user consumption, offering a cost-effective and flex-
ible alternative to traditional physical data centers. Users benefit by paying only for the services used, 
which can translate into significant savings [12]. 

Furthermore, AWS demonstrates its ability to manage and process large volumes of CSV data efo-
ciently, highlighting its scalability and optimization [ 18 ]. Furthermore, AWS supports various machine 
learning models, including binary and multiclass classification, as well as regression models, underlin-
ing its strength in the field of predictive analytics [19]. 

The use of a machine learning platform in DevOps development environments can be evaluated 
using key metrics that demonstrate its effectiveness, importance, and economic viability. The first crite-
rion is Prediction Accuracy, which evaluates the accuracy of the predictive model in identifying error-
prone areas [20 ]. The second criterion was Ease of Use as a fundamental variable in choosing the ma-
chine learning platform that optimizes DevOps [21]. As a third criterion, the Operating Cost is taken 
into consideration, referring to the price to pay for the use of the platform [22 ]. One criterion to consider 
is Development Time, which refers to how long it takes to develop and integrate new functionalities, 
and Ease of Integration, based on how easy it is to integrate the ML model into the current work envi-
ronment.  These metrics comprehensively show how machine learning platforms can optimize pro-
cesses in DevOps environments. 

These metrics provide a basis for a comprehensive assessment. For the subsequent multi-criteria 
evaluation using the OWA-TOPSIS model, these metrics were operationalized within the four main cri-
teria (C1-C4) presented to the experts for the final evaluation. Specifically, the Performance criterion 
(C3) was assessed by considering results related to Prediction Accuracy and Development Time. The 
Integration criterion (C2) directly reflected the Ease of Integration with existing DevOps tools and work-
flows. The Cost-benefit criterion (C4) was primarily informed by the Operating Cost analysis of using 
the platform during the experiment. Finally, the Scalability criterion (C1) was evaluated based on the 
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platform's inherent features and capabilities related to adapting to different workloads, as perceived 
through its Ease of Use and configuration flexibility during the experimental setup. This framework 
allowed for a structured evaluation suitable for the OWA-TOPSIS model. 

Once the platforms were selected, we reviewed each one along with the documentation to perform 
controlled experimentation. To do this, we selected and trained a machine learning (ML) model. Mi-
crosoft Azure offers "Azure ML" and AWS, the " SageMaker " tool. A workspace was created on each 
platform. On Azure ML, the "STANDARD_DS3_V2" compute clusters were used to train the model, and 
on AWS, SageMaker, " ml.g 5.48xlarge". The model was trained on each platform with data from a real 
software project through a Flask project clone. Cyclomatic complexity, maintainability index, and the 
number of lines of source code were extracted using the Python tool " radon ", and each feature was 
tagged on GitHub based on its involvement in the project's issues. Once the prediction model was 
trained, we proceeded to deploy it. The chosen ML platforms allowed us to create endpoint APIs to 
integrate the model into a testing process in a DevOps environment, thereby anticipating potential bugs 
in new features in the code. Data was then collected based on the defined metrics, along with expert 
opinions to assess each of the established metrics. 

 
3.1 OWA-TOPSIS METHOD 

 

This section provides a brief overview of the fundamental principles related to SVNS and SVNLS, 
covering definitions, operating principles, and metrics for measuring distances. 

Definition 1 [23]. Let x be an element in a finite set, X. A single-valued neutrosophic set (SVNS), P, 
in X can be defined as in (1): 𝑃 =  { 𝑥, 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)|𝑥 ∈  𝑋},      (1) 

where the truth membership function, 𝑇𝑃(𝑥),the indeterminacy membership function 𝐼𝑃(𝑥), and the 
falsehood membership function 𝐹𝑃(𝑥)clearly adhere to condition (2): 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥) ≤  1;   0 ≤  𝑇𝑃(𝑥) +  𝐼𝑃(𝑥) +  𝐹𝑃(𝑥) ≤  3   (2) 

For a SVNS, P in X, we call the triplet ( 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)) its single-valued neutrosophic value 
(SVNV), denoted simply 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational convenience. 

Definition 2 [23]. Let 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)yy  =  (𝑇𝑦, 𝐼𝑦, 𝐹𝑦)let there be two SVNV. Then 

1) 𝑥 ⊕  𝑦 =  (𝑇𝑥  +  𝑇𝑦  −  𝑇𝑥  ∗  𝑇𝑦, 𝐼𝑥  ∗  𝑇𝑦, 𝐹𝑥  ∗  𝐹𝑦);  
2) 𝜆 ∗ 𝑥  =  (1 −  (1 −  𝑇𝑥)𝜆 , (𝐼𝑥)𝜆 , (𝐹𝑥)𝜆 ), 𝜆 >  0;  
3) 𝑥𝜆  =  ((𝑇𝑥) 𝜆 , 1 −  (1 −  𝐼𝑥)𝜆 , 1 −  (1 −  𝐹𝑥)𝜆 ), 𝜆 >  0 

Let l be 𝑆 =  {𝑠𝛼|𝛼 =  1, … , 𝑙 }a finite, totally ordered discrete term with an odd value, where𝑠𝛼 de-
notes a possible value for a linguistic variable. For example, if 𝑙 =  7, then a set of linguistic terms S 
could be described as follows[24]: 

 𝑆 =  {𝑠1 , 𝑠2, 𝑠3, 𝑠4, 𝑠5, 𝑠6, 𝑠7} = {𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑝𝑜𝑜𝑟, 𝑣𝑒𝑟𝑦 𝑝𝑜𝑜𝑟, 𝑝𝑜𝑜𝑟, 𝑓𝑎𝑖𝑟, 𝑔𝑜𝑜𝑑, 𝑣𝑒𝑟𝑦 𝑔𝑜𝑜𝑑, 𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑔𝑜𝑜𝑑}.   (3) 

Any linguistic variable, 𝑠𝑖 and  𝑠𝑗, in S must satisfy the following rules: 

1) 𝑁𝑒𝑔(𝑠𝑖) =  𝑠−𝑖; 
2) 𝑠𝑖 ≤  𝑠𝑗 ⇔  𝑖 ≤  𝑗; 
3) max(𝑠𝑖, 𝑠𝑗) =  𝑠𝑗, 𝑖𝑓 𝑖 ≤  𝑗; 
4) min(𝑠𝑖, 𝑠𝑗) =  𝑠𝑖 , 𝑖𝑓 𝑖 ≤  𝑗.  



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Miguel Angel Quiroz Martinez, Keyko Garces Salazar, Joshua Montesdeoca Soriano, Monica Gomez-Rios: Comparative anal-
ysis of machine learning platforms to optimize DevOps: application of the Neutrosophic OWA-TOPSIS model. 

 

402 

To avoid information loss during an aggregation process, the discrete set of terms S will be extended 
to a continuous set of terms. 𝑆 =  { 𝑠𝛼|𝛼 ∈  𝑅}.Any two linguistic variables 𝑠𝛼 , 𝑠𝛽 ∈  𝑆satisfy the follow-
ing operational laws [24] : 

1) 𝑠𝛼 ⊕ 𝑠𝛽 =  𝑠𝛼 + 𝛽; 

2) µ𝑠𝛼 =  𝑠µ𝛼 , µ ≥  0; 
3) 𝑠𝛼𝑠𝛽 = 𝑠𝛼𝛽     

Definition 3 [25] Given X, a finite set of universes, a SVNLS, P, in X can be defined as in (4): 𝑃 =  {〈 𝑥, [𝑠𝜃(𝑥) , (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))]〉| 𝑥 ∈  𝑋}      (4) 

where 𝑠𝜃(𝑥) ∈  𝑆̅ , the truth membership function 𝑇𝑃(𝑥)  , the indeterminacy membership function, 𝐼𝑃(𝑥)and the falsehood membership function 𝐹𝑃(𝑥)satisfy condition (5): 

 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)  ≤  1, 0 ≤  𝑇𝑃(𝑥)  +  𝐼𝑃(𝑥)  +  𝐹𝑃(𝑥)  ≤  3.    (5) 

For an SVNLS, P, in X, the 4-tuple 〈𝑠𝜃(𝑥), (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))〉is known as the Single-Valued Neutro-
sophic Linguistic Number (SVNLN), conveniently denoted 𝑥 =   𝑠𝜃(𝑥) , (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational pur-
poses. 

Definition 4 [25] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖 ), (𝑇𝑥𝑖, 𝐼𝑥𝑖 , 𝐹𝑥𝑖)〉 (𝑖 =  1, 2)two SVNLN. Then 

1) 𝑥1 ⊕  𝑥2 =  〈𝑠𝜃(𝑥1 ) + 𝜃𝑥2, (𝑇𝑥1 +  𝑇𝑥2 −  𝑇𝑥1 ∗ 𝑇𝑥2, 𝐼𝑥1 ∗  𝑇𝑥2, 𝐹𝑥1 ∗ 𝐹𝑥2)〉 
2) 𝜆𝑥1 =  〈𝑠𝜆𝜃(𝑥1 ), (1 −  (1 −  𝑇𝑥1)𝜆 , (𝐼𝑥1)𝜆, (𝐹𝑥1)𝜆)〉, 𝜆 >  0; 

3) 𝑥1𝜆  =  〈𝑠𝜃𝜆(𝑥1) , ((𝑇𝑥1)𝜆 , 1 − (1 −  𝐼𝑥1)𝜆 , 1 −  (1 −  𝐹𝑥1)𝜆 )〉 , 𝜆 >  0.  
Definition 5 [25] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖) , (𝑇𝑥𝑖 , 𝐼𝑥𝑖 , 𝐹𝑥𝑖)〉  (𝑖 =  1, 2) two SVNLNs. Their distance 

measure is defined as in (6): 𝑑(𝑥1, 𝑥2𝑣)  =  [|𝑠𝜃(𝑥1)𝑇𝑥1  −  𝑠𝜃(𝑥2)𝑇𝑥2 |µ  +  |𝑠𝜃(𝑥1 ) 𝐼𝑥1  − 𝑠𝜃(𝑥2) 𝐼𝑥2 |µ  +  |𝑠𝜃(𝑥1 )𝐹𝑥1  −  𝑠𝜃(𝑥2)𝐹𝑥2|µ] 1µ (6) 

In particular, equation (6) reduces the Hamming distance of SVNLS and the Euclidean distance of 
SVNLN when µ =  1and µ =  2, respectively. 

3.1.1. MADM Based on the SVNLOWAD-TOPSIS Method 

For a given multi-attribute decision-making problem in SVNL environments, 𝐴 =  {𝐴1, … , 𝐴𝑚} de-
notes a set of discrete feasible alternatives, 𝐶 =  {𝐶1, … , 𝐶𝑛} represents a set of attributes, and 𝐸 = {𝑒1, … , 𝑒𝑘}is a set of experts (or DMs) with weight vector 𝜔 =  {𝜔1, … , 𝜔𝑘}T such that  ∑ 𝑤𝑖𝑛𝑖=1 = 1 and 0 ≤  𝜔𝑖 ≤  1 . Suppose that the attribute weight vector is 𝑠 𝑣 =  (𝑣1, … , 𝑣𝑛)𝑇 , which satisfies  ∑ 𝑣𝑖𝑛𝑖=1 =1 and 𝑣𝑖 ∈  [0, 1]. The evaluation, 𝛼𝑖𝑗(𝑘)given by the expert, 𝑒𝑡(𝑡 = 1,…,𝑘)on the alternative, 𝐴𝑖(𝑖 = 1,…,𝑚),rela-
tive to the attribute, 𝐶𝑗(𝑗 = 1,…,𝑛)forms the individual decision matrix as shown in equation (7):            𝐶1 ⋯ 𝐶𝑛𝐷𝑘 = 𝐴1⋮𝐴𝑛 (𝛼11(𝑘) ⋯ 𝛼1𝑛(𝑘)⋮ ⋱ ⋮𝛼𝑚1(𝑘) ⋯ 𝛼𝑚𝑛(𝑘) )         (7) 

where 𝛼𝑖𝑗𝑘 = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉 is represented by a SVNLN, which satisfies 𝑠𝜃(𝛼𝑖𝑗)𝑘 ∈𝑆̅, 𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘  , 𝐹𝛼𝑖𝑗𝑘 ∈ [0,1]𝑎𝑛𝑑 0 ≤ 𝑇𝛼𝑖𝑗𝑘 + 𝐼𝛼𝑖𝑗𝑘 + 𝐹𝛼𝑖𝑗𝑘 ≤ 3. 
Geng et al. [26] extended the TOPSIS method to fit the SVNLS scenario, and the procedures of the 

extended model can be summarized as follows (Figure 1.). 
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Figure 1. Flowchart of the Multi-Attribute Decision-Making Process with SVNLOWAD 
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Step 1. Normalize the individual decision matrices: 
In practical scenarios, MADM problems can encompass both benefit attributes and cost attrib-

utes. Let 𝐵 and 𝑆 the benefit attribute sets and cost attribute sets, respectively. Therefore, the con-
version rules specified in (8) apply: 
 {𝑟𝑖𝑗(𝑘) = 𝛼𝑖𝑗(𝑘) = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝐵,𝑟𝑖𝑗(𝑘) = 〈𝑠𝑙−𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝑆.      (8) 

Thus, the standardized decision information, 𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛, is set as in (9): 

𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛 = (𝑟11(𝑘) ⋯ 𝑟1𝑛(𝑘)⋮ ⋱ ⋮𝑟𝑚1(𝑘) ⋯ 𝑟𝑚𝑛(𝑘))        (9) 

Step 2. Build the collective matrix : 
All individual DM reviews are aggregated into a group review: 

𝑅 = (𝑟𝑖𝑗)𝑚×𝑛 = ( 𝑟11 ⋯ 𝑟1𝑛⋮ ⋱ ⋮𝑟𝑚1 ⋯ 𝑟𝑚𝑛)       (10) 

Where 𝑟𝑖𝑗 = ∑ 𝜔𝑘𝑡𝑘=1 𝑟𝑖𝑗(𝑘). 
Step 3. Set the weighted SVNL decision information: 
The weighted SVNL decision matrix, 𝑌 , is formed as shown in (11), using the operational laws 
given in Definition 2 above: 
 𝑌 = (𝑦𝑖𝑗)𝑚×𝑛 = ( 𝑣1𝑟11 ⋯ 𝑣𝑛𝑟1𝑛⋮ ⋱ ⋮𝑣1𝑟𝑚1 ⋯ 𝑣𝑛𝑟𝑚𝑛)      (11) 

The OWA operator is fundamental in aggregation techniques, widely studied by researchers [27] . 
Its main advantage lies in organizing arguments and facilitating the integration of experts' attitudes in 
decision making. Recent research has explored OWA in distance measurement, generating variations of 
OWAD [28] . Taking advantage of the benefits of OWA, the text proposes a SVNL OWA distance meas-
ure (SVNLOWAD). Given the desirable properties of the OWA operator, an SVNL OWA distance meas-
ure (SVNLOWAD) is proposed in the following text. 

Definition 6. Let 𝑥𝑗, 𝑥𝑗 (𝑗 = 1, . . . , 𝑛)the two collections be SVNLN. If 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷((𝑥1, 𝑥1′ ), . . . , (𝑥𝑛 , 𝑥𝑛′ )) = ∑ 𝑤𝑗𝑑(𝑥𝑗, 𝑥𝑗′)𝑛𝑗=1 ,    (12) 

Therefore, step 4 of this method can be considered as follows: 

Step 4. For each alternative, 𝐴𝑖the SVNLOWAD is calculated for the PIS, 𝐴+and the NIS 𝐴−, using 
equation (12): 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+), 𝑖 = 1, . . . , 𝑚    (13) 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗−), 𝑖 = 1, . . . , 𝑚    (14) 

where 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−)are the 𝑗 - largest values of 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−), respectively. 

Step 5. In the classic TOPSIS approach, the relative closeness coefocient, 𝐶𝑖 , is used to rank the 
alternatives. However, some researchers have highlighted cases where relative closeness fails to achieve 
the desired objective of simultaneously minimizing the distance from the PIS and maximizing the 
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distance from the NIS. Thus, following an idea proposed in references [30] , in equations (15)–(17), we 
introduce a modified relative closeness coefocient, 𝐶 ′( 𝐴𝑖 ), used to measure the degree to which the 
alternatives, 𝐴𝑖 ( ) = 1,..., 𝑚 =1,...,), are close to the PIS and also far from the NIS, congruently: 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),                    (15) 

where 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖, 𝐴−) = max1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−),     (16) 

and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖, 𝐴+) = min1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+).     (17) 

It is clear that 𝐶′(𝐴𝑖) ≤ 0 (𝑖 = 1, … , 𝑚)the higher the value of 𝐶′(𝐴𝑖)and , the better 𝐴𝑖 the alternative. 
Furthermore, if an alternative 𝐴∗ satisfies the conditions 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴−) =𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴∗, 𝐴−)and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴+) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴∗, 𝐴+), then 𝐶′(𝐴∗) = 0and the alter-
native 𝐴∗is the most suitable candidate, since it has the minimum distance to the PIS and the maximum 
distance to the NIS. 

Step 6. Rank and identify the most desirable alternatives based on the decreasing closeness coefo-
cient 𝐶′(𝐴𝑖)obtained using Equation (15). 

4. Case Study: Comparative analysis of machine learning platforms to optimize DevOps. 
 

Given the increasing complexity of software systems developed using DevOps methodology and the 
consequent need to identify optimal machine learning platforms for their implementation, this study 
comparatively evaluates AWS (Amazon Web Services) and Microsoft Azure as the leading machine 
learning platforms for DevOps environments. For this multi-criteria evaluation, the neutrosophic OWA-
TOPSIS model was used. Three DevOps and machine learning experts participated, evaluating the plat-
forms according to specific criteria, applying the neutrosophic single-valued linguistic sets (SVNLS) 
approach to capture the uncertainty inherent in their evaluation3.3 Evaluation criteria. 

 
The criteria selected to evaluate the platforms were: 

• C1: Scalability (ability to adapt to different workloads) 
• C2: Integration with DevOps tools (ease of integration with CI/CD pipelines) 
• C3: Performance (speed and efficiency in data processing) 
• C4: Cost-benefit (relationship between investment and results obtained) 

The experts assigned the following weights to the criteria: 
• C1 (Scalability): 0.30 
• C2 (Integration with DevOps tools): 0.25 
• C3 (Performance): 0.25 
• C4 (Cost-benefit): 0.20 

 Alternatives evaluated: 
• A1: Amazon Web Services (AWS) 
• A2: Microsoft Azure 

The following set of linguistic terms was used: S = {s₁ = "extremely poor", s₂ = "very poor", s₃ = "poor", 
s₄ = "fair", s₅ = "good", s₆ = "very good", s₇ = "extremely good"} 
Below are the SVNL decision matrices provided by each expert (DM = Decision Maker ): 
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Table 1. Evaluation of alternatives according to Criterion 1 (Scalability) 

 

Alternatives DM1 DM2 DM3 

AWS (A1) S ₆( 0.7,0.1,0.2) S ₆( 0.8,0.1,0.1) S₅ ( 0.6,0.2,0.2) 

Azure (A2) S₅ ( 0.6,0.2,0.2) S₅ ( 0.5,0.3,0.2) S ₆( 0.7,0.1,0.2) 

 

Table 2. Evaluation of alternatives according to Criterion 2 (Integration with DevOps tools) 
 

Alternatives DM1 DM2 DM3 

AWS (A1) S₅ ( 0.6,0.2,0.2) S₄ ( 0.5,0.3,0.2) S₅ ( 0.7,0.1,0.2) 

Azure (A2) S ₆( 0.8,0.1,0.1) S ₆( 0.7, 0.2, 0.1) S ₆( 0.8,0.1,0.1) 

 

Table 3. Evaluation of alternatives according to Criterion 3 (Performance) 
 

Alternatives DM1 DM2 DM3 

AWS (A1) S ₆( 0.7, 0.2, 0.1) S ₆( 0.6,0.2,0.2) S₅ ( 0.6,0.3,0.1) 

Azure (A2) S₅ ( 0.6,0.2,0.2) S₅ ( 0.5,0.2,0.3) S ₆( 0.7,0.1,0.2) 

 

Table 4. Evaluation of alternatives according to Criterion 4 (Cost-benefit) 
 

Alternatives DM1 DM2 DM3 

AWS (A1) S₄ ( 0.5,0.3,0.2) S₄ ( 0.4,0.4,0.2) S₅ ( 0.6,0.2,0.2) 

Azure (A2) S₅ ( 0.7,0.2,0.1) S₅ ( 0.6,0.3,0.1) S ₆( 0.7,0.1,0.2) 

 
Applying the operations defined for SVNLS, the collective decision matrix was calculated consider-

ing an equal weight for each expert (ω₁ = ω₂ = ω₃ = 0.333). 
 

Table 5. SVNL Collective Decision Matrix 
 

Al-

ter-

nati-

ves 

C1 (Scalability) C2 (Integration) C3 (Performance) C4 (Cost-benefit) 

AWS 
(A1) 

S₅.67(0.704,0.129,0.16
2) 

S₄.67(0.610,0.191,0.20
0) 

S₅.67(0.636,0.232,0.13
2) 

S₄.33(0.507,0.294,0.20
0) 

Azur
e 
(A2) 

S₅.33(0.607,0.193,0.20
0) 

S₆.00(0.774,0.129,0.10
0) 

S₅.33(0.607,0.166,0.23
2) 

S₅.33(0.669,0.193,0.13
2) 

By applying the criteria weights to the collective decision matrix, the weighted matrix is obtained. 
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Table 6. Weighted collective SVNL decision matrix 
 

Al-

ter-

nati-

ves 

C1 (Scalability) C2 (Integration) C3 (Performance) C4 (Cost-benefit) 

AWS 
(A1) 

S₁.70(0.324,0.614,0.70
4) 

S₁.17(0.212,0.720,0.71
8) 

S₁.42(0.224,0.734,0.68
6) 

S₀.87(0.136,0.792,0.76
0) 

Azur
e 
(A2) 

S₁.60(0.275,0.675,0.72
1) 

S₁.50(0.297,0.614,0.66
8) 

S₁.33(0.210,0.719,0.75
5) 

S₁.07(0.197,0.675,0.68
6) 

 
In the context of the OWA-TOPSIS model, the PIS (Positive Ideal Point) and the NIS (Negative Ideal 

Point) were determined: 
• PIS (A⁺): (S₁.70(0.324,0.614,0.704), S₁.50(0.297,0.614,0.668), S₁.42(0.224,0.734,0.686), 

S₁.07(0.197,0.675,0.686)) 
• NIS (A⁻): (S₁.60(0.275,0.675,0.721), S₁.17(0.212,0.720,0.718), S₁.33(0.210,0.719,0.755), 

S₀.87(0.136,0.792,0.760)) 
 

The OWA weight vector used was W = (0.35, 0.30, 0.20, 0.15), reflecting the attitude of the decision-
makers. Applying equations (13) and (14), the SVNLOWAD measures between each alternative and the 
ideal points were obtained. 

 
Table 7. Relative distances between each alternative and the reference points 

 
Alternatives SVNLOWAD( A ᵢ ,A ⁺) SVNLOWAD( A ᵢ ,A ⁻) C' 

AWS (A1) 0.231 0.142 -2.89 

Azure (A2) 0.105 0.237 -0.78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relative distances between each alternative and the reference points 
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4.  Results and Discussion 

The results of the analysis using the neutrosophic OWA-TOPSIS method show that: 
• Microsoft Azure (A2) has a higher C' value (-0.78) compared to AWS (-2.89) 
• Azure has a smaller distance from the positive ideal point (0.105 vs 0.231) 
• Azure shows a greater distance to the negative ideal point (0.237 vs 0.142) 

 
According to the OWA-TOPSIS methodology, the higher the C' value, the more desirable the alter-

native being evaluated. In this case, Microsoft Azure emerges as the most suitable platform for imple-
menting machine learning in DevOps environments. 
Detailed analysis by criteria reveals that: 

1. Scalability (C1): AWS scored slightly higher (S₅.67) than Azure (S₅.33), demonstrating a 
perceived greater ability to adapt to different workloads. 

2. Integration with DevOps tools (C2): Azure significantly outperformed AWS (S₆.00) over 
AWS (S₄.67), representing a considerable advantage in terms of ease of integration with 
CI/CD pipelines and other DevOps tools. 

3. Performance (C3): AWS was rated slightly better (S₅.67) than Azure (S₅.33) in terms of 
speed and efficiency in data processing. 

4. Cost-effectiveness (C4): Azure scored significantly higher (S₅.33) than AWS (S₄.33), sug-
gesting a better perception of the relationship between investment and results obtained. 

 
A comparative analysis of machine learning platforms for optimizing DevOps environments, using 

the neutrosophic OWA-TOPSIS model, has determined that Microsoft Azure represents the most suit-
able alternative for this purpose. This conclusion is based on a comprehensive evaluation of relevant 
criteria such as scalability, integration, performance, and cost-effectiveness. 
While AWS demonstrates strengths in scalability and performance, Azure significantly excels in crucial 
aspects for DevOps environments, particularly in integration with DevOps tools and cost-effectiveness. 
These factors were decisive in the final evaluation using the OWA-TOPSIS model. 
It is important to note that this analysis was conducted in a specific context and with specific criteria. 
The choice of the optimal platform may vary depending on the specific requirements of each organiza-
tion and project. Therefore, it is recommended that each implementation consider its specific needs be-
fore selecting the most appropriate platform. 
This study demonstrates the utility of the neutrosophic OWA-TOPSIS model for decision-making in 
multi-criteria contexts where there is uncertainty in the evaluations, such as the selection of technology 
platforms for DevOps environments. 
 
5. Conclusion 

 

Analysis using the neutrosophic OWA-TOPSIS model reveals that Microsoft Azure stands out as the 
most suitable platform for implementing machine learning in DevOps environments, outperforming 
AWS in the overall evaluation. This finding is based on Azure's closer distance from the positive ideal 
point and its greater separation from the negative ideal point, reflecting superior performance across 
key criteria. The methodology employed allowed for the integration of complex assessments, capturing 
nuances that conventional approaches might overlook. The practical relevance of these results is signif-
icant for organizations seeking to optimize their DevOps processes. Azure's advantage in integration 
with CI/CD tools and its favorable cost-benefit ratio offer clear guidance for practitioners and decision-
makers. These strengths can translate into more efficient workflows, shorter implementation times, and 
better resource allocation in machine learning projects. 

This study offers a notable innovation by introducing the neutrosophic OWA-TOPSIS model as a 
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robust tool for evaluating technological platforms in contexts of high uncertainty. By combining criteria 
such as scalability, performance, integration, and cost, the research not only enriches theoretical 
knowledge on multi-criteria decision-making but also provides a practical framework for selecting tech-
nological solutions tailored to specific needs. However, the study faces certain limitations that should 
be considered. The evaluation was based on a specific set of criteria and a particular context, which 
could restrict the applicability of the results to other scenarios. Furthermore, the inherent subjectivity of 
expert assessments introduces variability that could influence the generalizability of the conclusions. 
For future research, we suggest exploring complementary approaches, such as artificial intelligence 
techniques or fuzzy methods, which could further refine the accuracy of the assessments. Expanding 
the scope of the study to different organizational contexts and additional criteria would allow for the 
validation and strengthening of the findings. Furthermore, we recommend that organizations conduct 
customized assessments, considering their specific priorities and requirements, to ensure the selection 
of the most appropriate platform. 
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Abstract. Human resource management could leverage global environmental concerns to promote green 

practices. Furthermore, ecological sustainability is a major concern in modern society. Among other tools, 

the affective, normative, and continuance dimensions of organizational commitment are central to or-

ganizational implementation. This study aims to determine the relationship between environmental sus-

tainability and organizational commitment in rainbow trout production in the Ingenio-Junín district. For 

data processing, we use the plithogenic soft set theory. On the one hand, plithogenic theory allows for 

the modeling of multidimensional phenomena with dynamics composed of elements of diverse origin, 

where each concept, its opposite, and its neutral are considered. Soft set theory effectively models the 

uncertainty inherent in data derived from human subjectivity. Plithogenic soft sets are the product of the 

hybridization of both concepts, which allows us to take advantage of the benefits of both tools. The study 

we propose to conduct depends on variables of diverse origin, having uncertainty in the measurements. 

This is why plithogenic soft sets are suitable for performing the proposed study. 

 

Keywords: Organizational commitment, environmental sustainability, plithogenic set, soft set, plitho-

genic soft set, plithogenic fuzzy soft set.

 

1 Introduction 

The lack of adequate human resource policies has led to growing social and environmental concerns. 

Organizations must address social, economic, and environmental concerns, particularly in the public 

sector. Incorporating green initiatives into human resource programs can ensure an organization's sus-

tainability and motivate its employees. Therefore, human resources and environmental management 

must be integrated to maintain environmental sustainability. 

Green human resource management practices contribute significantly to the development of policies 

that promote sustainable resources. Several steps have been considered to improve organizational per-

formance through environmentally responsible practices. Likewise, it is essential that an organization 

has the support of its employees, who will be responsible for promoting and implementing a green 

work environment to achieve a high level of environmental performance. As a result, organizations 
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must implement human resource programs and encourage employees to adopt green behavior with 

defined ecological objectives. Environmental protection has shown that employees play a primary role 

in creating a green organization. Performance can be improved when employees engage in pro-envi-

ronmental practices, such as water conservation, recycling, and introducing new ideas for environmen-

tal sustainability. 

Therefore, environmental sustainability has recently captured the attention of scholars and research-

ers. Several studies have been conducted on environmental sustainability, including in the healthcare 

sector, the manufacturing sector, and fish farms. Therefore, much remains to be learned about organi-

zational commitment and environmental sustainability. Because sustainable organizations would ben-

efit from integrating green practices into organizational commitment functions. An organization could 

become more productive while protecting the environment, optimizing overall performance, improving 

organizational sustainability, and increasing employee productivity and well-being. 

Human resource management helps an organization achieve its strategic objectives. In addition, tra-

ditional human resources responsibilities include communicating the company's strategy to employees 

and helping them internalize it. Because the human resources function is critical to achieving environ-

mentally friendly organizational objectives. 

Furthermore, the dimensions of organizational commitment directly influence an organization's en-

vironmental performance. Therefore, organizational commitment plays a crucial role in influencing en-

vironmental sustainability, which is reflected in an organization's environmental performance. Simi-

larly, organizational commitment can be viewed as a determining factor in the success or failure of green 

efforts within an organization. Social identity theory suggests that employees inclined to embody posi-

tive organizational ideals are the most committed to the organization. For example, employees who care 

about the environment support environmental initiatives; employees who exhibit high levels of organ-

izational commitment are often emotionally attached to their employers. Organizational commitment 

is the relative strength of an individual's identification with and involvement in a particular organiza-

tion. It is critical to motivate employees to engage in altruistic or prosocial behaviors, such as organiza-

tional citizenship. 

Therefore, it is necessary to understand which dimensions of organizational commitment could in-

fluence the behavior of green employees. Similarly, several studies have investigated how external fac-

tors affect employees' selection of green behaviors based on motivation theory. Furthermore, other ap-

proaches and perspectives can enhance our understanding of how organizational commitment contrib-

utes to sustainable development. In this article, we address organizational and ecological commitment 

within the context of aquaculture companies. 

To meet the growing demand for aquaculture products and the need for high protein sources, aq-

uaculture is one of the most dynamic animal production sectors, with volumes expanding by 7.7% an-

nually since the 1980s. Aquaculture has been the main source of fish for human consumption since 2015. 

In 2021, it provided 53% of the world's fish population, a percentage that is expected to increase in the 

long term as part of the solution to providing sufficient food and protein to more than nine billion peo-

ple by 2050. 

Animal production systems, including aquaculture, are widely criticized for their impacts on envi-

ronmental sustainability. Aquaculture is responsible for many direct impacts related to the eutrophica-

tion of aquatic ecosystems due to the emission of nutrients (e.g., nitrogen (N), phosphorus (P), particu-

late matter) and intensive use of water, land, and energy; but also for indirect impacts related to the 

production of fish feed, especially for rainbow trout feed can account for 65%–95% of the environmental 

impacts of animal products leaving a farm. For rainbow trout, feed production can contribute 73–87% 

of climate change impacts, 86% of acidification impacts, and 68–96% of net primary production use 

(NPPU). Aquaculture is also criticized for its heavy reliance on limited resources due to its extensive 

use of fishmeal and fish oil. 

Therefore, a major challenge for aquaculture is to find new practices to make its development more 
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environmentally friendly. The main way to reduce the environmental impacts of aquaculture is to im-

prove feed efficiency and growth performance. However, since feeds contribute significantly to the en-

vironmental impacts of aquaculture production, new feed formulation strategies must be implemented. 

Since the environmental impacts of feeds are strongly determined by their ingredients, there is potential 

to reduce the environmental impacts of aquaculture by formulating feeds with lower environmental 

impacts. 

In this regard, this study will analyze organizational commitment to environmental sustainability 

as a tool for environmental management and behavioral indicators of the intention to use the services 

offered by aquaculture. This study will contribute to the literature on environmental variables and be-

havior linked to the environment. 

The primary objective of this article is to determine the relationship between environmental sustain-

ability and organizational commitment in rainbow trout production in the Ingenio-Junín district, in 

Peru. The secondary objectives are: 

• To analyze the association between the affective dimension and environmental sustainability in 

trout production. 

• Determine the relationship between the regulatory dimension and environmental sustainability 

in trout production. 

• Identify the association between the dimension of continuity and environmental sustainability 

in trout production. 

The proposed problem is modeled using variables derived from different sources, such as the dy-

namics between workers in a work organization, the dynamics in an ecological environment, economics, 

and politics, among others. It involves the interaction between various dynamics of different natures. 

This is why we chose the theory of plithogeny because its objective is to replace classical dialectics with 

a mathematical representation of the dynamics between concepts, their opposites, and neutrals, where 

neutral also means the erroneous, the paradoxical, the unknown, the inconsistent, and so on [1, 2]. 

On the other hand, Soft sets are a tool that emerged to model uncertainty and generalize fuzzy sets 

[3-5]. This tool has been hybridized with fuzzy sets, intuitionistic fuzzy sets, and neutrosophic sets [6-

10]. Furthermore, we can recently find their hybridization with plithogenic sets in the literature [11-14]. 

In this way, the uncertainty modeled with soft sets is combined with the multidimensionality repre-

sented with the help of plithogenic sets. 

To meet these purposes, this paper is divided into a Materials and Methods section dedicated to 

recalling the main concepts needed to define Plithogenic Soft Sets. The Results section contains the the-

oretical elements used and the results achieved in the calculations. The article ends with the Conclusion 

section. 

2 Materials and Methods 

In this section, we review the main concepts related to soft sets, fuzzy soft sets, intuitionistic fuzzy 

soft sets, and neutrosophic soft sets. The following subsection contains the elements of the plithogenic 

sets and plithogenic soft sets. 

2.1 Soft Sets and Extensions 

Definition 1 ([4]). A Soft Set over 𝑈 is a pair (𝐹, 𝐸), where 𝑈 is the initial universal set, 𝐸 is the set of 

parameters, and 𝐹 is the mapping from 𝐸 to 𝒫(𝑈), which is the power set of 𝑈. 

So, given a parameter 𝜀 ∈ 𝐸, we have 𝐹(𝜀) ∈ 𝒫(𝑈) as the set of 𝜀 −approximate elements of (𝐹, 𝐸). 
Definition 2 ([6]). A Fuzzy Soft Set over 𝑈 is a pair (𝐹, 𝐸), where 𝑈 is the initial universal set, 𝐸 is the 

set of parameters, and 𝐹 is the mapping from 𝐸 to ℱ(𝑈), which is the set of fuzzy subsets of 𝑈. 

Definition 3 ([1]). An Intuitionist Fuzzy Soft Set over 𝑈 is a pair (𝐹, 𝐸), where 𝑈 is the initial universal 

set, 𝐸 is the set of parameters, and 𝐹 is the mapping from 𝐸 to ℐℱ(𝑈), which is the set of intuitionistic 
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fuzzy subsets of 𝑈. 

Definition 4 ([1]). A Neutrosophic Soft Set over 𝑈 is a pair (𝐹, 𝐸), where 𝑈 is the initial universal set, 𝐸 is the set of parameters, and 𝐹 is the mapping from 𝐸 to 𝒩(𝑈), which is the set of neutrosophic sub-

sets of 𝑈. 

2.2 Plithogenic Sets and Plithogenic Soft Sets 

If 𝑈 is the universe of discourse, then fix 𝑃 which is a non-empty set of elements, and 𝑃 ⊂ 𝑈 [1, 2]. 

Furthermore, it follows that A  is the non-empty set of one- dimensional attributes, such that A = {α1, α2, … , αm}, m ≥  1. By each α ∈  A we have a spectrum of all possible values (or states) 𝑆 that can 

be a discrete finite set S =  {s1, s2, … , sl}, 1 ≤  l < ∞, or an infinitely countable set S =  {s1, s2, … , s∞}, or 

an infinitely uncountable (continuous) set S = ]a, b[, a <  b.] … [ denotes any open, half-open, or closed 

interval of the set of real numbers or another general set. 

On the other hand, 𝑉 ⊂ 𝑆 and 𝑉 ≠ ∅ is the range of all attributes that experts need for the given ap-

plication. Then, for each x ∈ P the values of all attributes in V =  {v1, v2, … , vn}, and n ≥  1, are defined. 

Generally, there is a value called dominant attribute value in V, which is selected by experts according 

to their criteria of which it is the most important attribute to meet the proposed objective. 

The element v ∈  V has a degree of approval d(x, v) of the element x, to the set P, for some assumed 

criteria. 

The degree of appurtenance is classified as the fuzzy degree of appurtenance, an intuitionistic fuzzy degree 

of appurtenance, or a neutrosophic degree of appurtenance to the plithogenic set. 

So, we have the attribute value appurtenance degree function as: ∀𝑥 ∈  𝑃, 𝑑: 𝑃 × 𝑉 →  𝒫 ([0, 1]𝑧)              (1) 

That is, 𝑑(𝑥, 𝑣) is a subset of [0, 1]z, such that 𝒫([0,1]z) is the power set of [0, 1]z, where z determines 

the type of appurtenance. In particular, z = 1 means a fuzzy degree of appurtenance, z = 2 denotes an intui-

tionistic fuzzy degree of appurtenance, and z = 3 is for the neutrosophic degree of appurtenance. 

The function c: V × V →  [0, 1] is the attribute value contradiction degree function between any two at-

tribute values v1 and v2. This satisfies the following axioms: 

1. c(v1, v1)  =  0, i.e., the degree of contradiction between the same attribute values is zero; 

2. c(v1, v2)  =  c(v2, v1), commutativity. 

There is a distinction for the function c according to the value 𝑧. The fuzzy attribute value contradiction 

degree function is denoted by cF, the intuitionistic fuzzy attribute value contradiction function is a function cIF: V × V →  [0, 1]2 , while the neutrosophic attribute value contradiction degree function is defined by cN: V × V →  [0, 1]3. 
In general, it deals with one-dimensional attributes values and the degree of disagreement among 

them. In the case that we have multi-dimensional attributes values, these can be broken down into one-

dimensional attributes values. 

The attribute value contradiction degree function allows for greater accuracy when performing cal-

culations about some grouping methods and ordering systems. These values are taken according to the 

experts' criteria on the specific problem to be solved. If an attribute cannot be determined, value contra-

diction degree function accuracy will be lost, although all this theory can still be used. 

Having defined the previous concepts, (𝑃, 𝑎, 𝑉, 𝑑, 𝑐) is a plithogenic set that meets the following: 

1. 𝑃 is a set, 𝑎 is a uni-dimensional or generally multidimensional attribute, 𝑉 is the rank of 

the attribute values, 𝑑 is the degree of appurtenance of the attribute value of each element 𝑥 to the set 𝑃, x ∈  P, for some given criteria. Finally, 𝑑 is either dF, dIF, or dN, when it is a 
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fuzzy degree of appurtenance, an intuitionistic fuzzy degree of appurtenance, or a neutro-

sophic degree of appurtenance, respectively, of an element x to the plithogenic set P; 

2. On the other hand, we define 𝑐 either as cF, cIF or cN, if it is the fuzzy degree of contradic-

tion, intuitionistic fuzzy degree of contradiction, or neutrosophic degree of contradiction 

between attribute values, respectively. 

Experts define d(∙,∙) and c(∙,∙) by the domain of expertise in which they operate. 

The notation used is as follows: 𝑥(𝑑(𝑥, 𝑉)), where 𝑑(𝑥, 𝑉)  =  {𝑑(𝑥, 𝑣), 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈  𝑉}, ∀𝑥 ∈  𝑃. 

To calculate the degree of attribute value contradiction is performed on each attribute value in par-

ticular and the dominant attribute value, called vD. 

The attribute value contradiction degree function c between the attribute values is included in the 

definition of plithogenic aggregation operators (intersection (AND), union (OR), implication (⟹), equiva-

lence (⟺), inclusion relation (partial order), and other plithogenic aggregation operators combining two 

or more attribute value degrees acting on the t-norm and t-conorm. 

Most of the plithogenic aggregation operators are linear combinations of the fuzzy t-norm (∧F), and 

the fuzzy t-conorm (∨F). Nonlinear combinations can also be defined. 

Having the t-norm and t-conorm calculus between the dominant attribute value (vD) with another 

attribute value (v2), and also c(vD, v2) denotes the contradiction between vD and v2, then we can define 

the following operations: [1 −  c(vD, v2)] ⋅ tnorm(vD, v2)  +  c(vD, v2) ⋅ tconorm(vD, v2)             (2), 

Or, what is the same: [1 −  c(vD, v2)] ⋅ (vD ∧F v2)  +  c(vD, v2) ⋅ (vD ∨F v2)                         (3), 

Also, [1 −  c(vD, v2)] ⋅ tconorm(vD, v2)  +  c(vD, v2) ⋅ tnorm(vD, v2)            (4), 

Or, [1 −  c(vD, v2)] ⋅ (vD ∨F v2)  +  c(vD, v2) ⋅ (vD ∧F v2)                         (5). 

The Plithogenic Neutrosophic Intersection is defined in Equation 6: (a1, a2, a3) ∧P (b1, b2, b3)  =  (a1 ∧F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∨F b3)                   (6), 

The Plithogenic Neutrosophic Union is as follows: (a1, a2, a3) ∨P (b1, b2, b3)  =  (a1 ∨F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∧F b3)                   (7), 

To define the Plithogenic Neutrosophic Inclusion we have: 

Due to the degrees of contradiction are c(a1, a2)  =  c(a2, a3)  =  c(b1, b2)  =  c(b2, b3)  =  0.5, then: a2  ≥  [1 −  c(a1, a2)]b2 or a2  ≥  (1 − 0.5)b2 or a2  ≥  0.5b2 and c(a1, a3)  =  c(b1, b3)  =  1. 

When a1 ≤  b1  the opposite applies for a3 ≥  b3 , and then (a1, a2, a3) ≤P (b1, b2, b3) if and only if a1  ≤  b1 and a2  ≥  0.5b2, a3  ≥  b3. 

Applications of Plithogenic sets and Plithogenic logic can be read in [15-19]. 
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Definition 5 ([1, 2]). Let 𝑈 be a universe of discourse, 𝒫([0,1]𝑧) is the z-power of 𝑈, such that: 

• z = 0 is the power set of 𝑈, 

• z = 1 is the fuzzy power set of 𝑈, 

• z = 2 is the intuitionistic fuzzy power set of 𝑈, 

• z = 3 is the neutrosophic power set of 𝑈, 

Let α1, α2, … , αm , m ≥  1 , be 𝑚  different attributes, where their attribute values are in the sets V1, V2, … , Vm, such that Vi ∩ Vj = ∅ if 𝑖 ≠ 𝑗, and 𝑖, 𝑗 ∈ {1, 2, … ,𝑚}. Let us suppose that Vi = {𝑣𝑖1 , 𝑣𝑖2 , … , 𝑣𝑖𝑛𝑖} 
and also Υ = V1 × V2 × …× Vm. D = {𝑣𝐷1 , 𝑣𝐷2 , … , 𝑣𝐷𝑚} are the dominant attributes elements of Ai, and c𝑖(𝑣𝐷𝑖, 𝑣𝑖𝑗) is the attribute contradiction degree function such that: c𝑖: Vi × Vi → [0, 1]. We say the pair (𝐹𝑃𝑧 , Υ) is the Plithogenic Soft Set (PSS) over 𝑈, such that: 𝐹𝑃𝑧: Υ → [0, 1]𝐷 ×𝒫([0, 1]𝑧)                   (8) 

Definition 6 ([1]). The union of two PSSs (𝐹𝑃𝑧 , A) and( 𝐺𝑃𝑧 , B) over 𝑈, denoted by (𝐹𝑃𝑧 , A) ∨𝑃𝑧 (𝐺𝑃𝑧 , B) is 

the PSS (𝐻𝑃𝑧 , Ω), where Ω = A ∪ B such that ∀𝜀 ∈ Ω, 

𝐻𝑃𝑧(𝜀) = { 𝐹𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐴 ∖ 𝐵 𝐺𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐵 ∖ 𝐴𝐹𝑃𝑧(𝜀) ∨𝑃𝑧 𝐺𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐵⋂𝐴  

Where ∨𝑃𝑧  is the z-plithogenic union. 

Definition 7 ([1]). The intersection of two PSSs (𝐹𝑃𝑧 , A)  and (𝐺𝑃𝑧 , B)  over 𝑈 , denoted by (𝐹𝑃𝑧 , A) ∧𝑃𝑧 (𝐺𝑃𝑧 , B) is the PSS (𝐻𝑃𝑧 , Ω), where Ω = A ∩ B such that ∀𝜀 ∈ Ω, 

𝐻𝑃𝑧(𝜀) = { 𝐹𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐴 ∖ 𝐵 𝐺𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐵 ∖ 𝐴𝐹𝑃𝑧(𝜀) ∧𝑃𝑧 𝐺𝑃𝑧(𝜀), 𝑖𝑓 𝜀 ∈ 𝐵⋂𝐴  

Where ∨𝑃𝑧  is the z-plithogenic intersection. 

Definition 8 ([1]). Given (𝐹𝑃𝑧 , E) and (𝐺𝑃𝑧 , E) are two PSSs over (𝑈, 𝐸). The similarity between (𝐹𝑃𝑧 , E) 
and (𝐺𝑃𝑧 , E) is denoted by 𝒮(𝐹𝑃𝑧 , 𝐺𝑃𝑧) and defined by: 𝒮(𝐹𝑃𝑧 , 𝐺𝑃𝑧) = 1|𝐸|∑ 𝑀𝑘|𝐸|𝑘=1                    (9) 

𝑀𝑘 = 1 − ∑ ∑ |𝐹𝑗(𝑒𝑖𝑘)−𝐺𝑗(𝑒𝑖𝑘)||𝑒|𝑖=1|𝑈|𝑗=1∑ ∑ |𝐹𝑗(𝑒𝑖𝑘)+𝐺𝑗(𝑒𝑖𝑘)||𝑒|𝑖=1|𝑈|𝑗=1 , for 𝑒 ∈ 𝐸. 

Definition 9 ([1]). Given (𝐹𝑃𝑧 , E)  and (𝐺𝑃𝑧 , E) are two PSSs over (𝑈, 𝐸) . It is said that (𝐹𝑃𝑧 , E)  and (𝐺𝑃𝑧 , E) are significantly similar if 𝒮(𝐹𝑃𝑧, 𝐺𝑃𝑧) ≥ 12. 
Properties: Given (𝐹𝑃𝑧 , E), (𝐺𝑃𝑧 , E), and (𝐻𝑃𝑧 , E), are three PSSs over (𝑈, 𝐸), then: 

(1) 𝒮(𝐹𝑃𝑧 , 𝐺𝑃𝑧) = 𝒮(𝐺𝑃𝑧 , 𝐹𝑃𝑧), 
(2) 0 ≤ 𝒮(𝐹𝑃𝑧, 𝐺𝑃𝑧) ≤ 1, 

(3) 𝐹𝑃𝑧 = 𝐺𝑃𝑧  implies 𝒮(𝐹𝑃𝑧 , 𝐺𝑃𝑧) = 1. 

(4) 𝐹𝑃𝑧 ⊆ 𝐺𝑃𝑧 ⊆ 𝐻𝑃𝑧 implies 𝒮(𝐹𝑃𝑧 , 𝐻𝑃𝑧) ≤ 𝒮(𝐺𝑃𝑧 , 𝐻𝑃𝑧). 
3 Results 

This research sought to link organizational commitment to trout production at the El Ingenio Fish 

Farm with environmental sustainability. The organizational commitment of the fish farm's employees 

is to reduce the negative impacts caused by trout production, specifically in water resource management. 

The instruments were applied to 28 workers. The first part of the instrument determined their 
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demographic characteristics, and the second part determined the components of organizational com-

mitment and its environmental sustainability. 

Sampling was non-probability and used a convenience sampling approach. The authors contacted 

the fish farm's collaborators to request their participation. Volunteers were not required to undergo 

ethical review or obtain permission as part of the study. The questionnaires required participants to 

refrain from providing any identifying or personal information, which was entirely voluntary. 

The technique and instrument used was a survey. This technique is one of the ways to study people 

who retain experiences and perspectives through observation at a deep, detailed, and nuanced level for 

each participant. Collecting data through the survey was very important for testing the existence and 

strength of relationships between the affective, normative, continuity, and sustainability dimensions, 

and even for making predictions based on the correlations. 

Workers were interviewed according to the following questionnaire: 

 

Table 1. Questionnaire corresponding to the questions on the affective, normative, and continuity dimensions. 

 

ORGANIZATIONAL COMMITMENT (AFFECTIVE DIMENSION) 

1 You feel satisfied to belong to your institution 

2 This company means a lot to you 

3 You feel part of this trout production company 

4 You feel involved with the successes and problems of this company 

5 You enjoy discussing your work with the general public 

6 You feel happy to come to work at this company 

ORGANIZATIONAL COMMITMENT (NORMATIVE DIMENSION) 

7 You are respectful of your company's internal regulations 

8 You come to work because you feel morally obliged 

9 If you had another job offer from the company, do you think it would be right to leave your 

current job? 

10 This company deserves your loyalty 

11 You wouldn't leave this company because you feel obligated by your colleagues 

12 You would feel guilty leaving this company because you would recognize everything this com-

pany had given you at the time 

13 You think you owe a lot to this company. 

CONTINUITY DIMENSION 

14 One of the main reasons to continue working is for the remuneration 

15 You think you have very little chance of getting another job like this 

16 The main reason you continue working at this company is because it would be difficult for you 

to get another job like this 

17 It would be very hard and painful to leave this company 

18 Your goal for your family would be interrupted by stopping working at this company. 

 
Table 2. Questionnaire corresponding to the questions on the environmental dimension. 

 

ENVIRONMENTAL SUSTAINABILITY 

1 When workers begin their cleaning work, they have their PPE (gloves, caps, boots, etc.) 

2 Trout production tanks are constantly being maintained (cleaned) 

3 The water entering the fish farm is temporarily analyzed (physicochemical and microbiolog-

ical analysis) 

4 The flow leaving the fish farm is under supervision as indicated by the standard 
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ENVIRONMENTAL SUSTAINABILITY 

5 Reports on activities related to environmental performance are published 

6 There are policies and programs to reduce water, soil, and air pollution 

7 The fish farm has its environmental assessment impact study or other environmental man-

agement document 

8 There is an area designated for the treatment of their solid waste 

9 In recent years, you have observed that the fish farm has acquired some equipment to reduce 

its environmental impacts 

10 Did you know that eutrophication (green algae) of river water is caused by fish farming ac-

tivity? 

 

Respondents are asked to respond on a Likert-type scale with the following possible responses: 

1. Totally non-agree, 

2. In non-agreement, 

3. Neither agree nor disagree, 

4. Agree, 

5. Totally agree. 

 

The universe set is 𝑈 = {𝑢1, 𝑢2, … , 𝑢28} made up of the 28 respondents. 

The set of parameters 𝑄 = {𝑞1, 𝑞2, … , 𝑞28} corresponds to each of the questions asked. 

Each question 𝑞𝑖 is associated with a set 𝑉𝑖  of possible answers on the Likert-type scale indicated 

above. 

Additionally, we associate a fuzzy value to each of the possible values of the Likert scale as indicated 

in Table 3.  

 

Table 3. Linguistic values of the proposed Likert scale and their assigned numerical values. 

 

LIKERT SCALE VALUE ASSOCIATED NUMERICAL VALUE 

Totally disagree (TD) 0 

Non-agree (NA) 0.25 

Neither agree nor disagree (I) 0.5 

Agree (A) 0.75 

Totally agree (TA) 1 

 

The parameter set 𝑄 is reduced to the set of parameters 𝐷𝑖𝑚 = {𝑑𝑖𝑚1, 𝑑𝑖𝑚2, 𝑑𝑖𝑚3, 𝑑𝑖𝑚4} such that 𝑑𝑖𝑚1 is associated with the median of the Likert scale related to questions 𝑞1, 𝑞2, … , 𝑞6. Equivalently, 𝑑𝑖𝑚2 is associated with the results for 𝑞7, 𝑞8, … , 𝑞13, 𝑑𝑖𝑚3 with the results for 𝑞14, 𝑞15, … , 𝑞18, and 𝑑𝑖𝑚4 

with the results for 𝑞19, 𝑞20, … , 𝑞28. 

The vector of dominant elements for the four parameters is defined as 𝐷4 = (𝑇𝐴, 𝑇𝐴, 𝑇𝐴, 𝑇𝐴). 
Aside from that, let us define the set 𝐻4 as follows: 

𝐻4 = { 
 𝜖1 = (𝑇𝐴, 𝑇𝐴, 𝑇𝐴, 𝑇𝐴), 𝜖2 = (𝐴, 𝑇𝐴, 𝑇𝐴, 𝑇𝐴), 𝜖3 = (𝑇𝐴, 𝐴, 𝑇𝐴, 𝑇𝐴), 𝜖4 = (𝑇𝐴, 𝑇𝐴, 𝐴, 𝑇𝐴),𝜖5 = (𝑇𝐴, 𝑇𝐴, 𝑇𝐴, 𝐴), 𝜖6 = (𝐴, 𝐴, 𝑇𝐴, 𝑇𝐴), 𝜖7 = (𝐴, 𝑇𝐴, 𝐴, 𝑇𝐴), 𝜖8 = (𝐴, 𝑇𝐴, 𝑇𝐴, 𝐴),𝜖9 = (𝑇𝐴, 𝐴, 𝐴, 𝑇𝐴), 𝜖10 = (𝑇𝐴, 𝐴, 𝑇𝐴, 𝐴), 𝜖11 = (𝑇𝐴, 𝑇𝐴, 𝐴, 𝐴), 𝜖12 = (𝐴,𝐴, 𝐴, 𝑇𝐴),𝜖13 = (𝐴, 𝐴, 𝑇𝐴, 𝐴), 𝜖14 = (𝐴, 𝑇𝐴, 𝐴, 𝐴), 𝜖15 = (𝑇𝐴, 𝐴, 𝐴, 𝐴), 𝜖16 = (𝐴, 𝐴, 𝐴, 𝐴) } 

 
, 

Attribute calculations value contradiction degree function are performed with the help of the nu-

merical values shown in Table 3 and Equation 10 below: 
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𝑐(𝑣𝑎 , 𝑣𝑏) = |𝑤𝑎 −𝑤𝑏|                             (10) 

That is, the contradiction between two Likert scale values is calculated as the absolute value of the 

difference between their corresponding associated linguistic values. For example, 𝑐(𝑇𝐴, 𝐴) =|1 − 0.75| = 0.25. 

With all these notes we have the following: 

We will use the plithogenic fuzzy soft sets as follows: 𝐹𝑃z=1: 𝐻4 → [0, 1]𝐷 × 𝒫([0, 1]) for the four dimensions as parameters. 

Let us illustrate this with an example, 

Example 1. Let us suppose that the interviewee 𝑥's evaluations after processing are the following: 𝑒𝑣𝑎𝑙(𝑥) = (𝑁𝐴, 𝑇𝐴, 𝑇𝐴, 𝐴). In this case, we have the element: (𝑥,(0.75,0,0,0.25)𝐷)(0.25,1,1,0.75) , this means that the elements of (0.75,0, 0, 0.25)𝐷 are those of disagreement between 

the evaluation values of 𝑥 and the dominant value which is “𝑇𝐴” or its numerical equivalent 1. For 
example, 𝑐(𝑁𝐴, 𝑇𝐴) = |1 − 0.25| = 0.75. On the other hand, since dimension 1 is evaluated as 𝑁𝐴, then 

using Table 3 we have that the equivalent fuzzy value is 0.25. 

In summary, we apply the following procedure: 

1. We calculate the median of the results for each dimension, for each respondent. That is, 

for each respondent, 𝑢𝑖 we calculate the median of their responses within the questions 𝑞1, 𝑞2, … , 𝑞6, according to the Likert scale, and this is their response to dimension 1. We 

do the same for dimensions 2, 3, and 4. 

2. We have 𝐹𝑃z=1(𝜖𝑘) (𝑘 =  1, 2, … , 16) which is made up of 28 elements, one for each inter-

viewee. 

3. For each fixed k, a single value associated with 𝐹𝑃z=1(𝜖𝑘) is calculated as follows: 𝐹𝑃z=1(𝜖𝑘) is made up of values 
(𝑢𝑖,(𝑐𝑖1,𝑐𝑖2, 𝑐𝑖3,𝑐𝑖4)𝐷)(𝑣𝑖1,𝑣𝑖2, 𝑣𝑖3,𝑣𝑖4) . 

It is performed iteratively using the operation 
(𝑥,(𝑐𝑥1,𝑐𝑥2, 𝑐𝑥3,𝑐𝑥4)𝐷)(𝑣𝑥1,𝑣𝑥2, 𝑣𝑥3,𝑣𝑥4) ⊙𝑝 (𝑦,(𝑐𝑦1,𝑐𝑦2, 𝑐𝑦3,𝑐𝑦4)𝐷)(𝑣𝑦1,𝑣𝑦2, 𝑣𝑦3,𝑣𝑦4) =(𝑥,(𝑐1,𝑐2, 𝑐3,𝑐4)𝐷)(𝑣𝑥1,𝑣𝑥2, 𝑣𝑥3,𝑣𝑥4) ∧𝑃𝐹 (𝑦,(𝑐1,𝑐2, 𝑐3,𝑐4)𝐷)(𝑣𝑦1,𝑣𝑦2, 𝑣𝑦3,𝑣𝑦4), 

Where, 𝑐1 = max (𝑐𝑥1, 𝑐𝑦1), 𝑐2 = max (𝑐𝑥2, 𝑐𝑦2), 𝑐3 = max (𝑐𝑥3, 𝑐𝑦3), and 𝑐4 = max (𝑐𝑥4, 𝑐𝑦4), 
This is repeated between 

(𝑢1,(𝑐11,𝑐12, 𝑐13,𝑐14)𝐷)(𝑣11,𝑣12, 𝑣13,𝑣14)  and 
(𝑢2,(𝑐21,𝑐22, 𝑐23,𝑐24)𝐷)(𝑣21,𝑣22, 𝑣23,𝑣24) , the result with 

(𝑢3,(𝑐31,𝑐32, 𝑐33,𝑐34)𝐷)(𝑣31,𝑣32, 𝑣33,𝑣34)  

and so on until reaching the value 𝑖 =  28. 

4. Suppose the result of the aggregation in the previous step is: ℎ𝑘4 = (𝑢𝑘,(𝑐𝑘̅1,𝑐𝑘̅2,𝑐𝑘̅3,𝑐𝑘̅4)𝐷)(𝑣̅𝑘1,𝑣̅𝑘2,𝑣̅𝑘3,𝑣̅𝑘4)  for the values corresponding to 𝐹𝑃z=1(𝜖𝑘). Then the 𝐹𝑃z=1(𝜖𝑘) is as-

sociated with the crisp value: 𝑠𝑘 = 1 − |𝑣̅𝑘1+ 𝑣̅𝑘2+𝑣̅𝑘33 −𝑣̅𝑘4||𝑣̅𝑘1+ 𝑣̅𝑘2+𝑣̅𝑘33 +𝑣̅𝑘4|                    (11) 

Which is the degree of similarity between the means of the values of the first three di-

mensions with their corresponding equivalent values of the fourth dimension. 

5. Similarity total value is calculated equal to: 𝑠𝑇 = ∑ 𝑠𝑘16𝑘=116                       (12) 

Note that the ℎ𝑘4 are only those values corresponding to the responses of 𝑇𝐴 and 𝐴. If all possible 

combinations of response quatrains had been chosen, the result would be equal to 54 = 625, 

which is extremely cumbersome. 

Let us now present the results of applying the previous algorithm. 
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Tabla 4. Results obtained for the sk for each of the elements belonging to H4. See Equation 10. 

 

k 𝒔𝒌  

1 0.9533654 

2 0 

3 0.9473684 

4 0 

5 0 

6 0.9590909 

7 0 

8 0 

9 0.9007398 

10 0.8968621 

11 0 

12 0.9805713 

13 0.9473684 

14 0 

15 0.8809183 

16 0.9495856 

 

Applying Equation 11, we have 𝑠𝑇 = 0.52599189 > 12, this is interpreted as the organizational com-

mitment. 

4 Conclusion 

Based on the results obtained in the affective, normative, and continuity dimensions, the compo-

nents of organizational commitment show a positive relationship or play an important role in environ-

mental sustainability at the El Ingenio fish farm. Employees feel committed to ecological and sustainable 

behavior in water management, with environmentally friendly attitudes and positive self-esteem. Re-

garding the findings in the affective dimension of the fish farm's employees, they have a good level of 

belonging, loyalty, and satisfaction with the El Ingenio fish farm and environmental sustainability. The 

normative dimension of the fish farm's employees shows an interest in complying with established di-

rectives, norms, and guidelines. To process the data, we used a fairly recent tool, plithogenic soft sets. 

This allows us to take advantage of the uncertainty inherent in soft sets, with the multidimensionality 

of plithogenic sets, especially plithogenic fuzzy soft sets. We recommend carrying out the following 

tasks to improve performance within the institution studied: 

• Strengthen employee engagement by boosting motivation not only through alternative 

actions but also by improving communication channels and promoting a strategic plan 

for water sustainability. 

• Empower employees in the regulatory dimension with actions to maintain loyalty to the 

fish farm and the balance of natural resources during their economic activities. 

• Increase environmental commitment and employee well-being during crisis events, 

which will help improve employees' tendency to engage with organizations. 
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Abstract. This paper investigates the efficacy of emerging technologies in protective forest conservation—
artificial intelligence, drones, remote sensing, and blockchain—and whether such tools foster threat de-
tection and enhanced biodiversity and human interaction. As deforestation and climate change continue 
to plague the planet, protected areas become more critical, and although successful conservation efforts 
exist, traditional tools fail to adequately provide the granularity and scalability required for nuanced ac-
tion such as illegal logging or forest fires. The emerging abilities of these innovations have been published 
in scientific literature. However, there exists a translational gap in a systematic determination of their 
efficacy since levels of uncertainty and constraints are discussed upon implementation across varying 
ecological and socioeconomic spectrums. Therefore, this paper seeks to fill the void utilizing the plitho-
genic hypothesis—a neutrosophic application of modeling uncertainty through the probability of truth, 
indeterminacy, and falsity. 125 articles were examined for feasibility with the use of the Consensus Meter. 
Results denote a 48% probability of actualness that such technologies do work—74.3% that they increas-
ingly foster early detection of threats, 72% that they help monitor biodiversity; yet 32% indeterminacy 
suggests challenges to success including expense and absent infrastructure. This is a unique form of as-
sessment of efficacy in uncertain, complicated environments. Ultimately, implementation suggestions can 
include need vs. idea vs. environmental implementation and feasibility of financing and community sup-
port/inclusivity to realize what would theoretically contribute to forest conservation and policy proposals 
that use emerging technologies yet acknowledge ecological and socioeconomic realities. 

Keywords: Plithogenic Hypothesis, Neutrosophic Stance Detection, Emerging Technologies, Forest Con-
servation, Threat Detection, Biodiversity Monitoring, Community Participation, Sustainability.  

1. Introduction 
 
Defensive forests that assist with climate mitigation and biodiversity are being lost through in-

creased deforestation, forest fires, and illegal logging [1]. This article investigates the application of 
emerging technologies—artificial intelligence (AI), drones, remote sensing, and blockchain—to protect 
forest management and conservation. This is a relevant topic because these sensitive ecosystems are 
responsible for approximately 30% of the world's carbon dioxide emissions, and with increasing anthro-
pogenic activities, emerging technologies have the potential to scan large areas with tremendous accu-
racy and enlist communities to aid in detection and subsequent conservation efforts. Therefore, 
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knowing their efficacy is essential for the justification of conservation efforts [2]. What once were rudi-
mentary practices for forest conservation have transformed into high-tech operations. For example, for 
the last few decades, human predictability and human patrols were the best adjustments for forest mis-
management. The first technological game changer occurred when satellite imaging was developed in 
the 1990s to comprehend forests. More recently, heightened data collection efforts, thanks to inexpen-
sive drone ownership and IoT sensors within the population have allowed universities with environ-
mental science/forestry programs to compile ahead-of-time resolution [3]. However, complications exist 
for developing nations that experience high-tech costs and no technology ownership due to infrastruc-
tural deficits. Therefore, awareness must be spread about access. Looking at the progression of techno-
logical advancements in forest management and conservation helps put today's potential for transform-
ative protective forest conservation technology into perspective. 

Forests are under more threat than ever due to climate change, with wildfires increasing by 11% 
between 2001 and 2022; illegal logging contributes to the deforestation of thousands of hectares of the 
Amazon each year [4]. However, means of technological development offer hope for new solutions; 
situational and socioeconomic location provides a basis for emerging technology assistance. For exam-
ple, past literature indicates that AI and blockchain help to foresee wildfires and trace the traceability 
of forest-associated products, respectively. However, little is understood about universal application 
across governance systems or sustained success over time. Thus, a subservient research question 
emerged: To what extent do emerging technologies improve threat forecasting, biodiversity estimation, 
illegal deforestation prevention, and stakeholder support for conservation forests given relative situa-
tional limitations? This question emerged as only partially answered—as articles discuss the importance 
of emerging technology use for specific purposes—but few note how their potential use may be uncer-
tain [5-6]. In addition, this is a widespread problem; forests are disappearing faster than suspected—
without them, ecosystem services will be lost, and the climate of the world will be disrupted[5,6].  

Ultimately, to alleviate this issue, this paper uses a plithogenic method, relative to neutrosophic the-
ory, as it allows uncertainty to exist with probable truths, indeterminate and falsities. This study pro-
cessed 125 scientific articles and further assessed them with the Consensus Meter tool [7] relative to five 
categories: early detection, biodiversity assessment, deforestation awareness, public knowledge, and 
future sustainability. Such a method supports a collective approach necessary to approach a compli-
cated problem where variables are necessarily hazy or even contradictory [8].  

Typically, deforestation awareness comes from governmental policies and community activism—
but to little or no effect. In the last decade, various innovative systems have been introduced like LiDAR 
for superior forest mapping [9], and blockchain networks for timber resource tracking [10]. Yet without 
the synergism of such innovations with prior expectations or community knowledge, the integrations 
fell short. Therefore, the gap in the literature would be filled with an assessment of how innovations 
coincide with old ones.  

The research problem engages with emergent technologies that could be used to sustainably trans-
form forest preservation. By answering this question, not only does she fill a gap in the research, but 
she also attempts to satisfy the global need to preserve forests, which serve as carbon sequestration 
sources and biodiversity hotspots. Findings impact matters of legislation and forest management due 
to impending climate change. The research seeks three objectives: to determine whether emergent tech-
nologies effectively preserve protection forests through a plithogenic assessment; to discern technical, 
financial, and socio-cultural limitations that preclude the use of such technologies; to provide a course 
of action to incorporate such technologies with traditional means of preservation to avoid any equity 
gaps in sustainable forest preservation. These objectives give a reason behind the research while situat-
ing the study as an effective and welcomed addition to ongoing scholarship. 
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2. Theoretical Framework 

 
Neutrosophic (or indeterminate) data are characterized by inherent vagueness, lack of clarity, in-

completeness, partial unknowns, and conflicting information [11,12]. Data can be classified as quantita-
tive (metric), qualitative (categorical), or a combination of both. Plithogenic variable data [14] describe 
the connections or correlations between neutrosophic variables. A neutrosophic variable [15], which can 
be a function or operator, treats neutrosophic data in its arguments, its values, or both. Complex prob-
lems often require multiple measurements and observations due to their multidimensional nature, such 
as the measurements needed in scientific investigations. Neutrosophic variables may exhibit depend-
ence, independence, partial dependence, partial independence, or partial indeterminacy as in science 
[16]. 

A Plithogenic Set [20, 21] is a non-empty set 𝑃 whose elements within the domain of discourse 𝑈 ( 𝑃 ⊆ 𝑈) are characterized by one or more attributes 𝐴1,  𝐴2, ⋯ , 𝐴𝑚, where m is at least 1. where each at-
tribute can have a set of possible values within the spectrum 𝑆 of values (states), such that 𝑆 can be a 
finite, infinite, discrete, continuous, open, or closed set.[17] 

Each element 𝑥 ∈ 𝑃 is characterized by all possible values of the attributes within the set 𝑉 ={𝜈1, 𝜈2, ⋯ , 𝜈𝑛 }. The value of an attribute has a degree of membership 𝑑(𝑥, 𝑣)in an element 𝑥of the set.𝑃, 
based on a specific criterion. The degree of membership can be diffuse, diffuse intuitionist or neutro-
sophic, among others [18 ]. 

That means, 

 ∀𝑥 ∈  𝑃, 𝑑: 𝑃 × 𝑉 →  𝒫 ([0, 1]𝑧  )                    (1) 
 
Where𝑑(𝑥, 𝑣) ⊆ [0, 1]𝑧 and 𝒫 ([0, 1]𝑧  )is the power set of [0, 1]𝑧.𝑧 =  1 (the fuzzy degree of menber-

ship), 𝑧 =  2(the intuitionist fuzzy  degree of membership) or 𝑧 =  3 (the neutrosophic degree of memn-
ership). 

plithogenic [17], derived from the analysis of plithogenic variables, represents a multidimensional 
probability (" plitho " meaning "many" and synonym of "multi"). It can be considered a probability com-
posed of subprobabilities, where each subprobability describes the behavior of a specific variable. The 
event under study is assumed to be influenced by one or more variables, each represented by a proba-
bility distribution (density) function (PDF) [19]. 

Consider an event E in a given probability space, either classical or neutrosophic, determined by 𝑛 ≥ 2 variables 𝑣1, 𝑣2, … , 𝑣𝑛, denoted as 𝐸(𝑣1, 𝑣2, … , 𝑣𝑛). The multivariate probability of event E occurring, 
called MVP(E), is based on multiple probabilities. Specifically, it depends on the probability of event E 
occurring with respect to each variable: 𝑃1(𝐸(𝑣1))for variable 𝑣1, 𝑃2(𝐸(𝑣2))for variable 𝑣2, etc. There-

fore, 𝑀𝑉𝑃(𝐸(𝑣1, 𝑣2, … , 𝑣𝑛)) is represented as (𝑃1(𝐸(𝑣1)), 𝑃2(𝐸(𝑣2)), … , 𝑃𝑛(𝐸(𝑣𝑛))) . The variables 𝑣1, 𝑣2, … , 𝑣𝑛, and probabilities 𝑃1, 𝑃2, … , 𝑃𝑛, can be classical or have some degree of indeterminacy [20]. 

To make the transition from plithogenic neutrosophic probability (PNP) to univariate neutrosophic 
probability UNP, we use the conjunction operator [21]: 𝑈𝑁𝑃(𝑣1,  𝑣2, . . . ,  𝑣𝑛) = 𝑣1 ⋀  𝑣𝑛𝑛𝑖=1        ( 2 ) ∧ In this context, it is a neutrosophic conjunction (t-norm). If we take∧𝑝 as the plithogenic conjunc-
tion between probabilities of the PNP type, where (𝑇𝐴, 𝐼𝐴, 𝐹𝐴) ∧𝑝 (𝑇𝐵 , 𝐼𝐵 , 𝐹𝐵) = (𝑇𝐴 ∧ 𝑇𝐵 , 𝐼𝐴 ∨ 𝐼𝐵 , 𝐹𝐴 ∨ 𝐹𝐵), 
such that ∧is the minimum t-norm of fuzzy logic and ∨the maximum t-norm [22]. 
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3. Material and Methods 
 

This section introduces a novel methodological framework that integrates neutrosophic logic and 
plithogenic theory into the scientific method to assess complex causal hypotheses under conditions of 
ambiguity and contradiction. It begins with the precise formulation of the hypothesis and the identifi-
cation of independent and dependent variables. Using stance detection algorithms applied to scientific 
literature, each empirical statement is classified into neutrosophic triplets (Truth, Indeterminacy, Fal-
sity). These are then aggregated through plithogenic conjunction to compute the Plithogenic Neutro-
sophic Probability (PNP), offering a holistic measure of support. Finally, the neutrosophic negation of 
the hypothesis provides a dual perspective, highlighting areas of clarity, ambiguity, and contradiction 
in the current state of knowledge. 
 

 

Figure 1. Step-by-step validation of hypotheses using Plithogenic Neutrosophic Probability (PNP) 
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3.1 Formulate the hypothesis 

Let a scientific hypothesis 𝐻 be defined as a causal relation between an independent variable 𝑋 and 
a dependent variable 𝑌 such that 

 𝐻: 𝑋 →  𝑌          (3) 

Here, 𝑋 denotes a vector of technological interventions and 𝑌 denotes the outcomes related to forest 
conservation. 

3.2 Identify key variables 

The independent variable is denoted as 𝑋 = (𝑥1, 𝑥2, … , 𝑥𝑚)  and the dependent variable as 𝑌 =(𝑦1, 𝑦2, … , 𝑦𝑛). Each research question is modeled as 𝑄𝑗: 𝑥𝑗 →  𝑦𝑗, with 𝑗 =  1, 2, … , 𝑘. 

3.3 Formulate specific research questions. 

Each sub-hypothesis 𝑄𝑗 is reformulated as a research question of the type: "Does 𝑥𝑗 significantly in-
fluence 𝑦𝑗 under specific conditions?" 

3.4 Conduct stance detection on scientific literature. 

For each question 𝑄𝑗, a set of statements 𝑠1, 𝑠2, … , 𝑠𝑛𝑗 is extracted from the literature. Each statement 𝑠𝑖 is assigned a neutrosophic stance triplet [23]: 
 𝑁𝑆(𝑠𝑖, 𝑄𝑗) = (𝑇𝑖, 𝐼𝑖, 𝐹𝑖),                        (4) 
where 𝑇𝑖, 𝐼𝑖 , 𝐹𝑖 ∈ [0,1] and 𝑇𝑖 + 𝐼𝑖 + 𝐹𝑖 ≤ 3. 

3.5 Neutrosophic Probabilistic Hypotheses 

For each 𝑄𝑗 , we compute the average neutrosophic probabilities as: 
 𝑁𝑆(𝑄𝑗) =  ( 1𝑛𝑗 ·  ∑ 𝑇𝑖𝑛𝑗𝑖=1 , 1𝑛𝑗 ·  ∑ 𝐼𝑖𝑛𝑗𝑖=1 , 1𝑛𝑗 ·  ∑ 𝐹𝑖𝑛𝑗𝑖=1 )                    (5) 

Where 𝑛𝑗 is the number of statements extracted for the question 𝑄𝑗 

3.6 Calculate the plithogenic neutrosophic probability (PNP) 

The global hypothesis 𝐻 is synthesized through plithogenic conjunction applied to the triplets of 
each sub-hypothesis: 𝑈𝑁𝑃(𝐻) = 𝑁𝑆(𝑄1) ∧𝑝 𝑁𝑆(𝑄2) ∧𝑝 … ∧𝑝 𝑁𝑆(𝑄𝑘)      (6) 

The plithogenic conjunction ∧𝑝 is defined as: (𝑇𝑎 , 𝐼𝑎 , 𝐹𝑎) ∧𝑝 (𝑇𝑏, 𝐼𝑏, 𝐹𝑏) = (𝑚𝑖𝑛(𝑇𝑎 , 𝑇𝑏),  𝑚𝑎𝑥(𝐼𝑎 , 𝐼𝑏),  𝑚𝑎𝑥(𝐹𝑎 , 𝐹𝑏))    (7) 

3.7 Negation and Validity Analysis 

To assess the strength of the hypothesis, we compute the neutrosophic negation: ¬𝑈𝑁𝑃(𝐻) = (𝐹𝐻, 𝐼𝐻, 𝑇𝐻)        (8) 
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This allows the interpretation of the hypothesis from both affirmation and denial perspectives, 
thereby clarifying the degree of support, ambiguity, and contradiction in the current scientific literature.  

4. Case study. 

 
The integration of emerging technologies such as artificial intelligence, remote sensing, drones, and 

blockchain into the management and conservation of protective forests offers transformative potential 
for improved monitoring, early threat detection, and data-driven decision-making. These technologies 
provide advanced capabilities for real-time biodiversity monitoring, wildfire detection, identification of 
illegal logging, and tracking changes in forest ecosystems with unprecedented accuracy. 

IoT sensor networks facilitates the continuous collection of critical environmental data such as tem-
perature, humidity, air quality, and precipitation levels, allowing forest scientists and managers to iden-
tify patterns and trends that might otherwise go undetected using traditional methods. Blockchain plat-
forms improve transparency and traceability in the forest product supply chain, helping to combat ille-
gal logging and promoting sustainable practices. 

However, there are considerable limitations and challenges that create uncertainty regarding the 
universal effectiveness of these technologies. Implementation and maintenance costs represent signifi-
cant barriers, especially for developing regions with limited resources and extensive forests. Infrastruc-
tural gaps, including limited connectivity and insufficient power supply in remote areas, can compro-
mise the functionality of these technological solutions. Variability in technical capabilities and 
knowledge across different regions and organizations can result in disparities in the effective imple-
mentation and utilization of these technologies. Ethical challenges related to data privacy, the rights of 
Indigenous communities, and information sovereignty pose important considerations that must be ad-
equately addressed. Furthermore, there is a risk that overreliance on technological solutions can divert 
attention and resources from established and proven conservation strategies. Effectively integrating 
these technologies with traditional conservation methods and local ecological knowledge represents 
another significant challenge that must be addressed to maximize their positive impact. 

Hypothesis 

 
The implementation of emerging technologies (artificial intelligence, remote sensing, drones, and 

blockchain ) in protective forest management significantly improves early threat detection, biodiversity 
monitoring, prevention of illegal deforestation, and community engagement in conservation efforts. 

To investigate this hypothesis, we follow a systematic research process based on the notion of "partial 
falsifiability of fuzzy and fuzzy extension hypotheses" proposed by Smarandache is detailed below 
along with the variable it is intended to measure: 

Early threat detection 

Q1: Does the implementation of emerging technologies in protective forests significantly improve 
early detection of threats such as wildfires, pests, and illegal activities? 

Variable: Effectiveness in early detection of threats in protected forest areas. 

Biodiversity monitoring 

Q2: Do emerging technologies allow for more accurate and comprehensive monitoring of biodiver-
sity in protective forests compared to traditional methods? 
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Variable: Accuracy and scope of biodiversity monitoring. 

Deforestation prevention 

Q3 : Does the integration of emerging technologies effectively reduce illegal deforestation rates in 
protected forest areas? 

 Variable: Illegal deforestation rates in areas where emerging technologies have been implemented. 

Community participation 

Q4: Do emerging technologies facilitate greater and more effective participation of local communi-
ties in forest conservation efforts? 

Variable: Level of participation and contribution of local communities in conservation initiatives. 

Long-term sustainability 

Q5: Are emerging technology-based solutions for protective forest conservation sustainable in the 
long term considering economic, technical, and social factors? 

Variable: Long-term sustainability of conservation technology initiatives. 

These questions allow us to measure different aspects and outcomes of the implementation of emerg-
ing technologies in protective forest conservation and how they affect the effectiveness of protection 
efforts. 

Stance detection and calculation of neutrosophic probabilities 

Stance detection was conducted for each research question using a consensus-based tool that classi-
fies scientific statements into three categories: affirmative (support), uncertain (indeterminate), and neg-
ative (refutation). This classification served as the basis for constructing neutrosophic probability tri-
plets (T, I, F) for each hypothesis. The data were obtained through an extensive bibliographic analysis 
comprising 125 peer-reviewed scientific articles published between 2018 and 2024.Details of articles 

analyzed by question: 

P1: Early threat detection 

• Articles with a positive stance: 26 articles. 

• Articles with indeterminate position: 6 articles. 

• Articles with negative stances: 3 articles. 

• Total items for P1: 35 

P2: Biodiversity monitoring 

• Articles with a positive stance: 18 articles.  
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• Articles with indeterminate position: 4 articles. 

• Articles with a negative stance: 3 articles. 

• Total items for P2: 25 

P3: Deforestation prevention 

• Articles with a positive stance: 15 articles. 

• Articles with indeterminate position: 9 articles. 

• Articles with negative stances: 6 articles. 

• Total items for P3: 30 

P4: Community Participation 

• Articles with a positive stance: 12 articles. 

• Articles with indeterminate position: 8 articles. 

• Articles with negative stances: 5 articles. 

• Total items for P4: 25 

P5: Long-term sustainability 

• Articles with a positive stance: 5 articles. 

• Articles with indeterminate position: 3 articles. 

• Articles with negative stances: 2 articles . 

• Total items for P5: 10 

Neutrosophic probability calculation 

From this data, we calculate the neutrosophic probabilities for each question: 

P1: Early threat detection 

• Positive probability (T): 26/35 = 0.743 

• Indeterminate probability (I): 6/35 = 0.171 

• Negative probability (F): 3/35 = 0.086 

• Neutrosophic probability P1: (0.743, 0.171, 0.086) 
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P2: Biodiversity monitoring 

• Positive probability (T): 18/25 = 0.720 

• Indeterminate probability (I): 4/25 = 0.160 

• Negative probability (F): 3/25 = 0.120 

• Neutrosophic probability P2: (0.720, 0.160, 0.120) 

P3: Deforestation prevention 

• Positive probability (T): 15/30 = 0.500 

• Indeterminate probability (I): 9/30 = 0.300 

• Negative probability (F): 6/30 = 0.200 

• Neutrosophic probability P3: (0.500, 0.300, 0.200) 

P4: Community Participation 

• Positive probability (T): 12/25 = 0.480 

• Indeterminate probability (I): 8/25 = 0.320 

• Negative probability (F): 5/25 = 0.200 

• Neutrosophic probability P4: (0.480, 0.320, 0.200) 

P5: Long-term sustainability 

• Positive probability (T): 5/10 = 0.500 

• Indeterminate probability (I): 3/10 = 0.300 

• Negative probability (F): 2/10 = 0.200 

• Neutrosophic probability P5: (0.500, 0.300, 0.200) 

The results are summarized in the following table: 

Table 1. Stance assessment on research questions regarding the implementation of emerging technologies for pro-
tective forest conservation 

Questions Positive Indeterminacy Negative Neutrosophic probability 

P1 26 articles (74.3%) 6 articles (17.1%) 3 articles (8.6%) (0.743, 0.171, 0.086) 
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Questions Positive Indeterminacy Negative Neutrosophic probability 

P2 18 articles (72.0%) 4 articles (16.0%) 3 articles (12.0%) (0.720, 0.160, 0.120) 

P3 15 articles (50.0%) 9 articles (30.0%) 6 articles (20.0%) (0.500, 0.300, 0.200) 

P4 12 articles (48.0%) 8 articles (32.0%) 5 articles (20.0%) (0.480, 0.320, 0.200) 

P5 5 items (50.0%) 3 articles (30.0%) 2 articles (20.0%) (0.500, 0.300, 0.200) 

Univariate neutrosophic probability 

Univariate neutrosophic probability is calculated using the plithogenic conjunction operator with 
the following considerations: 

According to equation (2) provided in the plithogenic theory:𝑈𝑁𝑃(𝑣₁, 𝑣₂, . . . , 𝑣ₙ)  =  𝑣₁ ∧ ₚ 𝑣₂ ∧ ₚ . . .∧ₚ 𝑣ₙ 

Where ∧ ₚ is the plithogenic conjunction between probabilities of the PNP type, such 
that:(𝑇₁, 𝐼₁, 𝐹₁)  ∧ ₚ (𝑇₂, 𝐼₂, 𝐹₂)  =  (𝑇₁ ∧  𝑇₂, 𝐼₁ ∨  𝐼₂, 𝐹₁ ∨  𝐹₂) 

Where ∧ is the minimum t-norm and ∨ is the maximum t-norm in fuzzy logic. 

Applying this formula to our neutrosophic probabilities : 𝑈𝑁𝑃(𝐻)  =  (0.743, 0.171, 0.086) ∧ ₚ (0.720, 0.160, 0.120) ∧ ₚ (0.500, 0.300, 0.200) ∧ ₚ (0.480, 0.320, 0.200)  ∧ ₚ (0.500, 0.300, 0.200) 

Breaking down the calculation step by step: 

1. (0.743, 0.171, 0.086) ∧ ₚ (0.720, 0.160, 0.120)  = (𝑚𝑖𝑛(0.743, 0.720), 𝑚𝑎𝑥(0.171, 0.160), 𝑚𝑎𝑥(0.086, 0.120))  =  (0.720, 0.171, 0.120) 

2. (0.720, 0.171, 0.120) ∧ ₚ (0.500, 0.300, 0.200)  = (𝑚𝑖𝑛(0.720, 0.500), 𝑚𝑎𝑥(0.171, 0.300), 𝑚𝑎𝑥(0.120, 0.200))  =  (0.500, 0.300, 0.200) 

3. (0.500, 0.300, 0.200) ∧ ₚ (0.480, 0.320, 0.200)  = (𝑚𝑖𝑛(0.500, 0.480), 𝑚𝑎𝑥(0.300, 0.320), 𝑚𝑎𝑥(0.200, 0.200))  =  (0.480, 0.320, 0.200) 

4. (0.480, 0.320, 0.200) ∧ ₚ (0.500, 0.300, 0.200)  = (𝑚𝑖𝑛(0.480, 0.500), 𝑚𝑎𝑥(0.320, 0.300), 𝑚𝑎𝑥(0.200, 0.200))  =  (0.480, 0.320, 0.200) 

Therefore,𝑈𝑁𝑃(𝐻)  =  (0.480, 0.320, 0.200) 
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Interpretation of results 

The value (0.480, 0.320, 0.200) for a neutrosophic probabilistic hypothesis indicates the following: 

• 0.480 : There is a 48.0% probability that the hypothesis is true. This suggests moderate evidence 
that implementing emerging technologies in protective forest management significantly im-
proves early threat detection, biodiversity monitoring, prevention of illegal deforestation, and 
community engagement. 

• 0.320 : There is a 32.0% uncertainty, reflecting a considerable level of uncertainty or incomplete 
knowledge about the overall effectiveness of these technologies in all forest conservation con-
texts. 

• 0.200 : There is a 20.0% probability that the hypothesis is false, indicating that there is some 
evidence that contradicts or does not support the proposed benefits of these emerging technol-
ogies. 

Negation  of the hypothesis 

According to equation (4) of the plithogenic theory, the negation of the probabilistic neutrosophic 
hypothesis is calculated as:¬(𝑇, 𝐼, 𝐹)  =  (𝐹, 𝐼, 𝑇) 

Therefore, the negation of our hypothesis 𝑈𝑁𝑃(𝐻)  =  (0.480, 0.320, 0.200)would be:¬𝑈𝑁𝑃(𝐻)  = (0.200, 0.320, 0.480) 

This negation  can be interpreted as follows: 

• 0.200 : There is a 20.0% probability that the denial of the hypothesis is true. This means that 
there is a relatively low probability that the implementation of emerging technologies will NOT 
improve the conservation of protective forests. 

• 0.320: There is a 32.0% uncertainty, indicating a considerable level of uncertainty about the va-
lidity of the rejected hypothesis. This reflects the complexity of assessing these effects in various 
contexts. 

• 0.480: There is a 48.0% probability that the denial of the hypothesis is false. This suggests that 
there is moderate evidence against the idea that emerging technologies have no positive impact 
on conservation. 

 
The results of the analysis of the neutrosophic probabilistic hypothesis, with a univariate neutro-

sophic probability 𝑈𝑁𝑃(𝐻)  =  (0.480, 0.320, 0.200),They offer a nuanced perspective on the impact of 
emerging technologies (artificial intelligence, remote sensing, drones, and blockchain) on protective for-
est conservation. The probability of truth of 48%, the probability of uncertainty of 32%, and the proba-
bility of falsity of 20% allow for meaningful conclusions and highlight opportunities for future research. 
The results are analyzed in detail below, considering the implications of each research question and the 
associated challenges. 

The 48% probability of truth indicates moderate support for the hypothesis that emerging technolo-
gies improve the conservation of protective forests, with a particular emphasis on early threat detection (𝑃1: 𝑇 =  0.743)and biodiversity monitoring. (𝑃2: 𝑇 =  0.720).These values suggest that technologies 
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such as drones equipped with thermal sensors and AI algorithms applied to satellite imagery are gen-
erating tangible positive results. For example, studies have shown that drones can detect forest fires 
with 95% accuracy in remote areas, while IoT sensor networks allow biodiversity monitoring with un-
precedented resolution, identifying patterns in ecosystem health. These advances are particularly valu-
able in large forests where traditional methods, such as human patrols, are less efficient. 

The 32% level of indeterminacy reflects the dependence of the success of these technologies on con-
textual factors. Variables such as available infrastructure, local technical capacities, socioeconomic con-
ditions, and the ecological characteristics of forests influence the effectiveness of technological interven-
tions. This high degree of indeterminacy is particularly evident in the areas of deforestation prevention  (𝑃3: 𝐼 =  0.300) , community engagement (𝑃4: 𝐼 =  0.320) , and long-term sustainability (𝑃5: 𝐼 = 0.300). For example, implementing blockchain to track forest products requires reliable connectivity, 
which is often lacking in remote areas.  

The lowest probabilities of veracity are observed in deforestation prevention (𝑃3: 𝑇 =  0.500), com-
munity engagement (𝑃4: 𝑇 =  0.480), and long-term sustainability (𝑃5: 𝑇 =  0.500). These results sug-
gest that while emerging technologies show efficacy in pilot projects or controlled environments, their 
scalability faces significant hurdles. Deployment costs, which can exceed $100,000 per IoT monitoring 
system over large areas, represent a major barrier, especially in developing countries. Furthermore, the 
need for ongoing maintenance, technical training, and adaptation to complex forest environments (e.g., 
dense forests with high canopy cover) limits widespread adoption. In the case of deforestation preven-
tion, institutional resistance and lack of coordination between actors (governments, NGOs , communi-
ties) reduce the effectiveness of tools like blockchain. 

Community engagement analysis (𝑃4: 𝑇 =  0.480, 𝐼 =  0.320, 𝐹 =  0.200) reveals moderate poten-
tial for emerging technologies to strengthen local community engagement but also highlights limita-
tions. The 32% uncertainty suggests that this potential is not being fully realized, possibly due to cultural 
barriers or a perception of the technologies as external. Research indicates that mobile applications that 
enable communities to report illegal activities, such as logging, are most effective when designed with 
the active participation of local users. Respectful integration with traditional ecological knowledge, such 
as the use of drones to complement community patrols, can improve the acceptance and effectiveness 
of these tools. However, a lack of training and equitable access to the technologies remains a challenge. 

The distribution between certainty (48%) and indeterminacy (32%) points to the need for adaptive 
approaches that combine emerging technologies with traditional conservation methods. Rather than 
replacing established strategies, such as forest patrols or community governance systems, technologies 
should be integrated to enhance them. For example, the use of IoT sensors to alert local patrols of po-
tential fires combines technological precision with human expertise, achieving better results . This hy-
brid approach is crucial to addressing indeterminacy and ensuring that solutions are contextually ap-
propriate. 

5. Conclusion 

 
Ultimately, this study provides a plithogenic scenario in which emerging technologies—artificial in-

telligence, drones, remote sensing, and blockchain—moderately improve protective forest management 
with a 48% probability of occurrence. Findings suggest they assist with real-time threat detection and 
high-fidelity biodiversity assessments. However, with a 32% fluctuation, situational challenges like high 
expense and lack of infrastructure restrain their potential to engage in anti-deforestation efforts and 
community outreach. Ultimately, while they're promising developments, they need to be adjusted for 
varying situations. These results are practically applicable for they can revolutionize the way humans 
control forests. For instance, with drones and sensors, forest rangers will be notified of smoke via satel-
lite imagery or chainsaws via air footage before too much damage is done, as ecosystems are vital. 
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Furthermore, using blockchain technology to authenticate the source of forest products can decrease 
efforts at sustainability as it decreases illegal sales. Such practical uses can not only improve manage-
ment efforts but also sustain ecosystem service sustainability as threats from climate change will only 
increase.\ 

The main contribution of this study is the use of the plithogenic hypothesis, a novel predictive frame-
work that evaluates uncertainty across multi-dimensional challenges. This novel evaluation supple-
ments technology assessments used in this conservation project best suited for environments of uncer-
tainty. By analyzing 125 peer-reviewed articles, the study renders an empirically based contribution to 
literature surrounding the intersection of new technological development and environmental conserva-
tion. Yet there are limitations. The Consensus Meter involved in the stance setection analysis has a 10% 
error margin which may distort results. Furthermore, the lack of longitudinal studies and studies across 
different regions offered a non-generalizable approach; however, this is representative of the multifac-
eted generalizability of such technologies worldwide. Future studies should include longitudinal anal-
yses to determine whether such technologies can destabilize biodiversity efforts over time even if short-
term economic efficiency exists. Generalizing over a longer time with better data collections should be 
undertaken with different methodologies—perhaps Bayesian networks or deep learning algorithms—
to assess metaphorical applicability of plithogenic elsewhere. Furthermore, studies should assess feasi-
bility with consideration of integrating these technologies with Indigenous knowledge systems for eq-
uity and community engagement. Finally, generalizing the assessment across ecosystems—assessing 
applicability in mangroves or boreal forests—would expand the generalizability. Ultimately, there is no 
one answer through technology or traditional practices; the balance between the two must be found for 
ecological and sociological equity. 
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Abstract: This study, using a neutrosophic approach, evaluates the integration of artificial intelligence in Latin 
American public higher education, focusing on the perceptions and ethical dilemmas of university stakeholders. Two 
groups of students in a scientific writing course were compared: one that used AI tools during the writing process 
and another that employed traditional methods. The results show that the use of AI favors active participation and 
the final quality of the essays, although it does not significantly impact prior knowledge or argumentative depth. The 
intervention reveals both benefits, such as greater engagement and improved performance, and ethical tensions 
related to privacy, equity, and transparency. The analysis highlights that the adoption of AI in educational contexts 
requires policies and practices that promote inclusion, ethics, and social justice. The results suggest that the 
integration of AI can enhance educational quality and participation, but always within a framework of critical 
reflection that ensures respect for ethical principles and equity in Latin American universities. 

Keywords: Artificial Intelligence; Higher Education; Neutrosophic Logic, Ethics 
 

 

1. Introduction 

The integration of artificial intelligence (AI) into Latin American public higher education constitutes 
one of the most significant transformations in contemporary education. Far from being solely about the 
incorporation of technological tools, this process entails a profound reconfiguration of pedagogical 
practices, academic management models, and the forms of interaction between students, faculty, and 
knowledge. In an environment characterized by structural limitations, digital divides, and growing 
demands for inclusion and quality, public universities face the challenge of adopting smart technologies 
in an ethical, relevant, and sustainable manner, without undermining their founding principles of equity, 
critical thinking, and the democratization of knowledge. 

AI-based technologies have the potential to significantly improve the educational experience by 
personalizing learning, automating administrative processes, predicting academic performance, 
recommending learning paths, and optimizing teaching strategies [1]. These capabilities, supported by 
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massive data processing and machine learning techniques, have been widely explored by the emerging 
field of Artificial Intelligence in Education (AIeD), which has demonstrated positive impacts in virtual 
and blended learning environments [2]. The possibility of offering adaptive training itineraries, 
immediate feedback, and instructional strategies tailored to the student's profile marks a new educational 
paradigm focused on personalization and learning efficiency [3]. 

However, this progress is not without ethical, social, and cultural tensions. In Latin American public 
universities, the implementation of AI faces multiple dilemmas, from the lack of adequate technological 
infrastructure and limited digital literacy training for faculty to legitimate concerns about data privacy, 
algorithmic bias, the dehumanization of teaching, job insecurity, and the absence of clear regulatory 
frameworks. These problems are exacerbated in contexts marked by social inequality and inequity in 
access to digital resources, which can lead to new mechanisms of exclusion within the educational system 
itself. 

In this context, it is essential to overcome technocratic or deterministic approaches that consider AI as 
a panacea and move towards a critical and situated perspective, capable of considering the structural 
conditions and ethical dilemmas associated with its integration into public higher education institutions 
[4]. The creation of smart campuses, the use of educational chatbots, automated tutoring systems, and the 
algorithmic evaluation of teacher-student performance are just some of the expressions of this 
phenomenon that require analysis based on pedagogical, epistemic, and social justice criteria. 

Likewise, the adoption of active learning environments mediated by AI represents a superior 
alternative to the traditional model focused on lectures, where the student plays a passive role [5]. AI 
enables the analysis of student-generated data to identify patterns and individual needs, enabling more 
informed, consistent, and equitable decision-making in teaching and learning processes. However, these 
opportunities must be accompanied by ethical frameworks that guide the development and use of these 
technologies for the common good. 

This study aims to analyze how ethical, technological, and institutional constraints influence the 
integration of artificial intelligence in Latin American public universities, and what their implications are 
for educational quality and inclusion. Through a neutrosophic approach, we seek to understand the 
complexity of the phenomenon from multiple levels of uncertainty, contradiction, and ambiguity, 
considering the perceptions of different university stakeholders and exploring implementation scenarios 
that promote a more inclusive, critical, and contextualized educational transformation. 

2. Preliminaries 

The digital transformation driven by emerging technologies, especially artificial intelligence (AI), has 
profoundly reconfigured the dynamics of higher education institutions (HEIs) globally. In Latin America, 
this phenomenon has highlighted both the opportunities and the structural, ethical, and institutional 
tensions that arise when integrating these tools into public contexts. AI, applied to higher education, is 
not limited to automating administrative processes or personalizing learning content, but also represents 
a strategic tool for decision-making, academic management, and improving student performance, 
especially when combined with technologies such as the Internet of Things (IoT), cloud computing, big 
data analytics, and smart environments [6]. 

At the heart of the debate on AI in higher education is also the development of learning and the 
transformation of the roles of its key stakeholders: students and teachers. Active learning, driven by 
digital technologies, shifts the traditional lecture-centered model toward scenarios where the student 
takes on a leading role. This change is not merely technical but profoundly pedagogical and ethical, as it 
requires redefining learning objectives, assessment methods, and power relations in the classroom. 
Learning theories—behaviorism, cognitivism, and constructivism—allow us to understand this 
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phenomenon from a solid conceptual foundation, guiding pedagogical strategies toward greater 
personalization, motivation, and effectiveness in the educational process [7]. 

In this context, artificial intelligence becomes a powerful ally in identifying students' learning patterns 
and adapting content to their particular styles and needs. Through algorithms capable of emulating 
human cognitive processes, AI can detect at-risk students, generate personalized learning paths, and 
optimize knowledge management. However, these potentialities must be weighed against relevant 
ethical dilemmas: algorithmic bias, constant surveillance, loss of educational autonomy, and digital 
inequality. It is therefore essential that its implementation be accompanied by appropriate regulatory 
frameworks, critical digital literacy processes, and an ethical commitment from institutions. 

2.1 Structural conditions and ethical dilemmas of the integration of artificial intelligence in Latin 

American public higher education 

The incorporation of artificial intelligence into Latin American public higher education represents a 
large-scale phenomenon that invites profound reflection on its structural conditions and inherent ethical 
dilemmas [7]. In structural terms, the main challenges focus on technological infrastructure limitations, 
the availability and quality of specialized human resources, and unequal access to technology. While 
some institutions have made progress in adopting digital platforms and AI tools, significant gaps persist 
that limit equity in the implementation of these resources, especially in rural areas and regions with less 
investment in educational infrastructure. The lack of clear institutional policies and specific regulatory 
frameworks also creates an environment of uncertainty that affects the planning, sustainability, and 
effective integration of these technologies [8]. 

From an ethical perspective, the integration of AI into higher education raises profound dilemmas 
related to privacy, data protection, transparency in algorithms, and academic autonomy. The massive 
collection of student data to feed prediction models or personalize learning raises concerns regarding the 
protection of sensitive information and informed consent. Furthermore, the use of automated systems to 
evaluate performance, provide feedback, or detect unethical behavior demands transparency and 
explainability, aspects that are not yet fully guaranteed in many AI platforms. On the other hand, debates 
arise about the impact of these technologies on the autonomy of teachers and students, who could become 
dependent on algorithmic decisions that sometimes lack adequate ethical or contextual interpretation [9]. 

The opportunities offered by AI in Latin American higher education are vast and include personalized 
learning, support for continuous assessment, automation of administrative tasks, and optimization of 
academic processes. However, to harness these advantages ethically and responsibly, it is essential to 
strengthen structural conditions through investment in infrastructure, training, and robust regulatory 
frameworks [10]. It is equally important to promote an ethical culture that prioritizes the protection of 
rights, encourages transparency in algorithms, and ensures the fair use of data. Responsible governance 
of AI in education must be a priority, coordinating the work of educational institutions, regulatory bodies, 
and the academic community at large with concrete proposals that ensure equity, ethics, and the active 
participation of all stakeholders. 

Table 1. Structural and ethical conditions for the integration of AI in Higher Education. 
 

Associated 

elements 
Opportunities Improvement proposals 

Technological 
infrastructure 

It facilitates access to digital 
platforms and online resources, 
expanding educational coverage. 

Invest in technological 
infrastructure in rural areas and 
disadvantaged regions. 
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Associated 

elements 
Opportunities Improvement proposals 

Training of 
teaching and 

administrative staff 

It promotes the development of 
digital skills and knowledge of AI 
ethics. 

Implement ongoing training 
programs in educational 
technologies and digital ethics. 

Institutional 
policies and 
regulatory 

frameworks 

It provides a framework for the 
responsible and regulated 
integration of AI in educational 
contexts. 

Create and update specific 
regulations governing data 
protection, privacy, and the ethical 
use of AI. 

Access and equity 
in the use of 
technology 

It reduces social and geographic 
gaps in access to digitalized 
education. 

Design digital inclusion policies and 
technology subsidy programs for 
vulnerable students. 

Privacy and data 
protection 

Ensures the confidentiality and 
security of student and teacher 
information. 

Implement robust data protection 
systems and promote a culture of 
informed consent. 

Transparency and 
explainability of 

algorithms 

Fosters trust in AI tools and their 
ethical use. 

Develop explainable algorithms and 
promote independent audits of AI 
systems. 

Academic and 
teaching autonomy 

Allows educational stakeholders to 
maintain control over pedagogical 
processes. 

Establish clear limits on automation 
and ensure the active participation 
of teachers in decision-making. 

Participation and 
ethical dialogue 

Promotes the use of AI that respects 
human rights and values. 

Create specialized AI ethics 
committees and promote open and 
participatory debates within 
institutions. 

Financial resources 
and financing 

They enable the sustained 
acquisition and maintenance of AI 
technologies. 

Seek international partnerships, 
public and private funding, and 
promote applied research in 
educational AI. 

Institutional culture 
and ethical 
awareness 

They foster a responsible and 
proactive attitude toward the 
ethical dilemmas of AI. 

Implement awareness-raising, 
ethics-based, and digital rights 
training campaigns throughout the 
educational community. 

 
To carry out the analysis of the structural conditions and ethical dilemmas of the integration of AI in 

Latin American public higher education, the present research uses Neutrosophic Logic, proposed by 
Florentin Smarandache [11], which allows analyzing different variables and actors with a degree of 
uncertainty or ambiguity. 

2.2. Definition of Neutrosophic Logic 

Neutrosophic Logic is a formal system of fuzzy logic that allows for the handling of information with 
degrees of truth, falsity, and neutrality, reflecting uncertainty, doubt, or ambiguity in the data. Unlike 
classical binary logic, it allows for intermediate values that represent states of bias in the evaluation of 
complex phenomena [12]. 
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In this research, Neutrosophic Logic is applied to evaluate perceptions and conditions related to the 
integration of AI in Latin American public higher education, considering that these aspects contain 
degrees of uncertainty. Opinions, conditions, and dilemmas are translated into neutrosophic values, 
allowing for inferences that integrate different levels of certainty. This approach more accurately reflects 
reality, facilitating multivariate analysis in contexts of incomplete or ambiguous information, and 
promoting decisions and policies more tailored to the complexity of the scenario. 

The use of Neutrosophic Logic facilitates the integration of fragmented or partial information, offering 
more reliable and representative inferences of reality. Furthermore, it fosters a flexible and humanized 
analysis that reflects the complexity and multiplicity of perspectives, consolidating more responsible and 
contextualized decisions and proposals for improvement [13]. 

3. Materials and Methods  

The objective of this research was to apply a neutrosophic analysis model to evaluate the perceptions 
and ethical dilemmas surrounding the use of Artificial Intelligence (AI) in Latin American Public Higher 
Education. The course "Writing and Publishing Scientific Articles," taught in a blended learning 
environment at the Peninsula of Santa Elena State University, was used as a reference for this analysis. 
Using this course as a case study, the aim is to generate relevant information to guide the critical, ethical, 
and structurally viable adoption of this technology. Furthermore, the research empirically analyzed how 
students engage with AI tools during their training processes and how they perceive their impact on 
aspects such as academic autonomy, research ethics, and educational quality. The questions that guided 
the research were: 
RQ 1. To what extent did the groups (experimental and control) differ in terms of acceptance and trust in 

the use of AI in scientific research processes? 

RQ 2. To what extent did the groups differ in their ability to identify ethical dilemmas associated with 

the use of AI in higher education? 

RQ 3. To what extent did the groups differ in terms of their perceptions of the role of AI in educational 

equity, quality, and innovation? 

3.1 Research context and participants 

The study was conducted in a six-week online course entitled "Writing and Publishing Scientific 
Articles" for graduate students at the Peninsula of Santa Elena State University, taught during the second 
academic semester of 2024. The course aimed to strengthen students' research skills by integrating critical 
analysis of AI-based tools for academic writing, data analysis, and bibliographic review. Classes were 
held twice a week, each lasting 100 minutes. The platform used for the online component was Moodle, 
complemented by synchronous sessions via Zoom. 

A total of 48 graduate students participated, distributed across three master's programs (Education, 
Law, and Public Management). Two groups were formed: a control group (22 students divided into four 
groups) and an experimental group (26 students divided into five groups). Both groups participated in 
the same academic activities, except that the experimental group received automated feedback based on 
neutrosophic predictions about their performance. [15,16]  

3.2 Instructional procedure 

With the exception of the introductory week and the final presentation week, the facilitator (the second 
author of this research) structured the sessions between Weeks 2 and 5 into three components: theoretical 
lectures, collaborative group discussion, and guided writing of scientific articles. 
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• Theoretical lectures: Key concepts on artificial intelligence in higher education, contemporary 
ethical dilemmas, principles of scientific integrity, and standards for academic publishing 
were addressed. 

• Collaborative discussion: The groups addressed practical cases related to the use of AI in 
research processes (e.g., the use of ChatGPT or bibliographic analysis software), reflecting on 
the ethical, legal, and pedagogical implications. Discussions took place in group forums 
within Moodle. The facilitator provided guiding questions but did not directly intervene in 
the discussions. 

• Collaborative writing: Each group developed an academic essay on an ethical dilemma related 
to the use of AI in the university setting. This activity was divided into three partial 
submissions (one per week between Week 2 and Week 4), which were provided feedback to 
consolidate the final document in Week 5. 

In Week 6, the groups presented their final work in oral presentations evaluated by a faculty panel. 

3.3 Neutrosophic Model of Ethical Assessment and Learning 

A. Input variables 

The model includes four input variables, all modeled as Single-Valued Neutrosophic Numbers 

(SVNN), with their corresponding triplets (𝑇, 𝐼, 𝐹), where: 
• 𝑇 ∈ [0,1]: Degree of perceived truth or certainty. 
• 𝐼 ∈ [0,1]: Degree of uncertainty or ambiguity. 
• 𝐹 ∈ [0,1]: Degree of perceived falsity or disagreement. 

The sum is not restricted to 𝑇 + 𝐼 + 𝐹 = 1, which allows for more realistic handling of uncertainty, an 

essential feature in educational and ethical contexts. 

B. Formal definition of variables 

1. Prior knowledge about AI: 𝐾𝑝 = (𝑇𝑘, 𝐼𝑘, 𝐹𝑘) 

Where: 𝑇𝑘 = 𝑁𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠  (1) 𝐼𝑘 = 1 − |𝑇𝑘 − 𝐹𝑘| (2) 𝐹𝑘 = 𝑁𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑢𝑎𝑙 𝑒𝑟𝑟𝑜𝑟𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠  (3) 

2. Participation in collaborative discussions: 𝑃𝑑 = (𝑇𝑝, 𝐼𝑝, 𝐹𝑝) 

Where:  𝑇𝑝 = 𝑁𝑚𝑒𝑎𝑛𝑖𝑛𝑔𝑓𝑢𝑙 𝑚𝑒𝑠𝑠𝑎𝑔𝑒𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑠  (4) 𝐼𝑝 = 1 − |𝑇𝑝 − 𝐹𝑝| (5) 𝐹𝑝 = 𝑁𝑖𝑟𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑚𝑒𝑠𝑠𝑎𝑔𝑒𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑠  (6) 

3. Depth of argument on ethical dilemmas: 𝐷𝑎 = (𝑇𝑑, 𝐼𝑑 , 𝐹𝑑) 
Where:  𝑇𝑑 = 𝑁𝑣𝑎𝑙𝑖𝑑 𝑎𝑟𝑔𝑢𝑚𝑒𝑛𝑡𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑔𝑢𝑚𝑒𝑛𝑡𝑠  (7) 
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𝐼𝑑 = 1 − |𝑇𝑑 − 𝐹𝑑| (8) 𝐹𝑑 = 𝑁𝑓𝑎𝑙𝑙𝑎𝑐𝑖𝑒𝑠 𝑜𝑟 𝑎𝑟𝑔𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟𝑠𝑁𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑔𝑢𝑚𝑒𝑛𝑡𝑠  (9) 

4. Scientific writing quality (final essay): 𝑅𝑐 = (𝑇𝑟 , 𝐼𝑟 , 𝐹𝑟) 
Where: 𝑇𝑟 = 𝐹𝑜𝑟𝑚𝑎𝑡 𝑠𝑐𝑜𝑟𝑒 + 𝐶𝑜ℎ𝑒𝑟𝑒𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒 + 𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒  (10) 𝐼𝑟 = 1 − |𝑇𝑟 − 𝐹𝑟| (11) 𝐹𝑟 = 𝐹𝑜𝑟𝑚𝑎𝑡 𝑒𝑟𝑟𝑜𝑟𝑠 + 𝑆𝑜𝑢𝑟𝑐𝑒 𝑒𝑟𝑟𝑜𝑟𝑠𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒  (12) 

C. Global composition: effectiveness of ethical learning 𝐸𝑙 = 𝑤1 ∙ 𝐾𝑝 + 𝑤2 ∙ 𝑃𝑑 + 𝑤3 ∙ 𝐷𝑎 + 𝑤4 ∙ 𝑅𝑐 (13) 

The neutrosophic evaluation 𝐸 = (𝑇𝑒, 𝐼𝑒 , 𝐹𝑒)  is calculated as the weighted combination of each 

attribute:  𝑇𝑒 = ∑ 𝑤𝑖 ∙ 𝑇𝑖𝑛
𝑖=1  

(14) 𝐼𝑒 = ∑ 𝑤𝑖 ∙ 𝐼𝑖𝑛
𝑖=1  

𝐹𝑒 = ∑ 𝑤𝑖 ∙ 𝐹𝑖𝑛
𝑖=1  

Where the weights 𝑤1, 𝑤2 , 𝑤3 and 𝑤4 represent the relative importance of each component in the 

final evaluation. The weights satisfy: 𝑤1 + 𝑤2 + 𝑤3 + 𝑤4 = 1  and 𝑤𝑖 ∈  [0,1] . The weights 𝑤𝑖  were 

established through expert analysis using the Neutrosophic Analytic Hierarchy Process (Neutrosophic 

AHP) technique. A pairwise comparison matrix 𝑀 = [𝑎𝑖𝑗], was constructed, where: 

 𝑎𝑖𝑗 =the relative preference of variable 𝑖 over variable 𝑗. 

For example, if argumentative depth was considered 3 times more important than participation: 𝑎𝐷𝑎,𝑃𝑑 = 3 , 𝑎𝐷𝑎,𝑃𝑑 = 13 , then the matrix is normalized, and the priority vector is obtained using: 

𝑤𝑖 = ∑ 𝑎𝑖𝑗∑ 𝑎𝑘𝑗𝑛𝑘=1𝑛𝑗=1 𝑛  
(15) 

This is done for each row of the normalized matrix. Consistency is checked using:  𝐶𝑅 = 𝐶𝐼𝑅𝐼, 𝐼 = λ𝑚𝑎𝑥−𝑛𝑛−1  , where 𝐶𝑅 < 0.1 indicates acceptable consistency. 

D. Interpretation of the Results 

The neutrosophic model evaluates the ethical and academic effectiveness of the AI-powered learning 

process in public higher education, based on a case study. The final value 𝐸𝑙 = (𝑇𝑒, 𝐼𝑒, 𝐹𝑒) represents the 

neutrosophic perception of the ethical and academic effectiveness of each student's learning. This result 

can be interpreted as: 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 
Paola Elizabeth Cortez Clavijo, Marjorie Alexandra Coronel Suárez, Lourdes Hilda Ortega Maldonado, Félix Javier Rosales 
Borbor, Cynthia Nataly Espíndola Vásquez, María Magdalena Gonzabay Espinoza, Mónica Karina Jaramillo Infante, Xavier 
Eduardo Espíndola Vásquez. Structural conditions and ethical dilemmas of the integration of Artificial Intelligence in Latin 
American Public Higher Education  

 

445 

• 𝑇𝑒 close to 1: Degree of positive contribution to learning. 
• High 𝐼𝑒: Degree of ethical/academic ambiguity or uncertainty. 
• High 𝐹𝑒 : Signs of rejection or ethical/academic limitations of the process. Degree of 

negative impact. 

4. Results  

To empirically analyze the perceptions, opportunities, and ethical dilemmas surrounding the 
integration of artificial intelligence (AI) in Latin American public higher education, an intervention was 
designed based on an academic performance prediction model grounded in Neutrosophic Logic. This 
intervention was applied in the course "Writing and Publishing Scientific Articles," taught for six weeks 
online to graduate students at the Peninsula of Santa Elena State University. The experience sought to 
evaluate the effects of the use of AI and learning analytics (LA) on student engagement, performance, 
and perceptions through a quasi-experimental approach with two distinct groups (experimental and 
control). 

4.1 Research intervention  

The intervention consisted of comparing the impact of the integration of artificial intelligence tools on 
the students' scientific article writing process. The control group wrote their article using traditional 
methodologies, conducting conventional bibliographic searches, synthesizing information manually, and 
representing the data through graphs and statistical analysis without advanced AI support. The 
experimental group, on the other hand, utilized the various AI tools available during the course, such as 
text generators, idea organization assistants, data analysis algorithms, and automated visualization, 
which they actively used to structure and write their scientific article. These tools facilitated the 
integration of information, the analysis of results, and the generation of graphs, improving the quality 
and depth of the final work. The variables analyzed to evaluate the effects of AI integration included: 

1. Level of prior knowledge about the use of digital tools and AI. 
2. Level of participation in collaborative discussions. 
3. Depth of analysis and argumentation in the article. 
4. Procedural quality in the structuring and presentation of the scientific article. 

Students in the experimental group visualized their own performance, as well as that of their peers, 
using graphs and charts generated on the Moodle platform. Weekly feedback included individualized 
suggestions for improvement, both from a technical and ethical perspective. This approach allowed not 
only for a critical understanding of the impact of AI, but also for a deeper reflection on its responsible 
integration into higher education. 

Table 2. Variables considered 
 

Variable Description Symbol Type 

Prior knowledge 
Diagnostic assessment at the beginning 
of the course 

𝐾𝑝 input 

Frequency of participation Number of weekly forum contributions 𝑃𝑑 input 
Depth of discussion Level of critical analysis (expert coding) 𝐷𝑎 input 
Procedural quality Quality of weekly and final deliverables 𝑅𝑐 input 

Final evaluation Final course assessment 𝐸𝑙 expected 
output 

Each input variable is represented as a neutrosophic triplet: 𝑥𝑖 = (𝑇𝑖, 𝐼𝑖, 𝐹𝑖) . Taking one of the 
students in the case study as an example, for the Prior Knowledge variable 𝐾𝑝, would be: 𝐾𝑝 = (0.8,0.1,0.1) 
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Where: 𝑇𝑖: degree of truth (high level). 𝐼𝑖: degree of indeterminacy (uncertainty in measurement). 𝐹𝑖: degree of falsity (absence of knowledge). 
The weights assigned to each variable (by expert analysis) would be as follows: 𝑤𝐾𝑝 = 0.25,    𝑤𝑃𝑑 = 0.20,     𝑤𝐷𝑎 = 0.25,     𝑤𝑅𝑐 = 0.30 

The neutrosophic evaluation is calculated according to equation (13). Continuing with the same 
example, the neutrosophic triplet for a student in the experimental group is defined as follows: 𝐾𝑝: (0.8, 0.1, 0.1);   𝑃𝑑: (0.7, 0.2, 0.1);    𝐷𝑎: (0.6, 0.3, 0.1);   𝑅𝑐: (0.75, 0.2, 0.05) 

The calculation is performed according to equation (13), as follows: 
Neutrosophic evaluation 𝐸𝑙: 𝑇 = (0.25)(0.8) + (0.20)(0.7) + (0.25)(0.6) + (0.30)(0.75) = 0.7125 𝐼 = (0.25)(0.1) + (0.20)(0.2) + (0.25)(0.3) + (0.30)(0.2) = 0.2075 𝐹 = (0.25)(0.1) + (0.20)(0.1) + (0.25)(0.1) + (0.30)(0.05) = 0.0875 

 𝐸𝑙 = (0.7125,  0.2075,  0.0875) 
For this specific case, the results are interpreted as follows:  

• There is 71% positive effectiveness (T) in the ethical and academic use of AI in learning. 
• There is 20% ambiguity or uncertainty about its impact. 
• Only 8% of potential negative effects are present, suggesting a favorable implementation but 

with ethical aspects to monitor. 

4.2. General results of the case study 

The results obtained from applying the neutrosophic model described above are presented below. The 
analysis was organized into two parts: first, a description of the results by group (experimental and 
control), and second, a comparison between the two groups in relation to the key study variables. 

 
4.2.1. Results of the Experimental Group 

Table 4 shows the average values of the variables evaluated using neutrosophic triplets for the 
experimental group: 

Table 4. Average neutrosophic values for the experimental group (n=26) 
 

Variable T (Truth) I (Indeterminacy) F (Falsehood) 

Prior knowledge (𝐾𝑝) 0.73 0.18 0.09 
Frequency of participation (𝑃𝑑) 0.81 0.12 0.07 
Depth of discussion (𝐷𝑎) 0.76 0.15 0.09 
Procedural quality (𝑅𝑐) 0.79 0.14 0.07 
Final evaluation (𝐸𝑙) 0.77 0.15 0.08 

 
These results indicate that students in the experimental group showed a high positive contribution (T 

= 0.77), moderate indeterminacy (I = 0.15), and low perceptions of falsehood or disagreement (F = 0.08) 
regarding the use of AI in the ethical and academic learning process. 

 
4.2.2. Control group results 

 

Table 5 presents the values for the control group: 
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Table 5. Average neutrosophic values for the control group (n=22) 
 

Variable T (Truth) I (Indeterminacy) F (Falsehood) 

Prior knowledge (𝐾𝑝) 0.68 0.21 0.11 
Frequency of participation (𝑃𝑑) 0.74 0.18 0.08 
Depth of discussion (𝐷𝑎) 0.71 0.19 0.10 
Procedural quality (𝑅𝑐) 0.72 0.20 0.08 
Final evaluation (𝐸𝑙) 0.71 0.20 0.09 

 
Comparatively, the control group had a lower level of truth (T = 0.71) and greater indeterminacy (I = 

0.20), suggesting a less structured learning process or greater ethical and academic ambiguity compared 
to the experimental group. 

 
4.2.3. Comparative Analysis 

 

Table 6 presents the comparative values of the final evaluations (𝐸𝑙) for both groups. 
Table 6. Comparison between the experimental and control groups. 

 

Grupo 𝑻𝒆 (Truth) 𝑰𝒆 (Indeterminacy) 𝑭𝒆 (Falsehood) 

Experimental 0.77 0.15 0.08 
Control 0.71 0.20 0.09 
Difference (Δ) +0.06 –0.05 –0.01 

 
The experimental group outperformed the control group in terms of positive contribution (ΔT = +0.06) 

and showed less ambiguity (ΔI = –0.05), suggesting that feedback based on the neutrosophic model had 
a favorable impact on the structuring of students' ethical and academic thinking. The difference in falsity 
(ΔF = –0.01) was marginal (Figure 1). 

 
Figure 1. Comparison of truth (Tₑ), indeterminacy (Iₑ), and falsehood (Fₑ) values between the experimental and 

control groups, including the calculated differences (Δ) for each neutrosophic component. 
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Additionally, a statistical comparison was performed using t-tests between both conditions to 
evaluate the variables under analysis, which is summarized in the following table: 

 
Table 7. t-test comparison of the study variables. 

 

Variable Group Mean Std. Dev. F p Comparison 

Prior knowledge (𝐾𝑝) Control 0.65 1.02 3.21 0.218  
 Experimental 1.12 1.30    

Frequency of 
participation (𝑃𝑑) 

Control 5.55 8.40 1.90 0.027* Exp > Control 

 Experimental 9.80 10.70    

Depth of discussion 
(𝐷𝑎) 

Control 3.20 4.75 2.87 0.074  

 Experimental 6.60 8.12    

Procedural quality (𝑅𝑐) Control 1.00 1.41 1.60 0.233  
 Experimental 1.85 2.12    

Final evaluation (𝐸𝑙) Control 2.80 3.20 2.40 0.038* Exp > Control 
 Experimental 5.50 4.90    

* p ≤ 0.05 

An analysis of the results revealed that the group that used AI tools showed significant improvements 
in several dimensions. Active participation in the preparation of the article was greater, reflecting a 
deeper commitment to the research and writing process. The final quality of the article, assessed using 
rubrics that considered coherence, originality, data analysis, and visual support, was clearly superior in 
the experimental group, demonstrating that technological assistance contributed to improving the 
methodological and argumentative quality of the work. Furthermore, students stated that the use of AI 
facilitated the organization of complex ideas and accelerated processes that, in traditional methods, take 
more time and effort. 

These findings suggest that the incorporation of artificial intelligence tools in higher education can 
have positive effects on the quality of academic products, the level of participation, and students' 
perceptions of their learning process. Technology does not replace critical work, but rather complements 
it, helping students enhance their capabilities and overcome the limitations of conventional methods. The 
results suggest that integrating AI into university scientific production represents an opportunity to 
strengthen teaching-learning processes and promote a more innovative and efficient approach to 
academic training. 

4. Discussion 

The integration of Artificial Intelligence into higher education, particularly in Latin American contexts, 
represents a profound transformation of the educational ecosystem, not only from a technological 
perspective, but also from a structural, pedagogical, and ethical perspective. AIdA allows for the creation 
of personalized, student-centered learning experiences, which entails a reformulation of the traditional 
roles of teachers and students: the former as facilitators and strategic mediators, and the latter as 
protagonists of their educational process. 

From this perspective, AI-based tools, such as predictive models of student performance and real-time 
learning analytics, can significantly improve pedagogical decision-making. These technologies enable 
continuous feedback, progress monitoring, and early identification of academic risks. In the Latin 
American context, these functionalities become strategic due to the high dropout rates, inequality, and 
lack of personalization in public higher education. However, currently implemented AI models tend to 
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focus more on summative performance rather than on the learning processes themselves, creating gaps 
in the comprehensive understanding of student development. This is particularly problematic in 
scenarios where quantitative outcomes are prioritized over students' educational trajectories and social 
or emotional contexts. Therefore, it is necessary to move toward models that incorporate multimodal 
analysis and integrated approaches to educational data mining and learning analytics. 

In line with these needs, the closed-loop AIEd development cycle, comprised of model creation, 
optimization, application, and empirical validation, constitutes a crucial paradigmatic framework. This 
cycle demands a synergy between artificial and human intelligence, highlighting that the cognitive, 
affective, ethical, and social dimensions of learning cannot be automated or replaced. In this sense, 
neutrosophic analysis provides a pertinent approach by allowing for the modeling of the uncertainty and 
indeterminacy that characterize both educational systems and pedagogical decisions involving AI. 

Furthermore, this study recognizes that the paradigmatic shift in the integration of AI in higher 
education must comprise three phases: (1) AI as a guide to the process (student as recipient), (2) AI as a 
support to the process (student as collaborator), and (3) AI as an empowerer (student as a leader of their 
learning) [14]. This progression is essential for an ethical and contextualized adoption of technology, 
especially in Latin American public universities, where structural conditions—infrastructure, data access, 
and teacher training—still represent significant barriers. 

The neutrosophic analysis conducted on the use of AI reveals tensions between the perceived 
usefulness of these tools and ethical concerns linked to student autonomy, equal access, algorithm 
transparency, and data privacy. These tensions must be addressed through clear institutional policies, AI 
ethics training for teachers and researchers, and the development of intelligent platforms based on 
principles of inclusion and social justice. 

However, the results obtained from the implementation of the proposed neutrosophic model suggest 
that the adoption of AI in higher education has a positive effect on key learning processes, particularly 
motivation, engagement, and the quality of final products. 

5. Conclusions  

This research demonstrated that the integration of artificial intelligence (AI) in Latin American public 
higher education requires not only technological development but also a structured, ethical, and 
contextualized approach to its implementation. Using the proposed neutrosophic model, it was possible 
to identify, represent, and analyze the levels of truth, uncertainty, and falsehood in perceptions, decisions, 
and outcomes linked to the use of AI in complex and diverse educational contexts. 

The neutrosophic model allowed for the incorporation of the uncertainty inherent in educational 
processes, especially with regard to the interpretation of academic data, the evaluation of learning 
trajectories, and the assessment of institutional conditions for the adoption of technologies. By 
considering contradictory and incomplete dimensions of the educational phenomenon—such as the 
tension between automation and autonomy, or between efficiency and equity—the neutrosophic 
approach proved to be a robust tool for the structural and ethical analysis of AI in higher education. One 
of the most relevant findings was the model's ability to mathematically represent the ambiguities faced 
by teachers, students, and university administrators when using intelligent systems. It revealed that while 
certain elements are perceived as positive (for example, the personalization of learning), other aspects 
generate uncertainty or rejection (such as algorithmic opacity or the depersonalization of the educational 
process). 

Furthermore, the neutrosophic analysis showed that AI-assisted pedagogical decision-making is more 
effective when humanistic, ethical, and social criteria are incorporated, rather than based exclusively on 
performance metrics. In this sense, the proposed model favors a more holistic and critical view of AI, 
overcoming traditional approaches focused solely on predictive accuracy. 
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It is concluded that the teaching and learning of the future must be oriented toward the active and 
reflective integration of AI as a tool for learning analytics, with the aim of organizing, interpreting, and 
applying educational data in ways that drive informed decision-making, improve learning environments, 
and effectively contribute to student success. However, the success of this transformation will depend on 
the design of solid institutional frameworks that promote data sovereignty, teacher training in digital 
ethics, and the development of inclusive, adaptive, and socially responsible solutions. 
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Abstract. In the context of higher education, the evolution towards a full integration of digital technologies has been significant 

globally, but its effective implementation varies between different regions and institutions. In Latin America, the adoption of 

information and communication technologies (ICTs) has been uneven, despite efforts to incorporate digital tools into education. 

Significant gaps in infrastructure and teacher training persist, which limit educational quality and the full development of digital 

skills in students. This paper aims to measure the impact of implementing a pedagogical strategy on developing basic digital 

skills and how it improves the pedagogical skills and innovation capacity of students in the Basic Education career at the Boli-

varian University of Ecuador. To achieve this goal, a group of students who receive a program benefiting from this strategy are 

evaluated. Plithogenic Data Envelopment Analysis (DEA) is used for data representation and processing. On the one hand, 

plithogeny is used to deal with data of different natures; it is a multivariate theory. DEA is a theory based on linear programming 

that measures the efficiency between input and output variables for multi-criteria decision problems. The combination of both 

tools allows the research objective to be met. 
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1 Introduction 

The digital transformation has reshaped social, economic, and educational dynamics worldwide, 
making mastery of digital skills an essential requirement for active and productive participation in the 
21st century. In higher education, this evolution has generated new demands on students and faculty, 
who must adapt to learning environments that integrate emerging technologies, innovative methodol-
ogies, and constantly updated digital resources. However, this integration process has not been uniform, 
especially in regions like Latin America, where significant gaps in infrastructure, training, and techno-
logical access persist. 

In Latin America, and particularly in Ecuador, the integration of digital skills in higher education 
represents a transcendental challenge for the academic and professional development of university stu-
dents. Although students possess basic knowledge of digital tools, there are significant deficiencies in 
advanced skills, such as content creation and security in digital environments. These shortcomings are 
evident in recent studies, which show an intermediate command of digital skills among students at 
Ecuadorian higher education institutions, with notable limitations in information management and 
communication on digital platforms. 

The Bolivarian University of Ecuador emphasizes the need to strengthen basic digital skills among 
students of Basic Education, as this has become an urgent challenge. Although young university stu-
dents are familiar with everyday technological tools, there is a clear gap between these initial skills and 
the digital competencies necessary for their professional development as 21st-century educators. This 
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gap compromises their capacity for pedagogical innovation, limits their critical and creative use of tech-
nology, and ultimately affects the quality of the educational process they must lead. 

At a broad level, the magnitude of the problem is reflected in the frequency and distribution of dig-
ital skills gaps, affecting not only urban areas but also less accessible regions where access to advanced 
technology is still limited. Research indicates that these challenges are especially significant for vulner-
able groups, including low-income students and women, who often face additional barriers to accessing 
technology education. 

The likely causes of this situation include insufficient technological infrastructure at many universi-
ties, teacher training that is not always up to date with technological innovations, and a lack of coherent 
educational policies that prioritize the integration of digital skills into the curriculum. Furthermore, 
there is limited consensus on the best approaches and practices for teaching and learning these skills, 
resulting in disparities in the quality of digital education across institutions. 

In this context, there is an urgent need to rethink the pedagogical strategies used to train future 
teachers. It is essential to design and implement methodological proposals that not only promote the 
instrumental use of technology but also foster critical reflection, the creation of digital content, collabo-
ration in virtual environments, and digital ethics. Training professionals with these capabilities implies 
going a step further than simply acquiring technical skills; it requires a profound transformation in the 
way we understand the teaching-learning process, where technology becomes a means to enrich peda-
gogical thinking and not an end. 

The objective of this article is to analyze, design, and validate a pedagogical strategy focused on the 
development of basic digital competencies to strengthen the pedagogical skills and innovative capacity 
of students in the Basic Education program at the Bolivarian University of Ecuador. By addressing this 
problem from a broad perspective, the aim is to provide not only a well-founded diagnosis but also a 
viable proposal that can be replicated in other institutions in the country. The goal is clear: to contribute 
to a more equitable, inclusive education adapted to the challenges of the present, in which teachers not 
only teach with technology but also educate for critical, active, and engaged digital citizenship. 

One of the challenges of the study we wish to conduct lies in the diversity of variables that form part 
of the problem, including those of pedagogical, technological, social, and political origin, among others. 
Furthermore, there may be uncertainty and indeterminacy in any opinion given, because we are dealing 
with subjective ideas. To comply with multi-dimensionality, the diversity of the types of variables, un-
certainty, and indeterminacy, we use plithogenic neutrosophic sets [1]. Plithogeny theory was intro-
duced by F. Smarandache to model multivariate problems [2]. This theory aims to capture the dynamics 
between different elements, their opposites, and their neutrals, where neutral also refers to the paradox-
ical, the contradictory, the inconsistent, the erroneous, and so on [3-5]. 

Specifically, we will study the impact of the chosen strategy by evaluating a group of students' 
improvement in certain aspects. To do this, we will combine plithogenic sets with the Data Envelopment 
Analysis (DEA) method [6, 7]. DEA is a mathematical technique used to evaluate the efficiency of 
productive units, such as companies, hospitals, or educational institutions [8]. It is based on the 
comparison of multiple inputs (resources used) and outputs (results obtained) to determine how 
efficient a unit is relative to similar units. 

The key concepts of DEA are [9]: 
• Relative efficiency: It is not compared with an absolute standard, but with the best 

performance within the group analyzed. 
• Non-parametric model: It does not require a specific functional form for the relationship 

between inputs and outputs. 
• Use in multiple sectors: Applied in economics, health, education, and energy, among others 

[10-13]. 
The advantages of the DEA are: 

• It allows us to identify best practices within a group, 
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• It does not require assumptions about the distribution of the data, 
• It can handle multiple inputs and outputs simultaneously. 

There are several models of DEAs; among the most common are [14]: 
• CCR (Charnes, Cooper, and Rhodes) model: Assumes constant returns to scale (CRS), which 

means that any linear combination of the observed decision units is valid. 
• BCC model (Banker, Charnes, and Cooper): Considers variable returns to scale (VRS), 

allowing convex linear combinations. 
• Input- or output-oriented models: Depending on the approach, they may seek to minimize 

resource use (input) or maximize production (output). 
Hybridizing the DEA method with plithogenic neutrosophic sets allows measuring efficiency in 

more complex data, where the indeterminacy and uncertainty inherent in the variables obtained by 
subjective measurements are taken into account [6]. 

This paper is divided into a Materials and Methods section summarizing the main concepts related 
to DEA and plithogenic sets. The Results section contains the results of the study. The article also has a 
Conclusion section. 

2 Materials and Methods 

In this section, we present the theories used to perform the analysis. These are the Data Envelopment 
Analysis (DEA) method and the Plithogenic Sets. 

2.1 Data Envelopment Analysis (DEA) 

This is a non-parametric method used to calculate the relative efficiency of decision-making units 
(DMUs) concerning several variables, some inputs, and other outputs [6, 14]. The model is based on 
linear programming. There are two DEA models; the first is known as CCR and gives a total efficiency 
score. The second is BCC, which calculates technical efficiency scores for each DMU. Both CCR and BCC 
models can be configured as input-oriented or output-oriented. The input-oriented CCR model consists 
of the following problem: 𝑚𝑎𝑥 𝜃 = ∑ 𝑢𝑟𝑠𝑟=1 y𝑟0  

s.t. 

{∑ 𝑣𝑖𝑚𝑖=1 x𝑖0 = 1∑ 𝑢𝑟𝑠𝑟=1 y𝑟𝑗 − ∑ 𝑣𝑖𝑚𝑖=1 x𝑖𝑗 ≤ 0; 𝑗 = 1, 2, … , 𝑛𝑢𝑟 , 𝑣𝑖 ≥ 0; 𝑟 = 1, 2, … , 𝑠; 𝑖 = 1, 2, … , 𝑚                       (1) 

In this model, there are 𝑛 DMUs to be evaluated: 𝜃 is the efficiency score of the kth DMU; y𝑟𝑘 is the 
rth output of the jth DMU; x𝑖𝑗 is the ith input based on the jth DMU; 𝑢𝑟 is the weight of the rth output; 𝑣𝑖 is the weight of the ith input; 𝑚 is the number of inputs; 𝑠 is the number of outputs. This is a linear 
programming problem. 

The output-oriented CCR model consists of the following equations: 𝑚𝑖𝑛 𝜑 = ∑ 𝑣𝑖𝑚𝑖=1 x𝑖𝑗  

s.t. 

{∑ 𝑢𝑟𝑠𝑟=1 y𝑟0 = 1∑ 𝑢𝑟𝑠𝑟=1 y𝑟𝑗 − ∑ 𝑣𝑖𝑚𝑖=1 x𝑖𝑗 ≤ 0; 𝑗 = 1, 2, … , 𝑛𝑢𝑟 , 𝑣𝑖 ≥ 0; 𝑟 = 1, 2, … , 𝑠; 𝑖 = 1, 2, … , 𝑚               (2) 

2.2 Plithogenic Sets 

Plithogenic sets generalize neutrosophic sets [1, 15-19]. Moreover, unlike previous sets such as fuzzy 
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sets, intuitionistic fuzzy sets, and all others, this one takes multidimensionality into account. The idea 
behind plithogenic sets is to capture the dynamics that exist between different concepts, their opposites, 
and their neutrals. 

A plithogenic set, which is denoted by 𝑃 on a universe of discourse 𝑈, is defined by a quintuple (𝑃, 𝑎, 𝑉, 𝑑, 𝑐) where: 
1. 𝑃 is a non-empty subset of 𝑈, which is the plithogenic set. 

2. A =  {α1, α2, … , αm}, m ≥  1 is a set of one-dimensional attributes, 

3. For each α ∈  A, there is a spectrum of all possible values (or states) 𝑆, which can be finite, 
countably infinite, or continuous infinite, represented by an open, closed, or half-open interval 
of real numbers or another more general domain. 

So, 𝑉 ⊂ 𝑆, 𝑉 ≠ ∅ is the range of all state values defined by experts as necessary to model the 
problem being studied. Thus, V =  {v1, v2, … , vn}, and n ≥  1. 

4. 𝑑 is called the degree of approval, defined as indicated in Equation 3: ∀𝑥 ∈  𝑃, 𝑑: 𝑃 × 𝑉 →  𝒫 ([0, 1]𝑧)             (3) 

Therefore, 𝑑(𝑥, 𝑣) is defined for each pair of elements, one of 𝑃 and one in V, into the power set 
of [0, 1]𝑧. 

The value of 𝑧 defines the type of appurtenance; z = 1 is a fuzzy degree of appurtenance, z = 2 cor-
responds to an intuitionistic fuzzy degree of appurtenance, and z = 3 characterizes the neutrosophic 

degree of appurtenance. 

Let us denote by 𝑑𝐹 the fuzzy degree of appurtenance, by 𝑑𝐼𝐹 the intuitionistic fuzzy degree of appur-

tenance, and by 𝑑𝑁 the neutrosophic degree of appurtenance. 

5. In general, there may be a value called dominant, denoted by 𝑣𝐷, which is the one indicated by 
experts as the reference or the most important. 

The attribute value contradiction degree function c: V × V →  [0, 1] between two attributes 𝑣1 and 𝑣2 satisfies the following properties: 

• 𝑐(𝑣1, 𝑣1)  =  0, 
• 𝑐(𝑣1, 𝑣2)  =  𝑐(𝑣2, 𝑣1). 

This function measures the dissimilarity that exists between the two attributes. Just like 𝑑, this 
is classified into: 

• Fuzzy attribute value contradiction degree function, which is denoted by cF, 
• Intuitionistic fuzzy attribute value contradiction function that is a function cIF: V × V → [0, 1]2, 
• Neutrosophic attribute value contradiction degree function that is defined by cN: V × V → [0, 1]3. 

In general, with the plithogenic sets we can define operations of plithogenic aggregation operators (in-
tersection (AND), union (OR), implication (⟹), equivalence (⟺), inclusion relation (partial order), 
among others) from the fuzzy t-norms (∧F) and the fuzzy t-conorms (∨F). These operations can be ob-
tained by linear or nonlinear combinations of t-norms and t-conorms. 

If 𝑣𝐷 is the dominant value and 𝑣2 is any value, then the operations that appear in Equations 4 and 
5 can be defined between them: [1 −  𝑐(𝑣𝐷, 𝑣2)] ⋅ (𝑣𝐷 ∧𝐹 𝑣2)  +  𝑐(𝑣𝐷, 𝑣2) ⋅ (𝑣𝐷 ∨𝐹 𝑣2)             (4), [1 −  𝑐(𝑣𝐷, 𝑣2)] ⋅ (𝑣𝐷 ∨𝐹 𝑣2)  +  𝑐(𝑣𝐷, 𝑣2) ⋅ (𝑣𝐷 ∧𝐹 𝑣2)             (5). 
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Where 𝑐(𝑣𝐷, 𝑣2) denotes the contradiction between 𝑣𝐷 and 𝑣2. 

Additionally, it is especially necessary to consider the Plithogenic Neutrosophic Intersection: (𝑎1, 𝑎2, 𝑎3) ∧𝑃 (𝑏1, 𝑏2, 𝑏3)  =  (𝑎1 ∧𝐹 𝑏1, 12 [(𝑎2 ∧𝐹 𝑏2) + (𝑎2 ∨𝐹 𝑏2)], 𝑎3 ∨𝐹 𝑏3)                (6), 

The Plithogenic Neutrosophic Union is: (a1, a2, a3) ∨P (b1, b2, b3)  =  (a1 ∨F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∧F b3)                 (7). 

To define the Plithogenic Neutrosophic Inclusion, we have: 

Due to the degrees of contradiction are c(a1, a2)  =  c(a2, a3)  =  c(b1, b2)  =  c(b2, b3)  =  0.5, then: a2  ≥  [1 −  c(a1, a2)]b2 or a2  ≥  (1 − 0.5)b2 or a2  ≥  0.5b2 and c(a1, a3)  =  c(b1, b3)  =  1. 

When a1 ≤  b1 the opposite applies for a3 ≥  b3, and then (a1, a2, a3) ≤P (b1, b2, b3) if and only if a1  ≤  b1 and a2  ≥  0.5b2, a3  ≥  b3. 

3 Results 

The study included 23,300 undergraduate students and faculty members from the Bolivarian Uni-
versity of Ecuador. A non-probability sample of 244 participants was selected. The idea of using the 
plithogenic neutrosophic sets with DAE is as follows: 

Pre-strategy assessments are used as inputs, and post-strategy assessments are used as outputs. This 
would allow for analyzing the relative effectiveness of the digital skills strategy based on the progress 
observed, as follows: 

1. Define assessment units: Each participant and group is a decision-making unit (DMU). DMUs 
denote participants, and DMGs denote groups. 

2. Inputs (before the strategy): Level of digital competence before the intervention, access to tech-
nology, and previous training. 

3. Outputs (after the strategy): Digital skills after the intervention, productivity, and adoption of 
technological tools. 

4. Application of the unit: Comparing how initial evaluations (inputs) were transformed into 
final results (outputs). 

5. Results analysis: If efficiency is guaranteed after the strategy is implemented, it means it had 
a positive impact; if not, certain factors could be adjusted. 

One of the important elements is to establish the measurement scale, which is a linguistic scale, as 
shown in [20]: 

 
Table 1. Proposed neutrosophic linguistic scale. Source: [20]. 

 
Linguistic Variable Plithogenic neutrosophic scale 

Very Bad (VB) (0.10, 0.75, 0.85)  
Bad (B) (0.25, 0.60, 0.80)  
Medium Bad (MB) (0.40, 0.70, 0.50)  
Medium (M) (0.50, 0.40, 0.60)  
Medium Good (MG) (0.65, 0.30, 0.45)  
Good (G) (0.80, 0.10, 0.30)  
Very Good (VG) (0.95, 0.05, 0.05)  
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As shown in [16], we apply the following adapted algorithm: 

1. The results of the inputs and outputs are evaluated according to the linguistic scale shown in 
Table 1. To process the data, we work with their plithogenic neutrosophic numbers scale 
equivalent. 

2. The dominant criterion is established, as well as the neutrosophic attribute value contradiction 
degree function, which is fixed. To aggregate the results by groups, the operator in Equation 
4 is selected. 
The t-norm minimum and the t-conorm maximum are used. Aggregation using plithogenic 
neutrosophic numbers is the one that appears in the plithogenic neutrosophic intersection of 
Equation 6. 

3. Each of the aggregation results becomes a plithogenic neutrosophic number, where 𝑋 =(𝛼, 𝛽, 𝛾) is converted to a crisp value using the following score function equation [21]: 𝒮(𝑋) = (2+𝛼−𝛽− 𝛾)3               (8) 

These values are then rescaled concerning 𝑣𝐷 using Equation 4. 

4. The traditional DEA method is applied to the crisp data. 

After consulting with experts, it was determined that there are three key strategies to strengthen 
digital competence in a pedagogical university: 

1. Integration of Educational Technologies into Teaching: Train teachers in the use of digital 
tools such as interactive platforms, virtual simulations, and educational software. Incorpo-
rate methodologies such as digital project-based learning and gamification. 

2. Promoting Digital Culture and Critical Thinking: Develop training spaces where students 
and teachers reflect on the impact of technology, online security, and the responsible use of 
information. Digital literacy programs can help improve the search for reliable sources and 
the ethical handling of data. 

3. Creation of Digital Innovation Labs and Networks: Establish innovation labs with access to 
artificial intelligence, augmented reality, and data analysis tools applied to education. Addi-
tionally, foster interdisciplinary collaboration between teachers and students on technologi-
cal projects. 

Each strategy has its impact, depending on the educational context and the specific objectives to be 
achieved: 

• If the focus is on improving teaching and learning in the classroom, the first strategy is key. 
The integration of educational technologies can transform the way students acquire 
knowledge, making it more dynamic and interactive. Teachers trained in digital tools can 
influence gamification and digital project-based learning to improve engagement. 

• If the goal is to develop critical thinking and digital knowledge, the second strategy is inval-
uable. In a world where information is abundant (and not always reliable), teaching students 
to analyze sources, reflect on the impact of technology, and navigate the digital environment 
safely is essential. 

• If large-scale technological innovation and development are desired, the third strategy might 
be more effective. Having labs equipped with AI, augmented reality, and advanced tools 
fosters creativity and interdisciplinary collaboration. This allows students to develop cut-
ting-edge skills and explore technological applications in diverse areas. 

Considering the difficulties involved in setting up a laboratory to implement the third strategy, we 
decided to create a joint strategy that linked the first two strategies. To achieve this, we sought out an 
existing program and adapted it to the objective conditions of the students, the professors, and the uni-
versity's situation. This training lasted six months, was delivered once a week, and included study 
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groups. 

The assessment units (DMUs) are each of the 244 students, denoted by DMU1, DMU2,…, DMU244. 
The students were divided into four groups: DMG1, which includes student teachers for subjects such 
as Physics, Mathematics, Computer Science, and technical sciences; DMG2, which includes students 
specializing in biological sciences; the third group, DMG3, includes students from humanities-related 
pedagogical subjects such as Political Science, Philosophy, or Language; and finally, DMG4, which in-
cludes students from artistic subjects such as Music Appreciation or Visual Arts. Thus, each group con-
sists of 61 students to be analyzed. To simplify the calculations, the results for each group are aggregated 
concerning all variables using Equation 6. To do this, it was determined that the dominant variable is 
"Digital skills after the intervention," which is denoted by 𝑣𝐷. 

The notations for the other variables are: 
v2: Level of digital competence before the intervention, 
v3: Access to technology, 
v4: Previous training, 
v5: Productivity, 
v6: Adoption of technological tools. 

The values of the contradiction function are as follows: 𝑐(𝑣𝐷, 𝑣2) = 0.5, 𝑐(𝑣𝐷, 𝑣3) = 0.1, 𝑐(𝑣𝐷, 𝑣4) = 0.1, 𝑐(𝑣𝐷, 𝑣5) = 0.5, 𝑐(𝑣𝐷, 𝑣6) = 0.3, 

After applying the aggregation and obtaining the results for each group, the calculations obtained 
are summarized in Table 2. 

 
Table 2. Results in the form of plithogenic neutrosophic numbers of the aggregation for each DMG and each vari-

able. 
 

Variable/DMGs DMG1 DMG2 DMG3 DMG4 

v2 (0.65, 0.30, 0.45) (0.50, 0.40, 0.60) (0.40, 0.70, 0.50) (0.40, 0.70, 0.50) 
v3 (0.50, 0.40, 0.60)  (0.50, 0.40, 0.60) (0.50, 0.40, 0.60) (0.40, 0.70, 0.50) 
v4 (0.65, 0.30, 0.45) (0.50, 0.40, 0.60) (0.40, 0.70, 0.50) (0.50, 0.40, 0.60) 
v5 (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) 
v6 (0.80, 0.10, 0.30) (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) 
vD (0.95, 0.05, 0.05) (0.80, 0.10, 0.30) (0.65, 0.30, 0.45) (0.65, 0.30, 0.45) 

 
The plithogenic neutrosophic number values in Table 2 are obtained by aggregating the 61 values 

for each group using Equation 6. 
Converting the elements of Table 2 into crisp values with the help of the score function in Equation 

8 results in the following: 
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Table 3. Results in the form of crisp values of the data that appear in Table 2 after applying the score function. 
 

Variable/DMGs DMG1 DMG2 DMG3 DMG4 

v2 0.6333 0.5 0.3999 0.3999 
v3 0.5 0.5 0.5 0.3999 
v4 0.6333 0.5 0.3999 0.5 
v5 0.6333 0.6333 0.6333 0.6333 
v6 0.7999 0.6333 0.6333 0.6333 
vD 0.95 0.7999 0.6333 0.6333 

 
 
Table 4 contains the results of applying Equation 4 to the data, which is the formula for the rela-

tionship of the data of each variable concerning the dominant attribute (Figure 1). 
 

Table 4. Results of applying Equation 4 to the data in Table 3. 
 

Variable/DMGs DMG1 DMG2 DMG3 DMG4 

v2 0.79165 0.64995 0.5166 0.5166 
v3 0.545 0.52999 0.51333 0.42324 
v4 0.66497 0.52999 0.42324 0.51333 
v5 0.79165 0.7166 0.6333 0.6333 
v6 0.87495 0.7166 0.6333 0.6333 
vD 0.95 0.7999 0.6333 0.6333 

 
Figure 1. Radar Chart of the Reescaled Performance Profiles for DMG1 to DMG4 Across Six Variables 
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Table 5 contains the results of the input-oriented CCR model calculations using the DEA Frontier 

Free Version. 
 

Table 5. Results of the CRC Input- Oriented DEA model. 
 

 Optimal Multipliers 

DMG 

name 

Input-Oriented CRC ef-

ficiency v2 v3 v4 v5 v6 vD 

DMG1 1.00000 1.08809 0.25434 0.00000 0.00000 0.00000 1.05263 
DMG2 1.00000 1.53858 0.00000 0.00000 0.00000 0.00000 1.25016 
DMG3 1.00000 1.93573 0.00000 0.00000 0.05926 0.00000 1.51977 
DMG4 1.00000 1.93573 0.00000 0.00000 0.05926 0.00000 1.51977 

 
From Table 5 and the results of the efficiency coefficients, we see that the solution to the problem is 

efficient because they are all equal to 1.0. That is, there is an improvement after the program was im-
plemented. 

4. Conclusion 

From the systematization of the background of the problem, the central problem that we face lies in 
the insufficient training in basic digital skills among students at the Bolivarian University of Ecuador, 
which limits their ability to perform efficiently in a digital environment. If this problem were not re-
solved, future professionals would face difficulties adapting to the demands of the labor market, reduc-
ing their competitiveness and capacity for innovation. Therefore, we analyzed three possible strategies 
to apply to reverse this situation. We took two of them and transformed them into a single objective to 
achieve, and we also implemented a training program for students to achieve this objective. The chosen 
strategies were: (1) Integration of Educational Technologies in Teaching and (2) Promotion of Digital 
Culture and Critical Thinking. Then, we evaluated 244 students divided into four groups according to 
their specialty within pedagogy. We obtained improvement in all groups. One of the contributions of 
the article, beyond the practical result, is that we showed that plithogenic neutrosophic sets can be used 
in the validation of a program or project when hybridized with the DEA method, to measure the incor-
poration of competencies in students and teachers of higher education. 
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Abstract: Medical diagnosis faces significant challenges due to the inherent uncertainty and ambiguity of clinical 
data. In this context, this paper proposes a neutrosophic logic-based approach to disease diagnosis, with an emphasis 
on the detection of chronic kidney disease. The primary objective was to develop a computational method that 
adequately represents and manages uncertainty by transforming clinical attributes into neutrosophic structures 
composed of triplets (T: truth, I: indeterminacy, F: falsity). The implemented methodology included the collection 
and preprocessing of real clinical data extracted from the UCI repository (135 patients), the application of imputation 
and normalization techniques, the definition of diagnostic criteria, the fuzzification of attributes using membership 
functions (triangular, trapezoidal, Gaussian, and sigmoid), and the application of neutrosophic logic to obtain a final 
diagnosis. The proposal was evaluated using standard metrics such as accuracy, precision, sensitivity, F1-score, MAE, 
and RMSE. The results obtained from experimental tests show that the model achieves accuracy levels above 90%, 
with a low margin of error, which validates its ability to offer reliable diagnoses even in the presence of ambiguous 
or incomplete data. It is concluded that the neutrosophic approach constitutes an effective and flexible alternative to 
traditional binary classification models, providing a robust computational framework for medical decision-making 
under uncertainty.  

Keywords: Neutrosophic logic; uncertainty; medical diagnosis. 
 

1. Introduction 

Computational intelligence has gained increasing relevance in the field of medicine, positioning itself 
as a key tool for improving diagnostic processes, particularly in the treatment of chronic diseases [1]. 
Disease diagnosis plays a crucial role in improving patient care. Diseases, defined as any condition or 
circumstance that causes pain, dysfunction, or, in the worst cases, death, affect both a person's physical 
and mental well-being, substantially altering their lifestyle [2]. Understanding the causality behind these 
diseases, known as the pathological process, is essential for their effective treatment. Correct 
interpretation of the signs and symptoms of a disease is the responsibility of clinical experts, who, through 
diagnosis, determine the nature of the pathology based on the evidence provided by the patient. 

The diagnostic process is undoubtedly one of the most complex and challenging in medical practice. 
It involves exhaustive data collection from the medical history, physical examinations, and, in many 
cases, additional diagnostic testing [1]. Accuracy in this process is vital, as any error in diagnosis can 
delay or even prevent appropriate treatment, which could have serious consequences for the patient's 
health [3]. However, this process is inherently uncertain and susceptible to errors, especially when 
physicians do not have expertise in all areas of medicine. 

In this context, there is a need for automated diagnostic systems that combine human knowledge with 
machine precision, thus optimizing the diagnostic process and reducing costs. Over the years, various 
artificial intelligence (AI) and machine learning (ML) algorithms have proven to be useful tools in disease 
detection and in the classification of complex medical cases. These systems can analyze large volumes of 
data, detect patterns, and provide faster and more accurate diagnoses than humans in many cases [4]. 
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This research proposes an innovative approach based on Neutrosophic Logic, an emerging field of 
uncertainty theory. Unlike traditional AI approaches, neutrosophic logic handles uncertainty and 
imprecision more robustly, enabling more accurate decision-making in scenarios where data is unclear 
or incomplete. This proposal seeks to overcome the limitations of conventional systems, especially when 
dealing with complex diseases such as kidney disease, where the symptoms and factors involved may be 
ambiguous or overlap with those of other conditions. 

Neutrosophic Logic is distinguished by its ability to consider three degrees of information: true, false, 
and indeterminate, which makes it particularly useful in the medical context, where diagnoses are not 
always categorical and may be subject to variability [5, 6]. Throughout this work, we explore how this 
technique can be applied in the diagnosis of chronic kidney diseases, proposing an alternative to improve 
diagnostic accuracy and optimize patient treatment. 

This study, therefore, focuses on the intersection of artificial intelligence, neutrosophic logic, and 
medical diagnosis, intending to provide a tool for the detection of kidney diseases, particularly those that 
are difficult to diagnose with conventional methods. 

 
2. Related works 

 

The existing literature on computational intelligence applied to disease diagnosis was reviewed, and 
several relevant works were found that support the direction of the present research. These studies 
provide a basis for proposing a neutrosophic approach to disease diagnosis, particularly kidney disease. 

In a work carried out by [7], a machine learning-based neuro-fuzzy model was introduced to predict 
chronic kidney disease (CKD). This approach combines image processing techniques to detect fibrosis in 
renal tissues, achieving 97% accuracy in predicting CKD compared to conventional methods such as 
support vector machines and K-nearest neighbors [7]. This high level of accuracy highlights the 
effectiveness of the model in early identification of the disease. 

In 2022, [8] proposed a hybrid random forest classifier to detect CKD from 2D renal ultrasound 
images. Their study revealed an accuracy of 96.67%, with 100% recall and precision rates, suggesting that 
this method is promising for noninvasive diagnosis of the disease in its early stages. 

Another research conducted by [9], focused on classification and association rule mining techniques 
to predict CKD. Using various classification algorithms such as K-nearest neighbors and support vector 
machines, this study achieved a high accuracy of 98.50% with KNN and 96.00% with JRip association 
rule-based classifier. The findings underline the importance of an integrative approach that combines 
classification and rule-mining algorithms to improve the accuracy of CKD prediction. 

In 2015, [10] presented a study on machine learning applications in cancer prognosis and prediction. 
This work reviews recent machine learning approaches applied to cancer detection, highlighting 
innovations and achievements in the area. Another significant study was conducted by [11], who in 2015 
developed a predictive mining-based diagnosis and prediction system using a dataset on kidney diseases. 
In their research, they employed tools such as Weka and Orange to analyze machine learning algorithms, 
including AD Trees, J48, K-Star, Naïve Bayes, and Random Forest. Their results indicate that K-Star and 
Random Forest are the most effective algorithms for predicting kidney diseases, showing very low model-
building times and perfect ROC values. 

In [12] they also contributed to the field with their research on renal dialysis patient survival through 
data mining techniques. They employed multiple mining algorithms to create decision rules based on 
individual patient visits, observing that classification accuracy was significantly higher when using data 
from individual visits rather than aggregated data. 

 
Limitations: 

Despite advances in existing prediction systems for chronic kidney disease, these studies present 
certain limitations. The need for a new prediction system for CKD is evident, as a decision support system 
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that enables early and accurate predictions has not yet been developed. This highlights the importance of 
adopting a neutrosophic approach in the present research, as this method has the potential to address the 
existing uncertainties and complexities in medical diagnoses of kidney diseases, providing a more robust 
and effective framework for improving the accuracy of identifying this pathology. 

3. Materials and Methods  

This study is a prospective, open-label cohort design designed to evaluate the efficacy of a 
neutrosophic diagnostic model applied to medical data on kidney diseases. The research focused on the 
use of an open data repository, specifically the UCI Chronic Kidney Disease repository [13], intending to 
develop a computational method based on neutrosophic logic for predicting kidney diseases. 

The study adopted a quantitative approach, applying a computational algorithm based on 
neutrosophic logic to predict the diagnosis of kidney disease in patients. The analysis was performed 
using a publicly available dataset, allowing for a large sample of clinical cases without the need for 
primary data collection. The prospective nature of the study means that results are evaluated as 
computational techniques are applied to existing data, allowing for the analysis of predictions based on 
patients' clinical characteristics. 

The research is classified as exploratory and experimental. In the exploratory phase, a thorough review 
of the dataset was conducted to identify key attributes that could influence the diagnosis of kidney 
disease. The proposed method was subsequently implemented, testing different parameters and 
evaluating the results obtained. In the experimental phase, computational analysis techniques were 
applied to observe the performance of the diagnostic system using predefined metrics.  

3.1. Neutrosophic logic 

Neutrosophic logic is an extension of fuzzy logic used to handle uncertainty and indeterminacy in 
decision-making systems. Unlike classical logic, which only considers true and false values, neutrosophic 
logic allows for the inclusion of degrees of truth and falsity, as well as a third component that represents 
indeterminacy about a proposition [14]. This approach is especially useful in contexts where information 
is incomplete, imprecise, or contradictory, such as medical diagnoses. In neutrosophic logic, any set of 
data or decisions can be represented as a neutrosophic triple (𝑇, 𝐼, 𝐹) where: 

• 𝑇: Degree of truth (value between 0 and 1 that indicates how true a statement is). 
• 𝐼: Degree of indeterminacy (value between 0 and 1 that reflects the lack of information 

regarding the veracity of the statement). 
• 𝐹: Degree of falsity (value between 0 and 1 that indicates how false the statement is). 

The goal of using neutrosophic logic in medical diagnosis is to improve diagnostic accuracy by 
considering not only the observed symptoms but also the inherent uncertainty that can influence the 
interpretation of those symptoms. 

3.2. Data repository 

The use of neutrosophic logic for kidney disease diagnosis was performed on patient data obtained from 
the UCI repository, specifically from the Chronic Kidney Disease dataset [13]. This dataset, which can be 
used to predict chronic kidney disease, was collected in a hospital over a period of approximately two 
months. It is designed to classify patients according to the degree of kidney involvement and consists of 400 
instances and 24 features, with a variety of parameters that are crucial for diagnosis. 

The collected parameters are representative of the patients' medical condition and include various 
clinical measures, such as age, blood pressure, and several biochemical indicators that provide vital 
information about kidney health. These include, among others, serum creatinine levels, blood glucose, and 
blood cell characteristics. The summarized list of parameters and their descriptions are detailed in Table 1. 
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Table 1. Parameters influencing chronic kidney disease (CKD). 
 

Parameter Description 

Age (years) Patient's age. 

Blood pressure (mmHg) Patient's blood pressure. 

Specific gravity Urine specific gravity. 

Albumin Urine albumin level. 

Sugar Presence of sugar in urine. 

Red blood cells (RBC) Presence of red blood cells in urine. 

Pus cells (PC) Presence of pus cells in urine. 

Pus cell clusters (PCC) Presence of pus cell clusters in urine. 

Bacteria Presence of bacteria in urine. 

Blood glucose (BGR) Random blood glucose. 

Blood urea (BU) Blood urea level. 

Serum creatinine (SC) Serum creatinine level. 

Sodium (Na) Blood sodium level. 

Potassium (K) Blood potassium level. 

Hemoglobin (HEMO) Blood hemoglobin level. 

Packed cell volume (PCV) Packed cell volume. 

White blood cells (WBC) Blood leukocyte count. 

Red blood cells (RBC) Blood red blood cell count. 

Hypertension (HTN) 1: Yes (Patient with hypertension); 0: No 

Diabetes mellitus (DM) 1: Yes (Patient with diabetes); 0: No 

Coronary artery disease (CAD) 1: Yes (Patient with CAD); 0: No 

Appetite (APPET) 1: Good; 0: Bad 

Pedal edema (PE) 1: Yes (Patient with edema); 0: No 

Anemia (ANE) 1: Yes (Patient with anemia); 0: No 

Class 1: Yes (Patient with chronic kidney disease); 0: No 
Note: Values are presented as mean ± standard deviation and number (%). 

3.3. Performance evaluation 

To effectively evaluate model performance, this study employs six key metrics: Accuracy, Precision, 
Recall, F1-Score, Mean Absolute Error (MAE), and Root Mean Square Error (RMSE), as proposed in [15]: 

• Accuracy: This metric describes the proportion of correct predictions out of the total number of 
predictions made by the classifiers. It is an overall measure of model performance. Accuracy = 𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 (1) 

• Precision: Precision measures how accurately a system or model recognizes relevant cases among 
all the examples it labels as positive. It is calculated as the ratio of true positives to the total number 
of cases labeled as positive. Precision = 𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 (2) 
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• Sensitivity (Recall): Also known as recall, this metric indicates the percentage of true positive 
predictions among all true positive instances. It is a measure of the model's ability to correctly detect 
instances in the positive class. Recall = 𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 (3) 

• F1 Score: The F1 score combines precision and recall into a single metric. This metric is particularly 
useful when balancing a model's accuracy and sensitivity. A high F1 score indicates good overall 
classification performance. F1 − Score = Precision ∙ RecallPrecision + Recall (4) 

• Mean Absolute Error (MAE): This metric evaluates the average size of prediction errors, regardless 
of whether they are positive or negative. It is calculated as the mean of the absolute deviations 
between predicted and observed values. MAE = ∑Actual value − Predicted valuen  (5) 

• Root Mean Square Error (RMSE): Similar to MAE, RMSE amplifies larger discrepancies by squaring 
the errors before averaging them. The square root of this mean of the squared errors is then taken 
to obtain a measure of the average deviation between predicted and actual values. 

RMSE = √∑(Actual value − Predicted value)2n  (6) 

4. Results  

The proposal for a neutrosophic computational method for diagnosing kidney diseases focuses on the 
application of neutrosophic logic to address the uncertainties and vagueness inherent in medical 
diagnostic processes. This approach seeks to improve the accuracy and reliability of kidney disease 
detection by considering not only direct clinical data but also the imprecise or incomplete aspects that 
often characterize medical information. The neutrosophic model allows for the integration and processing 
of uncertain data from diverse sources, such as laboratory tests, medical images, and patient-reported 
symptoms, thus providing a more robust and adaptive diagnosis. This method, being flexible and capable 
of handling ambiguity, has the potential to assist healthcare professionals in making more informed and 
timely decisions, reducing the margin of error in diagnosis and improving patient prognoses. 

4.1. Definition of the neutrosophic method 

The objective of this method is to diagnose kidney diseases using neutrosophic logic to manage the 
uncertainty inherent in clinical data. The procedure is divided into the following phases: 

1. Collection of clinical data 

A patient's clinical dataset containing attributes relevant to the diagnosis of kidney diseases, such as 
age, blood pressure, and creatinine levels, among others, is obtained. In this research, the method is fed 
by the Chronic Kidney Disease dataset from the UCI repository [13], which contains multiple clinical 
attributes related to kidney diseases. The proposed procedure will be applied to this dataset to perform 
a neutrosophic diagnosis of chronic kidney diseases. Neutrosophic triplets will be calculated for each 
instance in the dataset to determine whether each patient has kidney disease or not.  
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2. Data preprocessing 

Data are cleaned and normalized to ensure they are in a format suitable for the computational model. 
Missing data imputation techniques are used if necessary [16]. Preprocessing is critical to ensure the data 
are ready for use in the model. This step consists of the following activities: 

• Data Cleaning 
1. Identification and removal of outliers or inconsistent values. 
2. Conversion of categorical data to numeric data if necessary (e.g., "yes/no" → 1/0). 

• Missing value imputation (if there are missing values for attributes such as creatinine or 
hemoglobin): 
1. Mean (for continuous numeric variables): 

x𝑖 = { x𝑖, 𝑠𝑖 x𝑖  ≠ 𝑁𝐴1𝑛∑𝑥𝑗𝑛
𝑗=1 , 𝑠𝑖 x𝑖  = 𝑁𝐴 (7) 

2. Mode (for categorical variables): x𝑖= value with the highest frequency in the column 

• Data normalization (data is normalized to fall within the range [0, 1]) 
1. Min-max normalization: 𝑥´𝑖 = 𝑥𝑖 −min (𝑥)max (𝑥) − min (𝑥) (8) 

This activity is important for applying fuzzification and constructing fuzzy membership functions. 

3. Defining Decision Criteria 

For each attribute, a set of decision rules is defined that associate the value of each parameter with 
degrees of truth, falsity, and indeterminacy using neutrosophic logic. For example: If serum creatinine is 
high, a high value can be assigned to 𝑇 and a low value to 𝐹, with an intermediate value for 𝐼. 

4. Attribute Fuzzification 

The numerical values of the clinical attributes are converted into fuzzy values using membership 
functions that assign degrees of membership to each kidney disease category. In this phase, the numerical 
values of the clinical attributes in the dataset are transformed into fuzzy values using membership 
functions. This transformation is essential for enabling the use of neutrosophic logic, as it facilitates the 
gradual representation of a value's membership in a diagnostic category, rather than relying on rigid 
boundaries. The objective is to assign each clinical value a degree of membership in one or more 
diagnostic categories (e.g., normal, moderate, high), which allows for the representation of the 
uncertainty inherent in medical diagnosis. 

For each clinical attribute (such as creatinine levels, hemoglobin, blood pressure, etc.), several fuzzy 
semantic categories are defined. These categories are determined based on medical knowledge and can 
vary in number depending on the attribute. Examples of categories could include: low, normal, high, and 
critical, among others. Fuzzy membership functions are then constructed for each category associated 
with an attribute.  

Membership functions are mappings that assign each value of a clinical attribute 𝑥  a degree of 
membership 𝜇(𝑥) 𝜖 [0,1] to a fuzzy diagnostic category. The most common ones in fuzzy systems are 
defined below: 
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Triangular membership 

function 
𝜇𝐴(𝑥) = {  

  0, 𝑥 ≤ 𝑎𝑥 − 𝑎𝑏 − 𝑎 , 𝑎 < 𝑥 ≤ 𝑏𝑐 − 𝑥𝑐 − 𝑏 , 𝑏 < 𝑥 ≤ 𝑐0, 𝑥 > 𝑐  (9) 

Where: 𝑎: Minimum value where membership begins to increase. 𝑏: Peak value with maximum membership (𝜇 = 1). 𝑐: Maximum value where membership drops to zero. 

Trapezoidal membership 

function 
𝜇𝐴(𝑥) =

{   
   0, 𝑥 ≤ 𝑎𝑥 − 𝑎𝑏 − 𝑎 , 𝑎 < 𝑥 ≤ 𝑏1, 𝑏 < 𝑥 ≤ 𝑐𝑑 − 𝑥𝑑 − 𝑐 , 𝑐 < 𝑥 ≤ 𝑑0, 𝑥 > 𝑑

 (10) 

Where: 𝑎 and 𝑑: extremes where membership is zero. 𝑏 and 𝑐: values where membership reaches and maintains its maximum (𝜇 = 1) 
Gaussian membership 

function 
𝜇𝐴(𝑥) = exp (−(𝑥 − 𝑐)22𝜎2 ) (11) 

Where: 𝑐: center of the curve (maximum membership). 𝜎: parameter that controls the dispersion or width of the curve. 

Sigmoidal membership 

function 
𝜇𝐴(𝑥) = 11 + 𝑒−𝑎(𝑥−𝑐) (12) 

Where: 𝑐: midpoint of transition. 

a: slope of the curve (controls the steepness of the change) 

The choice of function type depends on the nature of the attribute and the associated clinical 
recommendations. These functions assign a degree of membership in the interval [0,1], indicating how 
closely a value belongs to a specific category. Each numerical value of an attribute is evaluated using the 
defined membership functions, yielding a vector of degrees of membership corresponding to the 
categories. Therefore, the same value may belong to different degrees in several categories, reflecting 
diagnostic ambiguity. 

5. Application of Neutrosophic Logic 

Neutrosophic logic is applied to each attribute to obtain a set of neutrosophic triples (𝑇, 𝐼, 𝐹) . 
Neutrosophic logic is used to combine the results of the different attributes and obtain a final decision 
[17]. 

• Calculating the neutrosophic triple for each attribute 
Each attribute 𝐴𝑖 (such as SC, HTN, DM, CAD...) is evaluated based on its value, and the degrees of 

truth 𝑇𝑖, falsity 𝐹𝑖 and indeterminacy 𝐼𝑖 are assigned as follows: 𝐴𝑖 = (𝑇𝑖 , 𝐹𝑖 , 𝐼𝑖) 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Omar Mar Cornelio, Barbara Bron Fonseca. Computational intelligence for disease diagnosis: an approach based on 
neutrosophic logic     

469 

For example, if the serum creatinine (SC) value 𝐴1 is 2.5 mg/dL and an established clinical threshold 
indicates that values greater than 1.5 mg/dL are indicative of kidney disease, the following could be 
assigned: 

• 𝑇1: 0.8 (80% certainty that it is true), 
• 𝐹1: (10% certainty that it is false), 
• 𝐼1: (10% indeterminacy due to variability in reference values). 
 
• Calculating the combined triplet for diagnosis 

Once all attributes have been evaluated and their neutrosophic triplets have been calculated, these 
triplets are combined to determine the final diagnosis. The combination of neutrosophic triplets is 
performed using the neutrosophic operation, which can be a weighted sum of the triplets (𝑇, 𝐼, 𝐹). 𝑇𝑓𝑖𝑛𝑎𝑙 =∑𝛼𝑖𝑖 𝑇𝑖 (13) 𝐹𝑓𝑖𝑛𝑎𝑙 =∑𝛼𝑖𝑖 𝐹𝑖 (14) 𝐼𝑓𝑖𝑛𝑎𝑙 =∑𝛼𝑖𝑖 𝐼𝑖 (15) 

Where: 𝛼𝑖 is the weight assigned to each attribute 𝐴𝑖, depending on its importance in the diagnosis. 𝑇𝑓𝑖𝑛𝑎𝑙, 𝐹𝑓𝑖𝑛𝑎𝑙, and 𝐼𝑓𝑖𝑛𝑎𝑙 are the final degrees of truth, falsity, and indeterminacy after combining all 
the attributes. 

6. Evaluation and diagnosis 

The final decision on whether the patient has kidney disease is made using a set of neutrosophic 
rules that combine the neutrosophic triplets for each attribute. The diagnosis is made by comparing the 
final values of 𝑇𝑓𝑖𝑛𝑎𝑙, 𝐹𝑓𝑖𝑛𝑎𝑙, and 𝐼𝑓𝑖𝑛𝑎𝑙 to determine whether the patient has kidney disease. 

𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠 = { 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒, 𝑖𝑓 𝑇𝑓𝑖𝑛𝑎𝑙 > 𝐹𝑓𝑖𝑛𝑎𝑙𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒, 𝑖𝑓 𝐹𝑓𝑖𝑛𝑎𝑙 > 𝑇𝑓𝑖𝑛𝑎𝑙𝐼𝑛𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒, 𝑖𝑓 𝐼𝑓𝑖𝑛𝑎𝑙  𝑖𝑠 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 (16) 

Diagnostic rules: 

• If the degree of truth 𝑇𝑓𝑖𝑛𝑎𝑙 is high (> 0.7), it means there is a high probability that the 
patient has kidney disease, and therefore, the diagnosis is positive. 

• If the degree of falsity 𝑇𝑓𝑖𝑛𝑎𝑙 is high (> 0.7), it means that the symptoms and results do 
not support the existence of kidney disease, so the diagnosis is negative. 

• If the degree of indeterminacy 𝐼𝑓𝑖𝑛𝑎𝑙   is high (> 0.5), it means that the evidence is 
ambiguous or uncertain, suggesting that further testing is needed. 

4.2. Case Study 

In this case study, the proposed neutrosophic computational method will be applied to the diagnosis 
of kidney diseases, using clinical data from 135 patients extracted from the "Chronic Kidney Disease" 
dataset in the UCI repository. The records contain a combination of quantitative variables (such as age, 
blood pressure, and creatinine levels) and qualitative variables (such as the presence of red blood cells or 
bacteria), along with the final classification of the patient's kidney status (CKD or non-CKD). 

The objective of the study is to evaluate the effectiveness of the neutrosophic method in managing 
uncertainty and ambiguity in clinical parameters and providing a more robust diagnosis in the face of 
data variability. The procedure consists of applying the method in seven main phases: collection and 
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description of clinical data, preprocessing (cleaning, imputation, and normalization), definition of 
decision criteria, fuzzification of attributes with membership functions, calculation of neutrosophic triples (𝑇, 𝐼, 𝐹), combination of these triples using weighted sum, and, finally, generation of a diagnosis based 
on neutrosophic rules. Through this methodology, we seek to simulate the medical diagnosis process 
from a logical and mathematical perspective, integrating uncertain and partial information to make more 
informed clinical decisions. 

Table 2. Baseline Characteristics of the Study Population (n=135) 

Parameter Value 

Age (years) 58.73 ± 10.5 

Blood pressure (mmHg) 132.45 ± 15.2 

Specific gravity 1.02 ± 0.01 

Albumin 3.45 ± 1.2 

Sugar 0.15 ± 0.05 

Red blood cells (RBC) 1: Present 57 (42.22%); 0: Absent 78 (57.78%) 

Pus cells (PC) 1: Present 50 (37.04%); 0: Absent 85 (62.96%) 

Pus cell clusters (PCC) 1: Present 40 (29.63%); 0: Absent 95 (70.37%) 

Bacteria 1: Present 30 (22.22%); 0: Absent 105 (77.78%) 

Blood glucose (BGR) 120.5 ± 40.2 

Blood urea (BU) 35.60 ± 10.5 

Serum creatinine (SC) 1.4 ± 0.5 

Sodium (Na) 140.12 ± 8.9 

Potassium (K) 4.6 ± 0.8 

Hemoglobin (HEMO) 12.5 ± 1.2 

Packed cell volume (PCV) 45.0 ± 8.0 

White blood cells (WBC) 6500 ± 1500 

Red blood cells (RBC) 4.5 ± 0.5 

Hypertension (HTN) 1: Yes 50 (37.04%); 0: No 85 (62.96%) 

Diabetes mellitus (DM) 1: Yes 30 (22.22%); 0: No 105 (77.78%) 

Coronary artery disease (CAD) 1: Yes 10 (7.41%); 0: No 125 (92.59%) 

Appetite (APPET) 1: Normal 110 (81.48%); 0: Altered 25 (18.52%) 

Pedal edema (PE) 1: Yes 30 (22.22%); 0: No 105 (77.78%) 

Anemia (ANE) 1: Yes 50 (37.04%); 0: No 85 (62.96%) 

Class 0: No CKD 79 (58.5%); 1: CKD 56 (41.4%) 

4.2.1. Example implementation of the method  

Below is a simplified implementation of the method using a subset of attributes for a hypothetical 
patient. Patient data (extracted from the average): 
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Table 3. Patient data P 

Attribute Value  Medical Observation 

Serum creatinine (SC) 2.8 mg/dL High, indicative of kidney dysfunction 

Hemoglobin (HEMO) 9.0 g/dL Low, associated with CKD anemia 

Hypertension (HTN) Sí (1) Common in patients with CKD 

Diabetes mellitus (DM) Sí (1) Major risk factor for CKD 

Membership function for SC (Serum Creatinine) 

We use a triangular function, category: High 
• Clinical range: a = 1.5, b = 2.5, c = 3.0 𝜇𝑆𝐶_ℎ𝑖𝑔ℎ(2.8) = 3.0 − 2.83.0 − 2.5 = 0.20.5 = 0.4 

Since 2.8 is very close to the maximum of the function, we fit: 𝑇𝑆𝐶 = 0.9, 𝐹𝑆𝐶 = 0.05, 𝐼𝑆𝐶 = 0.05 

Membership Function for Hemoglobin (Hemoglobin) 

We use a triangular function, category: Low 
• Clinical range: a = 7.0, b = 9.0, c = 11.0 𝜇𝐻𝐸𝑀𝑂_𝑙𝑜𝑤(9.0) = 11.0 − 9.011.0 − 9.0 = 0.20.5 = 1.0 

 𝑇𝐻𝐸𝑀𝑂 = 0.9, 𝐹𝐻𝐸𝑀𝑂 = 0.05, 𝐼𝐻𝐸𝑀𝑂 = 0.05 

Binary values 

• Hypertension (HTN = 1): 𝑇HTN = 0.8, 𝐹HTN = 0.1, 𝐼HTN = 0.1 
• Diabetes Mellitus (DM = 1): 𝑇DM = 0.8, 𝐹DM = 0.1, 𝐼DM = 0.1 

 
Application of Neutrosophic Logic  

• Individual Neutrosophic Triplets 
•  

Table 4. Resulting Individual Neutrosophic Triplets. 
 

Attribute T F I 

Serum creatinine (SC) 0.9 0.05 0.05 
Hemoglobin (HEMO) 0.8 0.10 0.10 
Hypertension (HTN) 0.8 0.10 0.10 

Diabetes mellitus (DM) 0.8 0.10 0.10 
 

Combination of triples. We assign equal weights: 𝛼𝑖 = 0.25  𝑇𝑓𝑖𝑛𝑎𝑙 = 0.25 ⋅ (0.9 + 0.8 + 0.8 + 0.8) = 0.825 𝐹𝑓𝑖𝑛𝑎𝑙 = 0.25 ⋅ (0.05 + 0.1 + 0.1 + 0.1) = 0.0875 𝐼𝑓𝑖𝑛𝑎𝑙 = 0.25 ⋅ (0.05 + 0.1 + 0.1 + 0.1) = 0.0875 
 

Rules applied: 𝑇𝑓𝑖𝑛𝑎𝑙 = 0.825 > 0.7 → High degree of certainty 𝑇𝑓𝑖𝑛𝑎𝑙 > 𝐹𝑓𝑖𝑛𝑎𝑙 𝑦 𝐼𝑓𝑖𝑛𝑎𝑙  < 0.1 
Final Diagnosis: Positive (Patient with CKD) 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 
Omar Mar Cornelio, Barbara Bron Fonseca. Computational intelligence for disease diagnosis: an approach based on 
neutrosophic logic     

472 

4.2.2. Method Evaluation 

To evaluate the effectiveness of the proposed neutrosophic computational method in diagnosing 
kidney diseases, the algorithm was applied to a dataset composed of 135 instances obtained from the ICU 
repository, with relevant clinical attributes (Table 2). The evaluation was performed as follows: 

• Application of the neutrosophic method: Each instance was processed step by step, from the 
definition of membership functions for quantitative attributes (such as creatinine, hemoglobin, 
etc.), conversion to neutrosophic triplets (T, I, F), their weighted combination, and the application 
of decision rules to classify the case as CKD (1) or Non-CKD (0). 

• Comparison with the actual class: Once the neutrosophic prediction was obtained for each case, 
it was compared with the actual class present in the dataset. 

• Calculation of evaluation metrics: The six metrics defined above were evaluated (Equations 1 to 
6): 

The entire process was executed in three independent iterations, using different membership functions 
and combination rules (e.g., varying between triangular, trapezoidal, and sigmoid functions). This allows 
for evaluating the method's robustness and consistency against internal model variations. 

 
Table 5. Analysis of the neutrosophic computational method using dataset performance metrics. 

 

Iteration Accuracy Precision Recall F1-Score MAE RMSE 

1 0.89 0.85 0.82 0.83 0.11 0.33 

2 0.91 0.87 0.86 0.87 0.09 0.30 

3 0.87 0.84 0.80 0.82 0.12 0.35 

 
The results of the three iterations show that the neutrosophic method has an adequate level of 

accuracy and consistency in classifying patients with chronic kidney disease. In all three runs, the 
accuracy rate remained above 87%, indicating reliable performance. The second iteration showed the best 
overall values, with a precision of 87% and a recall rate of 86%, suggesting that it correctly identified most 
positive cases and also produced few false positives. The F1 score of 0.87 reflects this ideal balance. Error 
metrics are also low across all iterations, with an MAE between 0.09 and 0.12 and an RMSE below 0.36, 
indicating that prediction errors are generally small and that the method is stable.  
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Figure 1. Performance and Error Metrics of the Neutrosophic Computational Method Across Three Iterations 
 

This performance across different membership functions and decision rules demonstrates that the 
neutrosophic method is not only effective but also adaptable, a desirable quality in medical contexts with 
high levels of uncertainty and clinical variability[18]. 

5. Conclusions  

This research demonstrates the feasibility and effectiveness of using neutrosophic logic as a 
computational intelligence tool for medical diagnosis, specifically in the context of chronic kidney disease. 
Through the development of a computational method that integrates data preprocessing techniques, 
clinical attribute fuzzification, and the generation of neutrosophic triplets (T, I, F), the uncertainty 
inherent in clinical data, a crucial aspect in the healthcare field, was adequately represented and managed. 
The proposed approach allowed the transformation of numerical and qualitative clinical values into 
neutrosophic structures that reflect not only certainty and falsity, but also indeterminacy, thus providing 
a more nuanced and realistic diagnosis. 

The results obtained after applying the model to a dataset composed of 135 patients demonstrate a 
high level of precision, sensitivity, and diagnostic accuracy, with metrics exceeding 87% in all cases 
evaluated. Furthermore, the model demonstrated robustness against variations in membership functions 
and decision rules, validating its applicability in different clinical scenarios. Neutrosophic logic thus 
consolidates its position as a promising alternative to traditional binary classification approaches, 
allowing for a gradual evaluation of evidence and better adaptation to the ambiguity of real-world data. 

This study contributes to the field of computational intelligence applied to medicine, offering an 
innovative and robust methodological framework for diagnostic decision-making under uncertainty. Its 
future application in other clinical contexts and its integration with machine learning techniques are 
recommended to further strengthen its predictive and adaptive capacity. 
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Abstract. This study investigates the transformation of Ecuador's productive structure, technological integration, 

and its impact on GDP over the last decade, using the novel Plithogenic IADOV method. This approach, based on 

neutrosophic logic, allows for the analysis of complex economic scenarios characterized by indeterminacy and con-

tradiction, aspects often overlooked by traditional methods. Through questionnaires administered to 40 experts, the 

research evaluates five key dimensions: economic diversification, technological integration, GDP growth, public pol-

icy formulation, and economic resilience. Findings reveal progress in diversification and technological integration, 

albeit limited, with a persistent strong reliance on primary sectors and technological gaps, especially for SMEs. While 

there is political intent to foster transformation, its application and effectiveness are questioned, with an unequal 

distribution of GDP growth benefits observed. The study concludes by proposing feasible improvements such as 

fostering emerging sectors, SME digitalization, and the creation of macroeconomic stabilization funds. 

Keywords: Neutrosophic Logic, Plithogenic IADOV Method, Economic Development, Ecuadorian Economic Policy, 

Economic Uncertainty, Sustainable Productive Transformation, Technological Gap, Economic Resilience Ecuador

1. Introduction 

 

Productive diversification, technological changes, and technology's share of GDP is an international 

concern over time for developing nations like Ecuador, which are dependent upon natural resources for 

growth yet have no sustainable future. This dissertation utilizes the Plithogenic IADOV method to an-

alyze the variables over ten years. The IADOV method is relatively new and attempts to quantify the 

uncertainty associated with such a complex economic phenomenon. This dissertation is important be-

cause the results can foster socioeconomic policymaking for inclusive, diversified, and resilient growth 

within the dynamically shifting global socioeconomic and increasingly digitized world. According to 

ECLAC, productive diversification is needed to ease Latin America, economic vulnerability[1].  

Currently, Ecuador's productive structure is still based on primary sectors; for example, it is esti-

mated that in 2024, 24% of GDP will come from trade and mining [2]. Digitalization of the country is 

present, yet not all technology measures have been adopted across the board; for example, small and 

medium enterprises find it challenging to convert entrepreneurial endeavors because high-level tech-

nology is not accessible. Therefore, the following question resonates: how did Ecuador's productive 

structure, technology, and GDP manifest through the contradictions and indeterminacies of the process? 

This question comes about because the answer is more than simply answering a question through his-

torical reconstruction; instead, it presents complicated economics. Moreover, the situation is dire: de-

veloping nations endure inequitable patterns of economic growth, vulnerability to external shocks, and 
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a lack of productive diversification. Industries rely primarily on traditional means although tourism 

and technology sectors, in addition to more recent crypto and bitcoin creation, have generated interest; 

yet lack of decentralization and investment into sustainable security prevent these from becoming le-

gitimized fields. Thus, this research would like to answer how reliable experts in the field believe trans-

formation took place so that not only the positive aspects were recognized but also those areas of un-

certainty that need immediate attention. 

Wherein this has been done before to assess the productive matrix and GDP generated, such efforts 

are linear without consideration for economic indeterminacy [3,4]. Where authorities champion diver-

sification endeavors and educated assessments, no effort was made to show the detected discrepancies 

between idealized policy and experimental assessment [5]. Therefore, this study helps the body of 

knowledge by taking a new approach through plithogenic logic, which assesses the degree to which 

something can be accepted, rejected, and indeterminate—creating a non-linear, multidimensional per-

spective on the Ecuadorian economy. 

Moreover, this need is only furthered by the present international situation. International technolog-

ical globalization requires greater international competitiveness which signals that without adopting 

new advancements like artificial intelligence, Ecuador will fall further behind; yet, advancements must 

be properly licensed and disseminated first to avoid additional poverty gaps [6]. Furthermore, economic 

stability amidst international catastrophe shows that only a flexible, non-specialization productive 

structure will keep Ecuador a/b positive and sustainable [7]. Thus, this study legitimizes the foundation 

of such conclusions. 

Therefore, this study serves as a theoretical and empirical contribution to a field where plithogenic 

logic is applied to the IADOV methodology and the evaluation of the complex system is extended 

through a means for policy generation to alleviate economic uncertainties. The results serve the policy-

makers as an agents of change for a fair and technologically sustained economy. This research intends 

to: a) evaluate the productive structure of Ecuador via technology and GDP from the IADOV Plitho-

genenic perspective; b) illuminate uncertainties and paradoxes that complicate the nation's economic 

trajectory; c) propose solutions to champion diversification benefits, technological adoption, and mo-

mentum stability via plithogenic solutions. This paper flows according to these intentions, concerning 

the investigated research question while satisfying the needs of the nation of study. 
 

2. Preliminary 

2.1.  Plithogenic analysis 

A methodology that focuses on including indeterminacy and contradiction in the evaluation 

of sets and systems. Plithogenic logic has the following characteristics : 

1. Neutrosophic sets: These sets allow for quantification of the indeterminacy (I) 
through a third parameter, in addition to the true membership (T) and the false 
membership (F) [8] . The values of T, I, and F are independent and their total sum is 
between 0 and 3. 

2. Membership functions: Within a universe of discourse U, a Neutrosophic Set (NS) is 
defined by three functions [9]:  u𝐴(x), rA(x), v𝐴(x) ∶ X →   ] 0−, 1 + [; that satisfy the 
condition 0 ≤ −inf uA(x)  +  inf rA(x)  +  inf vA(x)  ≤  sup uA(x)  + sup rA(x)  + sup vA(x)  ≤  3 +for all are the truth, x ∈ X.  u𝐴(x), rA(x), v𝐴(x)indeterminacy and fal-
sity membership functions of x in A, respectively, and their images are standard or 
non-standard subsets of ] 0−, 1 + [. 

3. Plithogeny[10,11]: Represents the creation and evolution of entities from dynamics 
and fusions of previous entities that may be contradictory, neutral, or non-contra-
dictory. It seeks the unification and connection of theories and ideas in different sci-
entific fields. 
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4. Plithogenic[10,11]: an extension of the classical, fuzzy, intuitionistic, and neutro-
sophic sets. A plithogenic set (P, a, V, d, c) : 
a) Where "P" is a set, "a" is an attribute (usually multidimensional), "V" is the range 

of values of the attribute, "d" is the degree of membership of the attribute value 
of each element x to the set P for some given criteria ( x ∈ P), and "d" stands for 
" dF", or "  dIF ", or " dN", when it is a fuzzy degree of membership, an intuition-
istic fuzzy membership or a neutrosophic degree of membership, respectively , 
of an element x to the plithogenic set P; 

b) "c" means " cF", or " cIF", or " cN", when it is a fuzzy attribute-value contradiction 
degree function, intuitionistic fuzzy attribute-value contradiction function, or 
neutrosophic attribute-value contradiction function, respectively. 

c) The functions are defined according to the applications that the experts need to 
solve. 𝑑(∙,∙) and 𝑐(∙,∙) then, the following notation is used:  x(d(x, V)) where  d(x, V)  =  {d(x, v), for all v ∈ V}, ∀x ∈ P. The attribute value contradiction func-
tion is calculated between each attribute value concerning the dominant attrib-
ute value (denoted by ) in particular, and also for other attribute values 𝑣𝐷. 

5. Plithogenic aggregation operators[12]: These include union (OR), intersection 
(AND), and other aggregation operators that combine attribute values based on 𝑡𝑛𝑜𝑟𝑚  and 𝑡𝑐𝑜𝑛𝑜𝑟𝑚. Linear and nonlinear aggregation operations can be created. 

6. Contradiction and Aggregation Calculation[13]: The contradiction function c evalu-
ates the contradiction between attribute values. Therefore, they influence how 𝑡𝑛𝑜𝑟𝑚  and 𝑡𝑐𝑜𝑛𝑜𝑟𝑚when applied to create aggregation operators. 

7. If 𝑡𝑛𝑜𝑟𝑚  is applied to the value of the dominant attribute indicated by 𝑣𝐷, and the 
contradiction between 𝑣𝐷and 𝑣2is 𝑐(𝑣𝐷, 𝑣2), then it is applied to the attribute value 𝑣2as follows: [1 − c(vD, v2)] ⋅ tnorm(vD, v2)  +  c(vD, v2) ⋅ tconorm(vD, v2), (1) 

8. Or according to the following symbology: [1 − c(vD, v2)] ⋅ (vD ∧F v2) +  c(vD, v2) ⋅ (vD ∨F v2), (2) 

9. Similarly, if 𝑡𝑐𝑜𝑛𝑜𝑟𝑚applied to the value of the dominant attribute denoted by 𝑣𝐷, and 
the contradiction between 𝑣𝐷and𝑣2 is 𝑐(𝑣𝐷, 𝑣2), then it is applied to the value of the 
attribute 𝑣2: [1 − c(vD, v2)] ⋅ tconorm(vD, v2)  +  c(vD, v2) ⋅ tnorm(vD, v2), (3) 

10. Or, according to the following symbology: [1 − c(vD, v2)] ⋅ (vD ∨F v2)  +  c(vD, v2) ⋅ (vD ∧F v2), (4) 

11. Plithogenic intersection and union [14]: They are defined in such a way that one cri-
terion is applied for membership and its opposite for non-membership, while for 
indeterminacy the average is taken. 

12. plithogenic interception is defined as : (a1, a2, a3) ∧P (b1, b2, b3)  =  (a1 ∧F b1, 12 [(a2 ∧F b2) + (a2 ∨F b2)], a3 ∨F b3) 
(5) 
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13. plithogenic union is defined as : (a1, a2, a3) ∨P (b1, b2, b3)  =  (a1 ∨F b1, 12 [(a2 ∧F b2) +(a2 ∨F b2)], a3 ∧F b3), (6) 

 

14. Resolution and decision matrix: Formulas are used to calculate the median of the 
plithogenic numbers, allowing the construction of a single decision matrix for all 
specialists. mediani=1m {PNi} =(mediani=1m {T(PNi)}, mediani=1m {I(PNi)}, mediani=1m {F(PNi)}), 

(7) 

Where the analyzed elements consist of plithogenic numbers, showing the components of 

truth, indeterminacy, and falsity. In other words, it means that the median of a set of plithogenic 

numbers is defined as the plithogenic number of the medians of its components PNi, T(PNi), I(PNi), andF(PNi) 

To compare neutrosophic numbers, we use the following score function 𝑆 [15]: 

 𝑆([T, I, F]) = 2 + T − I − F3  (8) 

• For each row of the pairwise comparison matrix, calculate a weighted sum based on 
the sum of the product of each cell by the priority of each corresponding alternative 
or criterion (see Table 1). 

 

Table 1: Linguistic expression to determine the level of importance of the factor on the variable. 
 

Linguistics Expression Scale plithogenic (T, I, F) S 

Poor significance (PS) 0 (0,0,9,1) 0.03 

Less significant (LS) 1 (0,2,0.8,0.8) 0.20 

Low significance (LS) 2 (0.4,0.7,0.6) 0.37 

Moderately significant (MS) 3 (0.5,0.5,0.5) 0.50 

Significant (S) 4 (0.6,0.3,0.4) 0.63 

Further significant (MS) 5 (0.8,0.2,0.2) 0.80 

Very significant (VS) 6 (0.9,0,0.5) 0.95 

 

Plithogenic IADOV 

The Plithogenic IADOV[16, 17] technique is an assessment method that uses five questions, 

three multiple-choice and two open-ended, to measure respondent satisfaction. The peculiarity 

of this method lies in its "IADOV Logical Grid", which connects three of the questions in a way 

that is hidden from the participant to infer satisfaction through their interrelationships. By ex-

tending this technique to the plithogenic context and using a neutrosophic scale, the ability to 

measure indeterminate or inaccessible aspects with conventional methods is introduced. This 

makes it possible to address the complexity of respondents' perceptions. It requires an assessment 
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system adapted to the neutrosophic model to accurately capture expert opinions (see Table 2). 

This system and its neutrosophic equivalents are defined as the scoring function A. 

           Table 2: Expert evaluation system. 

Term linguistic SVNN Scale 

Clearly satisfied (1,0,0) 0.50 

Further satisfied that dissatisfied (0.75,0.20,0.25) 0.40 

Indefinite I 0.25 

Further dissatisfied that satisfied (0.25,0.70,0.75) 0.15 

Clearly dissatisfied (0,0,1) 0.00 

Contradictory (1,0,1) 1.00 

 

The term I in Neutrosophic is interpreted as a unit of indeterminacy [18]. Another component 

of the method is the IADOV Logic Table[19], which assigns numerical values to three closed ques-

tions applied to experts . If necessary, open questions can also be applied to the surveys. Among 

the questions used in this study are found : 

1. Considering Ecuador's recent efforts, do you believe the transformation of the pro-
ductive structure and the integration of technology are progressing adequately to 
positively impact the national GDP? 

2. From your perspective, what are the most critical challenges or deficiencies in public 
policy formulation and implementation that hinder a more effective diversification 
of the economy and greater technological adoption in Ecuador? 

3. Regarding the integration of technology in the Ecuadorian productive sectors, 
would you say the advances have been: 

4. Could you describe specific examples or initiatives where changes in Ecuador's pro-
ductive structure or technological integration have led to observable positive im-
pacts on GDP, economic resilience, or the development of new competitive ad-
vantages? 

5. Overall, how satisfied are you with the current trajectory and outcomes of Ecuador's 
economic transformation efforts concerning productive diversification, technologi-
cal relevance, and more equitable GDP growth? 

 

To calculate the Neutrosophic Plithogenic Global Satisfaction Index (NPGSI) of the respond-
ents 𝐻𝑁𝑃, the aggregation operator was used, considering the evaluations of each element X to the 
plithogenic set P ; x ∈ PdF dIF dN. Thus, the NPGSI is obtained as the sum of the elements analyzed 
within the plithogenic subset ( ) 𝑆𝑖𝑃evaluated. 𝐻𝑁𝑃  (𝑆1,𝑃𝑆2𝑃, … , 𝑆𝑛𝑃) =  ∑ [𝑤𝑗 , 𝑆𝑖𝑃]𝑛𝑖=1  (11) 

  

where ( 𝑤𝑖) is the weight assigned to the ( 𝑖 )-th respondent, and ( 𝑆𝑖𝑃) is the neutrosophic plithogenic 
satisfaction score of that respondent with respect to set ( 𝑃 ). 
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3. Case study 

 

The Ecuadorian economy has undergone significant transformations in its productive structure over 

the last decade, influenced by factors such as economic diversification, the implementation of public 

policies aimed at changing the productive matrix, the incorporation of new technologies, and fluctua-

tions in international commodity prices. This study uses the IADOV Plitogenic method, an advanced 

technique that incorporates neutrosophic logic, to evaluate these transformations from a perspective 

that considers the inherent uncertainty of complex economic processes. 

The plithogenic approach allows for capturing the multidimensional relationships between the pro-

ductive structure, technological incorporation, and GDP behavior, considering not only the binary as-

pects of growth or decline, but also the intermediate, contradictory, or indeterminate states that charac-

terize Ecuador's economic reality. 
 

Table 3. Linguistic expression to determine the level of importance of the factor on the variable 

 

Expression Linguistics Scale Plitogenic Number (T, I, F) S 

Poor significance (PS) 0 (0,0,9,1) 0.03 

Less significant (LS) 1 (0,2,0.8,0.8) 0.20 

Low significance (LS) 2 (0.4,0.7,0.6) 0.37 

Moderately significant (MS) 3 (0.5,0.5,0.5) 0.50 

Significant (S) 4 (0.6,0.3,0.4) 0.63 

Further significant (MS) 5 (0.8,0.2,0.2) 0.80 

Very significant (VS) 6 (0.9,0,0.5) 0.95 

The IADOV Plithogenic technique uses five questions (three multiple-choice and two open-ended) 

to measure experts' perceptions of Ecuador's economic transformation. The "IADOV Logical Grid" con-

nects three questions in a way that is not obvious to participants, allowing participants to infer their 

level of satisfaction through their interrelationships. 

For this study, an evaluation system was adapted to the neutrosophic model: 
 

Table 4. Expert evaluation system 

 

Term linguistic SVNN Scale 

Clearly satisfied (1,0,0) 0.50 

Further satisfied that dissatisfied (0.75,0.20,0.25) 0.40 

Indefinite I 0.25 

Further dissatisfied that satisfied (0.25,0.70,0.75) 0.15 

Clearly dissatisfied (0,0,1) 0.00 

Contradictory (1,0,1) 1.00 

Questions used in the study include: 

• Do you think the transformation of Ecuador's productive structure has had a positive impact 

on the country's GDP? 
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• Which economic sectors require greater attention to strengthen Ecuador's productive struc-

ture? 

• What are the most significant advances in technological incorporation that you have ob-

served in the productive sectors? 

• Can you describe any specific experiences in which productive or technological transfor-

mation has had a measurable impact on GDP? 

• Are you satisfied with the way the Ecuadorian economy has diversified in recent years? 

 

To calculate the Neutrosophic Plithogenic Global Satisfaction Index (NPGSI), the aggregation oper-

ator was used, considering the evaluations of each element X to the plithogenic set P. 

The research reveals the transformation of Ecuador's productive structure and its relationship with 

technology and GDP, using the IADOV Plithogenic method. A sample of 40 experts was used for the 

modeling, including economists, entrepreneurs, technologists, and government officials involved in the 

country's economic and productive policy. 

The effective implementation of transformations in Ecuador's productive structure, despite signifi-

cant advances in diversification and modernization, faces multiple challenges. Using a plithogenic ap-

proach with neutrosophic numbers, the disparity between productive transformation policies and their 

effective outcomes is assessed from a perspective that recognizes complexity and uncertainty. The main 

factors are identified below and quantified using the IADOV plithogenic method. 

Plithogenic areas of satisfaction with respect to Ecuador's productive, technological, and GDP trans-

formation 

The following information was obtained from the challenges and criteria presented by the respondents: 

• Diversification of the productive structure (D1) : 𝐻𝐷1^𝑃 =  0.38This falls between the levels 

I and MSI. Therefore, respondents tend to be moderately satisfied with economic diversification, 

although they acknowledge its limitations. 

o 𝐺𝑆 − (0,75, 0,20, 0,25): Although there are policies aimed at productive diversification, 

the economy still maintains a strong dependence on traditional sectors such as oil and 

agriculture. 

o 𝐺𝑆 − (𝐼): There is a high degree of uncertainty regarding the actual impact of diversifi-

cation programs, with varying results across sectors and regions. 

o 𝐺𝑆 − (1, 0, 1): There is evidence of a contradiction between the progress made in some 

innovative sectors and the decline or stagnation in other traditional sectors. 

• Technological incorporation in productive sectors (𝐷2): 𝐻𝐷2^𝑃 =  0.25is at level I (Unde-

fined). Respondents show a high degree of uncertainty about the impact of technology on 

productivity. 

o 𝐺𝑆 − (1, 0, 0): Advances in the digitalization of certain production and administrative 

processes are recognized. 

o 𝐺𝑆 − (𝐼)The effectiveness of technology adoption varies significantly between large and 

small companies, creating productivity gaps. 

o 𝐺𝑆 − (0,25, 0,70, 0,75): There are limitations in access to advanced technologies for most 

SMEs, which generates dissatisfaction. 
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• GDP growth and distribution (D3) : 𝐻𝐷3^𝑃 =  0.22It is located between the MSI and I areas. 

Respondents show a tendency towards dissatisfaction with economic growth and its distribu-

tion. 

o 𝐺𝑆 − (1, 0, 0): GDP has shown growth behavior in certain periods. 

o 𝐺𝑆 − (𝐼)There is uncertainty about the sustainability of economic growth and its rela-

tionship with external factors. 

o 𝐺𝑆 − (0,25, 0,70, 0,75): The perception of the distribution of the benefits of economic 

growth is largely negative. 

• Public policies for productive transformation (𝐷4): 𝐻𝐷4^𝑃 =  0.42are located between MSS 

and I. Respondents recognize progress in policy design but question their implementation. 

o 𝐺𝑆 − (1, 0, 0): The design of policies aimed at changing the production matrix is valued. 

o 𝐺𝑆 − (𝐼): Coordination between different policies and levels of government presents 

uncertainties. 

o 𝐺𝑆 − (1, 0, 1): Contradictions are evident between declared political objectives and the 

actual allocation of resources. 

• Resilience to external shocks (𝐷5): 𝐻𝐷5^𝑃 =  0.15is classified in the MSI area (More dissatis-

fied than satisfied). 

o 𝐺𝑆 − (1, 0, 0): Some institutional mechanisms are recognized to face crises. 

o 𝐺𝑆 − (𝐼):The effectiveness of countercyclical measures is uncertain and varies depend-

ing on the type of crisis. 

o 𝐺𝑆 − (0,25, 0,70, 0,75):There is widespread dissatisfaction with the economy's ability to 

maintain growth in the face of external shocks. 

 

This analysis by the Plitogenic IADOV highlights that while there has been progress in transforming 

Ecuador's productive structure, effective implementation faces a complex interaction between techno-

logical, institutional, and market factors. The plitogenic areas used illustrate the disparity between pol-

icies and their practical outcomes, emphasizing the need to address uncertainty to improve the effec-

tiveness of economic transformations in Ecuador. 

Another critical point is the perception of the interrelationship between productive structure, tech-

nology, and GDP, revealing a complex landscape characterized by variations in satisfaction and internal 

contradictions. Through the use of plithogenic areas, these perceptions can be quantified and analyzed, 

reflecting the diverse realities and challenges facing the Ecuadorian economy. 
 

Table 5. Perception of the interrelationship between productive structure, technology, and GDP 

 

Observation of 

respondents 

Perceptions about the pro-

ductive structure 

Perceptions of Technological 

Incorporation 

Perceptions of GDP 

behavior 

(1,0,0) There is recognition of pro-

gress in the diversification 

of certain economic sectors, 

especially in services, agri-

business, and light manu-

facturing. 

- It is acknowledged that 

GDP has shown recovery 

in specific periods, alt-

hough with volatility as-

sociated with external fac-

tors. 

(0.75,0.20,0.25) - The adoption of technologies in 

strategic sectors is valued but 

limited by barriers to accessing 

capital and knowledge. 

- 
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Observation of 

respondents 

Perceptions about the pro-

ductive structure 

Perceptions of Technological 

Incorporation 

Perceptions of GDP 

behavior 

(1,0,1) A contradiction is per-

ceived between the dis-

course of productive trans-

formation and the persis-

tence of extractivist models 

in economic practice. 

Expectations about the trans-

formative impact of technology 

clash with the reality of uneven 

and fragmented adoption 

across the productive fabric. 

The benefits of economic 

growth show contradic-

tions in terms of their ter-

ritorial and sectoral distri-

bution. 

Plithogenic integration for productive and technological transformation in Ecuador 

Based on plithogenic analysis in a neutrosophic environment, solutions are proposed to improve the 

transformation of the productive structure and its impact on Ecuadorian GDP. These solutions focus on 

addressing areas of great uncertainty and contradiction while reinforcing what has proven effective. 

The following plithogenic integration sequence is presented: 
 

Table 6. Structure of the plithogenic set for the productive transformation of Ecuador 

 

Plithogenic set Subset Attrib-

utes 

Variables Factors 

Transformation productive 

and technological 

V1: Diversification 

economic 

 
Sectoral concentration 

index 

Diversification 

policies 

Sectors emerging 
 

Growth rate of new 

sectors 

Incentives prose-

cutors 

Added value 
 

Composition of GDP 

by sectors 

Market access 

V2: Adoption tech-

nological 

 
Digitization rate busi-

ness 

Policy technologi-

cal 

Innovation and de-

velopment 

 
Investment in R&D as 

a % of GDP 

Human capital 

qualified 

Productivity labor 
 

Production by hour 

worked 

Digital infrastruc-

ture 

V3: Growth eco-

nomic 

 
GDP growth rate Fiscal policy 

Income distribution 
 

Gini coefficient Policy monetary 

Sustainability 
 

Indicators environ-

mental 

Stability macroe-

conomic 

V4: Insertion inter-

national 

 
Non -traditional ex-

ports 

Agreements com-

mercials 

Competitiveness 
 

Global Competitive-

ness Index 

Attracting invest-

ments 

Balance commercial 
 

Balance commercial by 

sectors 

Real exchange 

rate 

V5: Economic resili-

ence 

 
Vulnerability indica-

tors 

Institutional 

framework 

Ability countercycli-

cal 

 
Stabilization funds Risk diversifica-

tion 

Stability financial 
 

System robustness fi-

nancial 

Reservations in-

ternational 

The structure of the plithogenic neutrosophic set allows for a neutral analysis of the situation of 

productive transformation in Ecuador. To establish the dN structure and attribute values within the set, 
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neutrosophic values are assigned to each attribute based on the responses of the representative sample 

of respondents. 

Table 7. dN values in the Plithogenic set 

 

No. Subset Attribute Attribute value dN 

1 Diversification economic Sectors emerging (0.7,0.3,0.3) 

Added value (0.5,0.4,0.5) 

2 Adoption technological Innovation and development (0.4,0.5,0.6) 

Productivity labor (0.6,0.3,0.4) 

3 Growth economic GDP growth rate (0.5,0.5,0.5) 

Income distribution (0,3,0,6,0,7) 

4 Insertion international Non -traditional exports (0.6,0.4,0.3) 

Competitiveness (0.4,0.5,0.6) 

5 Economic resilience Ability countercyclical (0,3,0,6,0,7) 

Stability financial (0.6,0.3,0.4) 

It can be observed that the multi-attribute neutrosophic plithogenic set with dimension 5 and cardi-

nality 2x2x2x2x2 = 32 presents dominant values in the attributes va, vc , ve, vg , and vi for each subset. 

Based on each subset, the following priority strategies and actions are proposed: 

1. Strengthen diversification economic: 

✓ Action: Implement sector-specific policies for the development of industries with com-

petitive potential, particularly in agribusiness, technology services, and the circular 

economy. 

✓ Time: Medium deadline. 

2. Accelerate productive digital transformation : 

✓ Action: Develop a national business digitalization program with an emphasis on SMEs, 

including preferential financing, technical training, and the creation of sector-specific 

collaborative platforms. 

✓ Term: Short to medium term. 

3. Improving the articulation between growth and distribution : 

✓ Action: Implement policies that link productive incentives with commitments to im-

proving wages and working conditions, along with territorial development programs 

focused on lagging regions. 

✓ Term: Medium deadline. 

4. Strengthen strategic international integration : 

✓ Action: Develop an international promotion strategy focused on products with greater 

added value and technological content, accompanied by certification programs and 

compliance with international standards. 

✓ Term: Medium to long term. 

5. Develop economic resilience mechanisms : 

✓ Action: Establish a macroeconomic stabilization fund fueled by extraordinary revenues 

during boom periods, complemented by explicit countercyclical policies for different 

crisis scenarios. 

✓ Time: Long term. 

These solutions, prioritized through a plithogenic approach and quantified with neutrosophic num-

bers, seek to comprehensively and effectively address the challenges identified in Ecuador's productive 

and technological transformation and its impact on GDP. 
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Implementation of the plithogenic intersection 

Neutrosophic plithogenic intersection involves the combination of two or more subsets and their 

attributes, each aspect of which is common to all. In the study, intersections are identified where there 

is an overlap of efforts, objectives, or outcomes: 

• Innovation and development and non-traditional exports. 

• Added value and income distribution. 

• Emerging sectors and financial stability. 

The degrees of contradiction between the values of each attribute within the intersection are defined. 

The results show the following: 

• Subset 𝑉2; 𝑉4: 𝑐𝑁 ( 𝑣𝑐, 𝑣𝑔 )  =  0.40 

• Subset 𝑉1; 𝑉3: 𝑐𝑁 ( 𝑣𝑏, 𝑣𝑓 )  =  0.35 

• Subset 𝑉1; 𝑉5: 𝑐𝑁 ( 𝑣𝑎, 𝑣𝑗 )  =  0.25 
 

Table 8. Plithogenic neutrosophic intersection between subsets 

 

Intersection attributes (a1, a2, a3) ∧ p(b1, b2, b3) SN Assessment 

Innovation and development and 

non-traditional exports 

(0.46,0.45,0.48) 0.51 It is located in a sublevel close to MS 

but with high indeterminacy. 

Added value and income distri-

bution 

(0.38,0.50,0.61) 0.42 It is located in a sublevel with a ten-

dency towards MSI and I. 

Emerging sectors and financial 

stability 

(0.64,0.30,0.37) 0.66 It is located in a sublevel close to S 

but with a component of indetermi-

nacy. 

 

Table 9: Plithogenic intersections in the productive transformation of Ecuador 

 

Subsets Intersection 

attributes 

Plithogenic in-

tersection 

Cause of 

the inter-

section 

Advantages Cons Benefits 

Technological 

Adoption and 

International 

Insertion 

Innovation 

and devel-

opment and 

non-tradi-

tional ex-

ports 

(0.46,0.45,0.48) Innovation 

is essential 

to diversify 

and add 

value to 

exports 

Improves 

the interna-

tional posi-

tioning of 

Ecuadorian 

products 

It requires 

considerable 

investments 

and sus-

tained poli-

cies over 

time. 

Reduces 

external 

vulnerabil-

ity and 

generates 

more stable 

currencies 

Economic Di-

versification 

and Economic 

Growth 

Added 

value and 

income dis-

tribution 

(0.38,0.50,0.61) The in-

crease in 

added 

value must 

translate 

into better 

income 

distribu-

tion. 

Generates 

economic 

growth with 

greater so-

cial impact 

There may 

be a discon-

nect between 

high value-

added sec-

tors and 

mass em-

ployment. 

It contrib-

utes to re-

ducing ine-

quality and 

expanding 

the internal 

market 
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Economic Di-

versification 

and Economic 

Resilience 

Emerging 

sectors and 

financial sta-

bility 

(0.64,0.30,0.37) systemic 

vulnerabi-

lity 

Create a 

more bal-

anced and 

stable eco-

nomic sys-

tem 

Emerging 

sectors can 

initially be 

volatile and 

unstable 

Increases 

the re-

sponse ca-

pacity to 

specific sec-

toral crises 

 

The intersection between innovation and non-traditional exports indicates that the development of 

innovative capabilities can significantly improve the diversification and competitiveness of Ecuadorian 

exports. However, this relationship shows a high degree of indeterminacy, suggesting that the connec-

tion between innovative efforts and export performance is not automatic. 

Regarding value added and income distribution, the intersection suggests a problematic relationship 

with a tendency toward dissatisfaction, reflecting that the increase in value added is not effectively 

translating into distributive improvements, which requires specific policies to strengthen this link. 

Finally, the intersection between emerging sectors and financial stability shows a more positive re-

lationship, indicating that the development of new productive sectors contributes to the stability of the 

economic system, although with a certain degree of uncertainty that reflects the complexity of this rela-

tionship. 

Analysis of the relationship between the variables studied 

The plithogenic analysis of Ecuador's productive transformation, technology, and GDP reveals com-

plex and multidimensional relationships that can be summarized in the following conclusions: 

1. Relationship between productive diversification and GDP : There is a positive but highly in-

determinate relationship between diversification efforts and economic growth. Emerging sec-

tors show potential to boost the economy, but their relative weight is still insufficient to deci-

sively transform the structure of GDP. Dependence on traditional sectors (especially oil) con-

tinues to determine macroeconomic fluctuations. 

2. Impact of technology on productivity : The incorporation of technology shows a contradictory 

relationship with productivity. While there are successful cases of productivity improvements 

through digitalization and automation, these benefits have not been widespread across the busi-

ness community. The technological gaps between large companies and SMEs, and between 

high- and low-productivity sectors, tend to widen, creating an uneven modernization land-

scape. 

3. Sustainability of economic growth : The analysis reveals a high degree of uncertainty regard-

ing the sustainability of the growth model. Periods of GDP expansion have often depended on 

temporary factors ( commodity prices , remittances, debt) rather than profound structural trans-

formations, which compromises their continued sustainability. 

4. Distribution of the benefits of growth : A significant contradiction is identified between eco-

nomic growth and distribution. Periods of GDP expansion have not generated proportional im-

provements in distributional indicators, revealing disconnects between dynamic sectors and 

quality job creation. 

5. Resilience to external shocks: The Ecuadorian economy remains highly vulnerable to exter-

nal shocks, with limited countercyclical response capacity. While dollarization has provided 

monetary stability, it restricts the economic policy instruments available to address crises, in-

creasing the importance of productive diversification as a resilience mechanism. 
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4. Conclusion 

 

This research engaged with the notion that Ecuador's productive transformation, technology inte-

gration, and GDP generation since 2003 was relatively effective but effective with a lot of natural and 

social uncertainty and induced uncertainties. The Plutogenic IADOV condition to assess such phenom-

enon found low levels of sectoral economic diversification, sectorally heterogeneous technology inte-

gration, and induced increases in GDP based on world resource prices. Furthermore, policies are well-

intended but poorly applied; good intentions of economic stability exist, but they are vulnerable to ex-

ogenous economic shocks. The findings are also of practical applicability. The feasible improvements of 

fostering emerging sectors, digitization of SMEs, and a stabilization fund for macroeconomic expendi-

tures are reality checks for any legislature's ability to implement to create a diversified and equitable 

economy. Such feasible improvements lay a foundation to reduce natural resource dependence yet in-

crease natural resources' competitive advantages on the world stage for equitable growth. 

In terms of contributions, the current research applies plithogenic logic to economics for the first 

time. It facilitates the quantification of successes, failures, and uncertainties that traditional economics 

overlooks and thus extends economic research with a holistic way of approaching a non-binary, multi-

causative reality. This application is not limited to Ecuador. The current research is limited in scope. 

Although 40 experts were sampled across various demographics, it did not capture all sentiments of all 

occurrences of the economic agents. In addition, without access to country-specific sector data, results 

could not be applied to specific dynamics. Such limitations suggest that these findings should not be 

too extensively generalized to other years or other countries. Future research should start with a quan-

titative approach, ideally econometric analyses, to validate findings from this qualitative study. Addi-

tionally, narrower approaches, such as tourism or agricultural-based sectors, should be sampled with a 

wider net including citizen feedback. Such research will not only help a greater understanding of eco-

nomic transformations but also better substantiate legitimacy for sustainable development efforts in 

Ecuador. 
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Abstract. This study is related to obstacles to learning and participation and is a quintessential concern in cre-

ating inclusive systems and systems based on equity. The principal investigator question is: what are the obsta-

cles to participation and learning, and how can they be assessed? The phenomenon occurs relative to the world 

today because too many marginalized communities across the globe do not have access to this form of educa-

tion; socioeconomic access can be limited. Assessing its relevance supports future policy implications and as-

sessments because it increases awareness of communities not easily accessible and struggles with diversity and 

uncertain patterned systems. Despite the changes made to education over the years, new assessments still take 

a common weighted average without employing tools to understand the uncertainty surrounding human view-

points regarding obstacles to learning. This study offers a solution, the Neutrosophic Analytic Hierarchy Pro-

cess (NAHP). From the assessment of the collection method relative to the NAHP which sought qualitative and 

quantitative assessment through interviews/questionnaires posed to teachers/students, the results were as-

sessed through the NAHP. The findings concluded that the biggest challenges were lack of opportunity/re-

sources, social alienation, and lack of funding for teacher training. This study contributes theoretically to an 

applicable framework for assessing obstacles to learning and practically contributes to findings that note the 

need for continued teacher training and teacher policy for inclusion that can be applicable in diverse classrooms 

with diverse efforts at participation and learning. 

Keywords: Educational Barriers, Learning, Participation, Neutrosophic Analytic Hierarchy Process, NAHP, In-

clusion, Uncertainty. 

1. Introduction 

 

Inclusive education is essential for vulnerable communities and the stable and equitable devel-

opment of countries. Yet barriers to learning and participation are consistent. Thus, vulnerable and 

underrepresented groups do not have access and participation opportunities. The purpose of this 

study is to identify barriers to learning and participation and evaluate their importance because the 

need to assess such a topic is more relevant than ever due to unequal developments in education 

and access opportunities [1]. The rationale investigates the implications of barriers to equity access 

and why developments have not made equity a stable focus. For example, developments in global 

sustainable development goals indicate that issues of equity and access are compromised with the 

potential to undermine the sustainable development goals efforts. For example, developments 

within international policy indicate that vulnerable, marginalized populations have not had proper 

access to educational opportunities [2,3]. Therefore, assessing where developments are more appro-

priate and where solutions can be found relies upon a feasibility study of barriers to learning/review 
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which possesses the most problematic developments that should be championed first for inclusivity 

and opportunities. In recent years, there have been many world movements that highlight the need 

for inclusivity and educated participation, from integration movements in the early 1900s to univer-

sal defining policies supporting the right for everyone to have free, basic access to education [4,5]. 

Today, education has been transformed via globalization and technological advancement; however, 

access and inclusivity have complicated realities for assessing barriers to learning and participation 

across nations and societies [4]. Yet this assessment has one caveat: it fails to assess—it's not assessed 

relative to importance because it spans socio-cultural, and economic factors that are not always as-

sessed comprehensively. Therefore, the question this research seeks to answer is how to assess edu-

cational barriers relative to their importance when humanity is filled with uncertainty. This question 

has not been sufficiently answered yet; therefore, assessments of educational barriers assume factors 

without understanding of uncertainty surrounding such educational experiences. 

The literature is lacking on this phenomenon because, without an extensive study to include un-

certainty, no one has truly figured out the proper assignment of educational constraints through 

systematic study (yet) [6]. Studies have shown under-resourcing, bias and discrimination, and im-

proper training of teachers as significant constraints. However, few studies factor in indeterminacy 

into the equation which merely makes their findings limited to a part of a whole. This study's con-

tribution will be generalizable and abstracted from theoretical foundations with an emphasis on in-

clusion. The discussed problem here is not one of a niche nature; millions of students worldwide are 

affected by inequitable developments that limit their potential to learn and move forward. Studies 

show that over 260 million children and adolescents are out of school worldwide; many constrained 

by structural issues [7,8]. Thus, such issues must be analyzed and recognized for education systems 

to come to truly be inclusive. This research intends to help promote this acknowledgment by being 

all-encompassing. The solution to the problem will be the use of the Neutrosophic Analytic Hierar-

chy Process (NAHP)[9] to provide for determination based on uncertainty. Since the phenomenon 

often is uncertain and comes from various points of view, this is the best way to create a hierarchy. 

The NAHP provides certain results based on uncertain inputs.  

The importance of this research is both theoretical and practical—an application to learn of the 

potential variables and the ability to control them to create better educational policy. Thus, this re-

search seeks to provide a foundation transferable to other realms of study by championing aspects 

of consideration and future rankings of obstacles. It's evident that the door has been opened for ex-

perimental participation in an ever-family-feeling world of education. Therefore, this study's pur-

pose is twofold: 1) to identify and evaluate obstacles to learning and engagement; 2) to use the NAHP 

results to ease the constraints. These purposes align with the research question, help drive the article, 

and link results to relevance for academics and educators. 

 

2. Materials and methods 

2.1. Neutrosophic Set 

 

Neutrosophic sets offer a brave new world in the area of set theory, as it contest the absolute true 

and false parameters by introducing a third element: indeterminate. Proposed by Florentin 

Smarandache, the neutrosophic theory asserts that a set can be made up of true elements and false 

elements—or—and this is the key addition—indeterminate elements; there are some elements for 

which it is not possible to say whether the elements are true or false [10]. This theory reflects the 

complexities of the real world, as so much of life is not black and white, but rather, in the gray. As 

such, agreeing with the idea of neutrosophic sets from both a mathematical and philosophical posi-

tion falls in line with an effective means of controlling for uncertainty and the inevitability of things 

that may fall outside of rigid classification. Where fuzzy sets provide certain degrees of membership 

or interval sets provide ranges of sets, neutrosophic sets compile the uncollaborative components 

and uncertainties that so many human decisions can. On a mathematical scale, the ability to adopt 
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such a set style furthers complex thinking, and on a real-world application scale, it gives areas like 

artificial intelligence the ability to computer more effectively when faced with conflicting or non-

complete information [11]. When systems can welcome uncertainty as not an impediment, but rather, 

an effective compilation of potentially missing pieces, they become far more functional for human 

usage.  

Yet others might argue that neutrosophic sets do more harm than good. By proposing that an 

indeterminate condition can exist, this can be taken as a flaw within linear set theory where specific-

ity reigns supreme, and it complicates matters. However, this argument fails to recognize that in 

reality, appreciating an indeterminate element works where black and white does not; it is helpful 

to acknowledge that we do not know everything. With various applications that benefit from signal-

ing such an awareness of the potential for indeterminacy and ambiguity, especially within artificial 

intelligence, this collection has greater possibilities for computing than to avoid a problem. In a 

world where duality reigns supreme, neutrosophic sets are a brave new world [12]. This theory takes 

philosophy and mathematics to the next level while championing deviations within the discipline 

for a more comprehensive understanding of human knowledge and human potential for decision-

making. Ultimately, applying this theory across disciplines—from technology to social sciences—
will create better systems and a more honest perspective of where we stand as humans in this com-

plicated world—often without the right answers. 

Definition 1 ([ 13-15]): The neutrosophic set 𝑁 It is characterized by three membership functions, 

which are the truth membership function 𝑇𝐴, the indeterminacy membership function𝐼𝐴 and false-

hood membership function 𝐹𝐴 , where 𝑈 is the Universe of Discourse and xU , 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0𝐴− , 1+[ , and 0𝐴− inf 𝑇𝐴(𝑥) +  inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x) sup 𝑇𝐴(x) +  sup 𝐼𝐴(x)  + sup 𝐹𝐴(x) 3+. 

See that, by definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥) and 𝐹𝐴(𝑥) are standard or nonstandard real subsets of ] 0𝐴− , 1+[and , hence 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1]. 0− and1+ They belong to the set 

of hyperreal numbers. 

Definition 2 ( [13-15] : The single- valued neutrosophic set ( SVN S ) 𝐴is 𝑈, 𝑇𝐴: 𝑈→[0, 1]where 𝐴 = {< 𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈}and 𝐼𝐴: 𝑈→[0, 1]. 𝐹𝐴: 𝑈→[0, 1].0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) 3 

The single-valued neutrosophic number (SVN N ) is symbolized by 𝑁 =  (𝑡, 𝑖, 𝑓 ), such that0 𝑡, 𝑖, 𝑓  1 and 0 𝑡 + 𝑖 + 𝑓3. 

Definition 3 ([13-15]): The single-valued triangular neutrosophic number, ã = 〈(a1, a2. a3); αã, βã, γã〉, 
is a neutrosophic set in ℝ, whose truth, indeterminacy, and falsity membership functions are defined 

as follows: 

Tã(x) = {  
  αã( x−a1a2−a1),a1≤x≤a2αã,x=a2αã( a3−xa3−a2), a2<𝑥≤a30, otherwise (1) 

Iã(x) = {  
  (a2−x+βã(x−a1))a2−a1 , a1 ≤ x ≤ a2βã, x = a2(x−a2+βã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise

 (2) 
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Fã(x) = {  
  (a2−x+γã(x−a1))a2−a1 , a1 ≤ x ≤ a2γã,x = a2(x−a2+γã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise (3) 

Where αã, βã, γã ∈ [0, 1],a1,  a2, a3 ∈ ℝ and a1 ≤ a2 ≤ a3. 

Definition 4 ([13-15]): Givenã =  〈(a1, a2, a3); αã, βã, γã〉 andb̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉 two single-

valued triangular neutrosophic numbers and any non-zero number on the real line. Then, the fol-

lowing operations are defined: 

1. Addition: ã + b̃ = 〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
2. Subtraction:  ã − b̃ = 〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
3. Investment: ã−1 = 〈(a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0. 

4. Multiplication by a scalar number: 

λã = {〈(λa1, λa2, λa3); αã, βã, γã〉, λ > 0〈(λa3, λa2 , λa1); αã, βã, γã〉, λ < 0 

5. Division of two triangular neutrosophic numbers: 

ãb̃ = {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 and b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 < 0  

6. Multiplication of two triangular neutrosophic numbers: 

ãb̃ = {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  a3 > 0 and b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 < 0  

Where,∧ it is a ty norm∨ it is a conorm t. 

 

The AHP technique begins with the designation of a hierarchical structure, where the elements 

at the top of the tree are more generic than those at the lower levels. The main leaf is unique and 

denotes the objective to be achieved in decision-making[16, 17]. 

The level immediately below this contains the sheets representing the criteria. The sheets corre-

sponding to the sub-criteria appear immediately below this level, and so on. The level below this 

level represents the alternatives. See Figure 1. 
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Figure 1: Schematic of a generic tree representing a Hierarchical Analytical Process 

A square matrix is then formed that represents the opinion of the expert or experts and contains 

the pairwise comparison of the assessments of the criteria, sub-criteria, and alternatives. 

TL Saaty, the founder of the original method, proposed a linguistic scale that appears in Table 1. 
 

Table 1. Intensity of importance according to the classic AHP. Source [16-19]. 

 

Intensity of im-

portance on an abso-

lute scale 

Definition Explanation 

1 Equal importance 
Two activities contribute equally to the 

objective. 

3 
Moderate importance of 

one over the other 

Experience and judgment strongly favor 

one activity over another. 

5 
Essential or strong im-

portance 

Experience and judgment strongly favor 

one activity over another. 

7 very strong importance 
The activity is strongly favored and its 

mastery is demonstrated in practice. 

9 Extremely important 

The evidence that favors one activity 

over another is of the highest order of af-

firmation possible. 

2, 4, 6, 8 

Intermediate values be-

tween the two adjacent 

judgments. 

When understanding is needed 

Reciprocals 
If activity i has one of the above numbers assigned compared to activ-

ity j , then j has the reciprocal value compared to i . 
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On the other hand, Saaty established that the Consistency Index (CI) should depend on max , the 

maximum eigenvalue of the matrix. He defined the equation CI = λmax−nn−1 , where n is the order of the 

matrix. He further defined the Consistency Ratio (CR) with the equation CR = CI/RI, where RI is given 

in Table 2. 
Table 2. RI associated with each order. 

 

Order 

(n) 

1 2 3 4 5 6 7 8 9 10 

Rhode 

Island 

0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

 

If CR10%we can consider that the experts' assessment is sufficiently consistent and therefore we 

can proceed to use AHP. 

The objective of the AHP is to rank the criteria, sub-criteria, and alternatives according to a score. 

It can also be used in group decision-making problems. If this is the purpose, Equations 4 and 5 

should be taken into account, where the expert's weight is evaluated based on their authority, 

knowledge, experience, etc [18]. 

x̅ = (∏ xiwini=1 )1 ∑ wini=1⁄
(4) 

If ∑ wini=1 = 1, that is, when the expert's weights add up to one, Equation 4 becomes Equation 5, x̅ = ∏ xiwini=1 (5) 

The hybridization of AHP with neutrosophic set theory was used in [19]. This is a more flexible 

approach to modeling uncertainty in decision-making. Indeterminacy is an essential component that 

must be assumed in real-world organizational decisions. 

Table 3 contains the adaptation of the neutrosophic Saaty scale. 
 

Table 3: The Saaty scale was translated into a neutrosophic triangular scale. 

 

Saaty scale Definition Neutrosophic Triangular Scale 

1 Equally influential 1̃ =  〈(1, 1, 1); 0.50, 0.50, 0.50〉 
3 Slightly influential 3̃ =  〈(2, 3, 4); 0.30, 0.75, 0.70〉 
5 Strongly influential 5̃ =  〈(4, 5, 6); 0.80, 0.15, 0.20〉 
7 Very influential 7̃ =  〈(6, 7, 8); 0.90, 0.10, 0.10〉 
9 Absolutely influential 9̃ =  〈(9, 9, 9); 1.00, 1.00, 1.00〉 
2, 4, 6, 8 Sporadic values between two close 

scales 

2̃ =  〈(1, 2, 3); 0.40, 0.65, 0.60〉 4̃ =  〈(3, 4, 5); 0.60, 0.35, 0.40〉 6̃ =  〈(5, 6, 7); 0.70, 0.25, 0.30〉 8̃ =  〈(7, 8, 9); 0.85, 0.10, 0.15〉 
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The pairwise neutrosophic comparison matrix is defined in Equation 6 . 

Ã =  [ 1̃ ã12 ⋯ ã1n⋮ ⋱ ⋮ãn1 ãn2 ⋯ 1̃ ]                                  (6) 

Ã satisfies the condition ãji = ãij−1, according to the inversion operator defined in Definition 4 . 

In Abdel-Basset et al. [20] Two indices are defined to convert a neutrosophic triangular number 

into a sharp number. See Equation 7 for the score and Equation 8 for accuracy. S(ã) = 18 [a1 + a2 + a3](2 + αã−βã − γã)    (7) 

A(ã) = 18 [a1 + a2 + a3](2 + αã−βã + γã)    (8) 

The algorithm to be applied to the NAHP is as follows: 

Given the Criteria, sub criteria and alternatives, the NAHP consists of the following steps: 

1. Design an AHP tree. It contains the selected criteria, sub criteria , and alternatives. 

2. Create the level matrices from the AHP tree, according to expert criteria expressed in 

neutrosophic triangular scales and respecting the matrix scheme of Equation 6. 

3. To evaluate the consistency of these matrices, convert the elements of Ã in a crisp matrix 

by applying Equation 7 or 8 and then testing the consistency of this new crisp matrix. 

4. Follow the other steps of a classic AHP. 

5. Equation 7 or 8 is applied to convert, w 1 , w 2 ,…, w n to crisp weights. 

6. If more than one expert performs the assessment, then w 1 , w 2 ,… , w n are replaced by w̅1, w̅2,⋯ , w̅n, which are their corresponding weighted geometric mean values, see Equa-

tions 4 and 5 . 

3. Results and Discussion. 

 

This study addresses the assessment of barriers to learning and participation in inclusive educa-

tional settings, a persistent and multifaceted challenge affecting millions of students worldwide. The 

central question guiding this research is: How can educational barriers be effectively identified and 

prioritized, considering the uncertainty inherent in human perceptions? 

The persistence of educational inequalities requires innovative approaches to understand and 

address the constraints that prevent full inclusion in education systems. Global statistics reveal that 

more than 260 million children and young people remain outside the education system due to struc-

tural barriers, underscoring the urgency of this analysis. 

To address this challenge, the study employs the Neutrosophic Analytic Hierarchy Process 

(NAHP), a methodology that integrates uncertainty and ambiguity into decision-making. This ap-

proach captures and assesses the complexities of perceptions about educational barriers, providing 

a robust framework for identifying and prioritizing constraints in diverse educational contexts. 

Four experts in inclusive education (university professors with experience in addressing diver-

sity, educational consultants, directors of schools with inclusion programs, and specialists in special 

educational needs) were selected to assess and prioritize the main barriers to learning and participa-

tion. Each expert was given equal weight (w_i=1/4) for the analysis. 

 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Marianela Silva Sánchez, María Mederos-Machado, Maya Jara-Sen San,Adrián García-Perdigon. Limitations to learn-
ing and participation using the Neutrosophic Analytic Hierarchy Process (NAHP). 

 

497 

 

Identification of educational barriers 

Based on the literature and expert judgment, seven main barriers to learning and participation 

were identified: 

• BE1 : Limitations in educational resources - Shortage of materials, technologies and support 

necessary to facilitate learning for all students. 

• BE2 : Traditional pedagogical practices - Rigid methodologies that do not adapt to the di-

versity of learning and participation methods. 

• BE3 : Inaccessible physical environments - Educational spaces that present architectural ob-

stacles and non-inclusive designs. 

• BE4 : Insufficient teacher training - Lack of adequate preparation of teachers to address di-

versity in the classroom. 

• BE5 : Exclusionary educational policies - Regulatory frameworks that do not favor or hinder 

the inclusion of all students. 

• BE6 : Negative attitudes and stereotypes - Prejudices and misconceptions about diversity 

that generate discrimination. 

• BE7 : Limited family communication and participation - Low involvement and collaboration 

between families and educational institutions. 

NAHP Assessment Procedure 

Following the NAHP algorithm, the procedure was as follows: 

1. Design of the hierarchical tree with the objective, criteria and alternatives. 

2. Creating pairwise comparison matrices using neutrosophic triangular scales. 

3. Conversion of neutrosophic matrices to sharp matrices. 

4. Consistency check (CR ≤ 10%). 
5. Calculation of weights for each barrier according to each expert. 

6. Aggregation of evaluations using the weighted geometric mean. 

This section presents the results of the assessment of barriers to learning and participation in 

educational settings, obtained through the application of the Neutrosophic Analytic Hierarchy Pro-

cess (NAHP). 

Expert evaluations 

The four experts evaluated the seven educational barriers using pairwise comparison matrices 

based on the neutrosophic scale. The resulting matrices are presented below: 
 

Table 4. Neutrosophic pairwise comparison matrix of Expert 1 

 

Variable BE1 BE2 BE3 BE4 BE5 BE6 BE7 

BE1 1 1/2 1/3 1/3 1/3 1/3 1/2 

BE2 2 1 2 1/2 1/2 1 1/3 

BE3 3 1/2 1 1 1/3 1 2 

BE4 3 2 1 1 1 1 1/3 

BE5 3 2 3 1 1 2 1 

BE6 3 1 1 1 1/2 1 2 

BE7 2 3 1/2 3 1 1/2 1 
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Table 5. Neutrosophic pairwise comparison matrix of Expert 2 

 

Variable BE1 BE2 BE3 BE4 BE5 BE6 BE7 

BE1 1 1/3 1/3 1/2 1/2 1/3 1/3 

BE2 3 1 1 1/3 1/2 2 1/2 

BE3 3 1 1 2 1 1/3 1 

BE4 2 3 1/2 1 1 1/2 2 

BE5 2 2 1 1 1 1 1 

BE6 3 1/2 3 2 1 1 1 

BE7 3 2 1 1/2 1 1 1 

 

Table 6. Neutrosophic pairwise comparison matrix of Expert 3 

 

Variable BE1 BE2 BE3 BE4 BE5 BE6 BE7 

BE1 1 1/3 1/2 1/2 1/3 1/3 1 

BE2 3 1 1/3 1/2 2 1/2 1/2 

BE3 2 3 1 1 1/3 1 1 

BE4 2 2 1 1 1/2 2 2 

BE5 3 1/2 3 2 1 1 1 

BE6 3 2 1 1/2 1 1 2 

BE7 1 2 1 1/2 1 1/2 1 

 

Table 7. Neutrosophic pairwise comparison matrix of Expert 4 

 

Variable BE1 BE2 BE3 BE4 BE5 BE6 BE7 

BE1 1 1/2 1/3 1/3 1/3 1/3 1/2 

BE2 2 1 2 1/2 1/2 1 1/2 

BE3 3 1/2 1 1 1/3 1 1 

BE4 3 2 1 1 1 1 1 

BE5 3 2 3 1 1 2 1/3 

BE6 3 1 1 1 1/2 1 1/2 

BE7 2 2 1 1 3 2 1 

Consistency check 

The calculation of the Consistency Ratios (CR) yielded the following results: 

• Expert 1: CR = 8.4221% 

• Expert 2: CR = 3.8753% 

• Expert 3: CR = 4.9632% 

• Expert 4: CR = 6.3278% 

All evaluations showed CR ≤ 10%, confirming that the comparison matrices are consistent and 
valid for the analysis. 

Weights of educational barriers 

The following table shows the weights assigned by each expert to the seven educational barriers: 
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Table 8. Weights obtained for each barrier according to each expert 

 

Expert/Variable BE1 BE2 BE3 BE4 BE5 BE6 BE7 

1 0.05826 0.11587 0.12358 0.14572 0.21439 0.14962 0.19256 

2 0.05231 0.12047 0.13285 0.16428 0.14389 0.19653 0.18967 

3 0.06124 0.11278 0.13156 0.18962 0.17542 0.16324 0.16614 

4 0.05129 0.12158 0.11247 0.16825 0.19742 0.12586 0.22313 

To obtain the total weight vector, the average of the weights assigned by each expert was calculated: 
 

Table 9. Total vector of weights of educational barriers 

 

Barrier Average weight 

BE1 0.05578 

BE2 0.11768 

BE3 0.12512 

BE4 0.16697 

BE5 0.18278 

BE6 0.15881 

BE7 0.19288 

Ordering the barriers by importance: BE7 > BE5 > BE4 > BE6 > BE3 > BE2 > BE1 

 

Figure 2. Total vector of weights of educational barriers. 

Analysis of results 

The NAHP results reveal that the most significant barriers to learning and participation are: 

1. Limited family communication and participation (BE7, 19.29%): It emerges as the most 

important barrier, highlighting the fundamental role of family-school collaboration for in-

clusive educational success. 
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2. Exclusionary educational policies (BE5, 18.28%): Inadequate regulatory frameworks repre-

sent a significant structural obstacle to inclusion. 

3. Insufficient teacher training (BE4, 16.70%): Teacher training to address diversity is posi-

tioned as a critical factor. 

4. Negative attitudes and stereotypes (BE6, 15.88%): Prejudices and misconceptions constitute 

a major barrier to effective inclusion. 

The barriers with less relative weight, although equally relevant, are: 

5. Inaccessible physical environments (BE3, 12.51%) 

6. Traditional pedagogical practices (BE2, 11.77%) 

7. Limitations in educational resources (BE1, 5.58%) 

Relationship between the variables studied 

The NAHP analysis reveals significant interconnections between the identified barriers. These 

relationships can be viewed as a complex system where barriers reinforce each other: 

1. Relationship between policies and resources: Exclusionary educational policies (BE5) di-

rectly influence the availability of resources (BE1). Inadequate regulatory frameworks often 

result in insufficient budget allocations for inclusive materials and support. 

2. Link between teacher training and pedagogical practices: Inadequate teacher training 

(BE4) has a direct impact on the persistence of traditional pedagogical practices (BE2). Teach-

ers without adequate training tend to reproduce rigid methodologies that fail to address 

diversity. 

3. Influence of attitudes on family participation: Stereotypes and negative attitudes (BE6) sig-

nificantly affect family communication and participation (BE7). Prejudices toward certain 

groups can alienate families, limiting their involvement in the educational process. 

4. Connection between policies and physical accessibility: Educational policies (BE5) largely 

determine the accessibility of physical environments (BE3). The absence of regulations on 

universal design perpetuates architectural barriers. 

5. Exclusion-participation feedback loop: Limited family participation (BE7) reinforces exclu-

sionary policies (BE5) by reducing social pressure for change, creating a negative feedback 

loop. 

This interconnectedness suggests that the most effective interventions will be those that address 

multiple barriers simultaneously, recognizing their systemic nature. 

Recommendations 

Based on the results of the NAHP analysis, the following recommendations are proposed to over-

come barriers to learning and participation: 

To improve family communication and participation (BE7) 

• Implement structured family engagement programs that include a variety of schedules, for-

mats, and communication channels. 

• Establish liaisons between schools and families, especially for marginalized communities or 

those with language barriers. 

• Develop educational activities that actively involve families in the learning process. 

• Create shared decision-making spaces where families have a voice in relevant aspects of 

education. 
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To transform exclusionary educational policies (BE5) 

• Review educational regulatory frameworks with the participation of diverse groups and 

representative organizations. 

• Develop policies based on Universal Design for Learning (UDL). 

• Establish evaluation and incentive systems that reward inclusive practices. 

• Ensure specific funding for educational inclusion programs. 

To strengthen teacher training (BE4) 

• Reformulate initial training programs by incorporating specific skills in inclusive education. 

• Implement ongoing professional development programs to address diversity. 

• Create communities of practice and learning among teachers to share inclusive experiences. 

• Establish mentoring between experienced inclusion teachers and new teachers. 

To transform attitudes and stereotypes (BE6) 

• Develop awareness campaigns aimed at the entire educational community. 

• Incorporate diversity and inclusion content into the school curriculum. 

• Promote positive contact between diverse students through collaborative projects. 

• Make visible positive models of inclusion and educational success in diversity. 

Other identified barriers 

• Physical environments: Implement accessibility audits and progressive improvement 

plans. 

• Pedagogical practices: Promote active, cooperative and personalized methodologies. 

• Educational Resources: Develop and share accessible materials in open repositories. 

 

The study demonstrates the effectiveness of the Neutrosophic Analytic Hierarchy Process 

(NAHP) for assessing barriers to learning and participation, providing an approach that integrates 

the uncertainty inherent in perceptions about complex educational phenomena. 

The results highlight that the main barriers to educational inclusion go beyond purely material 

or physical aspects and focus on social, political, and professional dimensions. Family-school com-

munication, educational policies, teacher training, and attitudes toward diversity emerge as critical 

factors requiring priority attention. 

The interconnectedness of these different barriers suggests the need for systemic and coordinated 

interventions, rather than isolated efforts in specific areas. Addressing these limitations from a com-

prehensive perspective is essential for moving toward truly inclusive education systems. 

This analysis contributes both to the theoretical field, offering an innovative methodological 

framework for assessing educational barriers, and to the practical sphere, providing specific guide-

lines for the design of policies and programs that promote educational inclusion. 

4. Conclusion 

 

This study was able to identify barriers and rank them via the Neutrosophic Analytic Hierarchy 

Process (NAHP) related to learning and participation in inclusive education, with findings revealing 

the top barriers are minimal family communication about learning opportunities, failure to adhere 

to mandated inclusive educational laws, non-state regulated necessity for teacher training, and ex-

treme bias due to misinformed parents and trained school personnel. In addition to these barriers, 

they were also correlated through a significance that one barrier contributed to, or could be viewed 

as the effect of, another barrier. This is important because it recognizes the relative connectedness of 

barriers confounding the situation of education. Ultimately, the findings are significant for real-
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world application for education policymakers and school leaders. Suggested decisions such as out-

reach programs for family inclusion, state regulatory changes for compliance for inclusive policies 

like Universal Design for Learning, and associated training for teachers who want to teach diversity 

can change the essential microcosm of education to a more equitable one if these recommended ac-

tions are adopted. Furthermore, inclusive non-compliance will be diminished by allowing the op-

portunity for increased inclusion when previously these policies and actions were noncompliant, 

which is significant for a greater understanding of what inclusive education means. Finally, this re-

search elevates the state of the art within inclusive education because of how NAHP is employed 

through data processing as a legitimate means to understand complicated systems in uncertainty. 

The contributions made are theoretical assessments when assessing barriers but also practical assess-

ments of how one might prioritize solutions. The consideration of uncertainty and humanness can 

be adjusted and transformed to fit populations worldwide. 

Of course, there are limitations to this study. First, because the results are based on perception, 

there may be subjectivity involved that influences certain elements of the findings. Second, applying 

this form of approach within a singular arena may limit one's ability to generalize the study findings 

into alternative communities to see if they hold. Thus, while the study is successful in creating some-

thing new, caution should be taken when assessing the findings of this study. For future research, it 

would be beneficial to combine this study with social network analysis or artificial intelligence social 

networking techniques to gain a more holistic view of comprehensive educational atmospheres. 

Testing these barriers across culture and geography would aid in legitimizing this work. It would 

also be interesting to see if developed barriers could emerge from rising technologies like digital 

learning systems. Ultimately, this study is a great first step in a vast direction toward equity and 

inclusion in education. 
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Abstract: This study proposes a hybrid approach to predict students’ final academic performance in a 
mathematics course by integrating Random Forest, a supervised machine learning model, with neutrosophic 

logic to assess prediction reliability. The objective is to improve educational forecasting by not only predicting 

grades but also quantifying the confidence of each prediction through neutrosophic components—truth (T), 

indeterminacy (I), and falsity (F). The model was trained on a dataset of demographic, academic, and social 

attributes from Portuguese schools, achieving robust performance (MAE = 1.54, R2 = 0.61). Key contributions 

include: (1) a framework for transparent AI-assisted decision-making in education, (2) actionable insights for 

identifying at-risk students, and (3) a novel application of neutrosophic logic to interpret prediction 

uncertainties. The results demonstrate the potential of combining machine learning with neutrosophic analysis 

to improve academic interventions. 

Keywords: Random Forest, neutrosophic logic, academic performance prediction, educational data mining, 

prediction confidence, supervised learning 

 

1. Introduction 

Education is crucial for long-term economic success [1]. Knowing in advance the performance of 

students to the final evaluation can improve the situation because in this way teachers can take 

actionable insights, especially useful in educational settings where the identification of at-risk 

students is crucial [2]. To achieve it, we may use information and communication technologies to 

improve things, just as in other situations [3–7]. 

This work has considered a public dataset on the secondary school academic performance of two 

Portuguese institutions that is available [8]. In it, two datasets on performance in two different 

subjects are provided: Mathematics and Portuguese Language. Student grades and other 

demographic, socioeconomic, and educational data were among the properties of the information, 

which was obtained from school surveys and reports [9]. In [1], regression and binary / five-level 

classification tasks were used to model them. Three input selections (e.g., with and without prior 

grades) and four classification tree models were also examined. 

In this work, we will present the training and evaluation of a Random Forest model with the 

integration of neutrosophic logic for obtaining a hybrid model that not only predicts student 

outcomes but also interprets the confidence of those predictions. This framework improves 

transparency in AI-assisted decision-making and supports better academic interventions. With the 

code available in [10], this work can serve as a basis for future studies on the joint application of 
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Random Forest and Neutrosophic logic not only to predict outcomes (as in [11– 14]) but also to 

interpret the confidence of those predictions. 

2. Materials and Methods  

This study aims to predict the final grades of students using a supervised machine learning 

model and interpret the reliability of the prediction using neutrosophic logic. The dataset includes 

demographic, academic, and social variables. Figure 1 describes the steps that we follow to achieve 

our goal. We describe each one of them in this section. 

 

 
Figure 1. Proposed framework that integrates predictive modeling and neutrosophic logic to assess the 

confidence of the predictions. 

2.1 Data Preprocessing 

The dataset considered in this work was loaded from the “student-mat.csv” file containing 
mathematic student records extracted from [8]. Although the repository includes the academic 

records of students enrolled in two secondary education courses (Portuguese language and 

mathematics), only the mathematics results are considered in this work. They were gathered from 

two Portuguese schools. The data offers comprehensive details on demographics, family history, 

academic achievement, extracurricular activities, and educational support for students. 

The following preprocessing steps were applied: 

• Categorical variables were converted to factors (e.g., sex, school). 

• The target variable G3 (final grade) was converted to numeric to support regression 

modeling.  

• The dataset was split into 80% training and 20% testing using stratified sampling. 

2.2. Predictive Modeling with Random Forest 

G3 (grade in the third quarter) was considered the attribute to predict in [1]. They selected that 

because G3 (given during the third period) reflects the final year grade and G1 and G2 refer to the 

grades for the first and second academic periods, respectively, there is a high correlation between the 

three. Without G2 and G1, predicting G3 is more challenging. For this reason, we considered G3 as 

the attribute to be predicted. 

A Random Forest regression model was trained using the training data, where G3 was predicted 

based on all other variables. Random Forest was chosen for its robustness, ability to handle 
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nonlinearities, and resistance to overfitting [15]. This model was trained to predict the target variable 

G3 based on all other available features. The model was built with 100 trees and was evaluated on 

the test data. 

2.3. Prediction and Error Computation 

The absolute prediction errors were calculated for each test instance: 

 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐸𝑟𝑟𝑜𝑟 =  |𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 −  𝐴𝑐𝑡𝑢𝑎𝑙|       (1) 

 

These absolute errors serve as the basis for evaluating prediction confidence. 

 

In addition, to assess the performance of the Random Forest regression model, three commonly 

used evaluation metrics were computed: Mean Absolute Error (MAE), Root Mean Squared Error 

(RMSE), and the Coefficient of Determination (R2). These metrics provide a comprehensive 

understanding of the model’s accuracy, consistency, and explanatory power. 

2.3.1. Mean Absolute Error (MAE) 

The MAE measures the average magnitude of errors between the predicted and actual values, 

regardless of direction. It is calculated as follows: 

 𝑀𝐴𝐸 =  (1𝑛) ∑ | 𝑦𝑖 −  𝑦̂𝑖|𝑛𝑖=1         (2) 

 

where  is the predicted value,  is the actual value, and  is the number of observations. 

This metric is intuitive and reflects the average prediction error in the same unit as the target 

variable. MAE is especially useful when all prediction errors are to be treated equally. 

2.3.2 Root Mean Squared Error (RMSE) 

The RMSE quantifies the average magnitude of the prediction errors, giving more weight to larger 

errors by squaring them: 

 𝑅𝑀𝑆𝐸 =  √(1𝑛) ∑ (𝑦𝑖 −  𝑦̂𝑖)2𝑛𝑖=1      (3) 

 

Due to its sensitivity to outliers, RMSE is particularly valuable when large prediction deviations 

carry significant consequences, such as incorrectly predicting student failure or excellence. 

2.3.3. Coefficient of Determination (R2) 

The R2 score, also known as the coefficient of determination, indicates the proportion of variance 

in the target variable explained by the model: 

 𝑅2 =  1 − (∑ (𝑦𝑖 −  𝑦̂𝑖)2𝑛𝑖=1 )
                                                  (∑ (𝑦𝑖 −  𝑦̄)2𝑛𝑖=1

the model successfully captures patterns affecting student performance. 

       (4) 

 

A value closer to 1 indicates a strong model fit. In the educational context, a high R2 means that 

)
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2.3.4. Summary of Metrics  

Table 1. Summary of Evaluation Metrics 

Metric Purpose Strength 

MAE 

RMSE 
 
 

R2 

Average absolute error 

Penalizes large errors 

 
 

Variance explained by the model 

Simple and interpretable 

Sensitive to outliers and highlights 

high-risk predictions 

Measures overall model fit 

 

These three metrics offer complementary perspectives on model performance, making them well-

suited for evaluating predictive models in academic contexts. 

2.4 Neutrosophic Interpretation of Errors 

Neutrosophy deals with truth (T), indeterminacy (I), and falsity (F). We’ll integrate it by: 
• Classifying predictions as confident, uncertain, or incorrect based on residuals. 

• Assigning neutrosophic values based on prediction error margins. 

To assess the reliability of each prediction, neutrosophic values were assigned according to the 

error magnitude.  In this work, T, I, and F imply the following: 

• T (Truth): how likely the prediction is correct, 

• I (Indeterminacy): the level of uncertainty 

• F (Falsity): how likely the prediction is wrong. 

The values for T, I, and F were manually defined using the following thresholds: 

 

Table 2. Neutrosophic Logic Rules 

Error 

Range 

Truth 

(T) 
Indeterminacy (I) Falsity (F) Interpretation 

≤ 1 0.9 0.1 0.0 Very confident prediction 

1 < error ≤ 3 0.5 0.4 
 

0.1 Moderate uncertainty 

> 3 0.2 0.3 0.5 Poor/unreliable 
prediction 

2.5. Visualization 

To show errors in predicted values, a scatter plot that compares the final actual and predicted 

grades (G3) of the students is considered. To improve this scater plot, we can add the indeterminacy 

(I) range of values to each predicted value, creating a scatter plot where the size or color of the points 

represents the indeterminacy level. This will visually communicate the confidence of each prediction 

alongside the actual vs. predicted values. In addition, another scatter plot is considered to show how 

T, I, and F vary with the absolute prediction error. This allows an interpretation of prediction 

reliability across different student cases. 

3. Results 

3.1. Random Forest Classic Evaluation 

When training the Random Forest model, we get the following results, summarized in Table 3. 
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Table 3. Summary of Metric Results 

Metric Result Meaning 

MAE 1.544304 Average absolute difference between prediction and reality. 

RMSE 3.023118 Penalizes larger errors more than MAE. 

R2 0.6122818 
How much of the variance in G3 is explained by the model (closer 

to 1 is better). 

 

Figure 2 presents a scatter plot that compares the final actual and predicted grades (G3) of the 

students, with the red dashed line representing perfect predictions (Predicted = Actual). The model 

demonstrates strong performance, as most data points cluster closely around this line, indicating low 

prediction errors. Points above the line represent over-predictions (where the model overestimates 

grades), while points below indicate under-predictions. 

 

 

 
 

Figure 2. Actual vs Predicted G3 Values. 

 

In Figure 2, the tight distribution of points near the line suggests that the Random Forest model 

effectively captures the underlying patterns in student performance data, particularly for grades 

within typical ranges. However, a few outliers deviate significantly from the line, reflecting instances 

where the model struggles to predict accurately. These discrepancies may arise from unique student 

circumstances or unaccounted variables in the dataset. The overall alignment of most points with the 

ideal line underscores the model’s reliability for most cases, while the outliers highlight areas where 
additional data or feature engineering could improve accuracy. This visualization provides educators 
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with a clear and intuitive understanding of the model’s strengths and limitations in predicting 

academic outcomes. 

3.2. Neutrosophic Evaluation 

The scatter plot of Figure 3 visualizes the relationship between the actual final grades (G3) of 

students and the grades predicted by the Random Forest model, with the added dimension of 

indeterminacy (I) represented by the size and color of the points. The dashed red line indicates perfect 

predictions (where predicted equals actual) and points closer to this line reflect higher accuracy. The 

size and color of each point correspond to the model's uncertainty: larger, orange points indicate 

higher indeterminacy (less confidence in the prediction), while smaller, blue points indicate lower 

indeterminacy (greater confidence). This dual representation allows educators to quickly identify not 

only the accuracy of predictions but also their reliability, highlighting cases where the model is 

uncertain—such as outliers or edge cases—that may require further investigation or additional data. 

 

 

. 

Figure 3. Actual vs Predicted G3 Values with Indeterminacy 

 

The analysis of the plot reveals that the Random Forest model performs well for most students, as 

evidenced by the clustering of smaller, bluer points near the ideal line. However, larger, orange 

points—indicating higher uncertainty—tend to appear where predictions deviate significantly from 

actual grades, particularly at the extremes of the grading scale. This suggests that the model struggles 

with predicting very high or very low grades, possibly due to fewer data points in these ranges or 

unaccounted variables influencing performance. The integration of indeterminacy values provides 
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actionable insights: educators can prioritize interventions for students with high-uncertainty 

predictions, while confidently relying on the model's accurate forecasts for most cases. This approach 

bridges the gap between raw predictions and practical decision-making, enhancing the model's 

utility in real-world educational settings. 

In addition, the Neutrosophic evaluation added a new layer of interpretation by assigning 

confidence levels to each prediction. When we apply it to residuals, we get Figure 4. It demonstrates 

the integration of neutrosophic logic to assess the reliability of the Random Forest model’s 
predictions. The visualization maps each prediction according to its associated truth (T), 

indeterminacy (I), and falsity (F) values, derived from absolute prediction errors. Predictions with 

minimal errors (≤ 1) exhibit high truth values (T ≈ 0.9), indicating strong confidence in their accuracy.  

 

 
 

Figure 4. Neutrosophic Interpretation of Prediction Error. 

 

For predictions with moderate errors (1 < error ≤ 3), the figure reveals increased indeterminacy (I 
≈ 0.4) and reduced truth (T ≈ 0.5), reflecting uncertainty in the model’s output. Such scenarios suggest 

the need for additional contextual data to improve prediction reliability. Predictions with large errors 

(> 3) are characterized by high falsity (F ≈ 0.5) and low truth (T ≈ 0.2), flagging them as unreliable. 
These instances help identify model limitations, prompting further investigation into factors affecting 

prediction accuracy [16]. 

Overall, the results of this section have been obtained when executing the code available in [10]. 

Figures 2 and 3 validate the model’s overall accuracy but identifies outliers for improvement. Figure 
4 adds interpretability by quantifying confidence, providing actionable insights, especially useful in 

educational settings where the identification of at-risk students is crucial. 

4. Conclusion 

This study successfully demonstrates the effectiveness of combining Random Forest regression 

with neutrosophic logic to predict and interpret student academic performance. The Random Forest 

model achieved strong predictive accuracy, as evidenced by the clustering of points around the ideal 

line in Figure 2 and the evaluation metrics (MAE = 1.54, R2 =0.61). The integration of neutrosophic 

logic (Figures 3 and 4) further enhanced the model’s utility by quantifying prediction confidence 
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through truth (T), indeterminacy (I), and falsity (F) values. This hybrid approach not only provides 

actionable predictions but also transparently communicates their reliability, enabling educators to 

prioritize interventions for at-risk students while acknowledging uncertainties. The framework 

represents a significant advancement in educational forecasting, bridging the gap between machine 

learning outputs and practical decision-making. 

Despite its strengths, the study has limitations. The model’s performance may be constrained by 

the dataset’s scope, which excludes contextual factors like individual learning styles or unmeasured 
socio-economic variables. Additionally, the manual assignment of neutrosophic thresholds (Table 3) 

introduces subjectivity, suggesting a need for automated or data-driven methods to define these 

rules. Future work could explore dynamic threshold adaptation, integration of additional data 

sources (e.g., behavioral or real-time performance metrics), and validation across diverse educational 

contexts. Expanding the model to other disciplines or longitudinal studies could further generalize 

its applicability. Addressing these limitations would strengthen the framework’s robustness and 
scalability, paving the way for more nuanced and universally applicable educational tools. 
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Abstract. This study investigates the interdependence between informational skills and digital competencies, and 
how an educational intervention can strengthen this relationship in university students. Using Plithogenic n-Su-
perHyperGraphs as a modeling mechanism, 40 students were assessed through questionnaires and practical tests 
before and after a ten-week experiment.   
Findings revealed new associations, such as a strong positive correlation (0.82) between information searching and 
digital literacy. Significantly, the percentage of students with high-level integrated skills increased from 12.5% to 
37.5% after the intervention. Although the intervention improved all dimensions regardless of sociodemographic 
variables, female students, engineering students, and the 18-20 age group showed the greatest progress. The study 
proposes a novel approach to assess these multidimensional competencies and suggests the need to integrate these 
transversal skills into university curricula to better prepare students for the digital academic and professional en-
vironment. 
 

Keywords: Information Skills, Digital Competencies, Integration, N-SuperHyperGraphs, Educational Intervention, 
Correlations, University Students.

 
1 Introduction 

We are currently living in a technologically advanced society where information skills and digital 
competencies represent the required groundwork for current and future academic and career undertak-
ings. Here, skills are needed to operate within technologically advanced environments, whether to seek 
out, evaluate, and acquire information or to use different technologies with finesse and skill. However, 
most importantly, the intersection of both sets of skills can foster better critical thinking and problem-
solving abilities through creativity, especially in an information-rich world [1]. Recently, populations 
that directly relate include college students who study in a digitized world and require such skills to 
graduate or battle learned issues on a global scale [2]. Therefore, it is important to assess how these two 
types of skills relate—through cause and effect—and how they can build upon each other to strengthen 
newcomers’ theory for present-day application. The last few decades of learning show a transformation 
of learning due to advancements in information technology. From the internet entering the classroom 
to increased computer usage to remote learning options, all have been unprecedented transformations 
in how we learn [3]. As such, immediate transformations in learning support the need for information 
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skills—searching for information, evaluating it, and determining viable sources—and digital skills—
creating products and using online safety [4]. Yet only through hypothetical assessments of these skills 
have they been utilized. Only rarely has the integration of such abstract skills been investigated despite 
their relevance in addressing real-world applications [5]. Thus, there is no better time than the present 
to approach this study based on the necessity of the past. 

This gap is filled through the problem statement derived from the central research question: what is 
the relationship between information skills and digital competencies and can the interdependence 
thereof be enhanced through an educational intervention among university students? While such as-
sessment of skills and competencies has been done relative to their comprehension over time [6], there 
is no relative information in the recent literature to suggest that researchers have tried to solidify a 
model of their dependent nature via such advanced means. The problem exists because it is relevant; 
university students are not prepared for a digitally driven transformed era where merely learning these 
integrative skills will put them ahead of the game come time for employment [7]. Thus, solving this 
problem will benefit theoretical and practical solutions and progress within higher education. As such, 
the study's problem helps form the purpose for assessment: to assess the relationship between infor-
mation skills and digital competencies via plithogenic n-SuperHyperGraphs for mapping such relation-
ships within an ontology. Secondly, the project seeks to assess the results of a 10-week educational in-
tervention on the level of growth and integration of competencies among university students. Both pur-
poses are goal-driven and relate to question developments that fulfill them and support this intention-
focused approach with new findings relative to the symbiotic nature of such skills within academic 
settings [8,9]. 

2. Materials and methods 

This section contains two subsections, the first one is dedicated to explaining the basic notions of the 
n-Plithogenic SuperHyperGraphs defined in [10]. Then, subsection 2.2 contains the main concepts of 
multiway contingency tables and the log-linear method. 

2.1 n- Plithogenic superhypergraphs 

Plithogenic n-SuperHyperGraphs were defined by Smarandache in the field of decision making in 
[10]. 

First, an n-SuperHyperGraph is defined as follows [11], [12]: 

Given 𝑉 = {𝑉1,  𝑉2, ⋯ ,  𝑉m}, where 1 ≤ m ≤ ∞is a set of vertices, containing simple vertices that are 
classical, indeterminate vertices that are unclear, vague, partially known, and null vertices that are empty 
or completely unknown. 𝑃(𝑉)is the power set of𝑉 including ∅. 𝑃𝑛(𝑉)is the n-potential set of 𝑉, which is defined recursively 
as follows: 𝑃1(𝑉) = 𝑃(𝑉), 𝑃2(𝑉) = 𝑃(𝑃(𝑉)), 𝑃3(𝑉) = 𝑃(𝑃2(𝑉)), … , 𝑃𝑛(𝑉) = 𝑃(𝑃𝑛−1(𝑉)), for 1 ≤ n ≤ ∞. 
Where is also defined as  𝑃0(𝑉) = 𝑉. 

An n- SuperHyperGraph ( n-SHG ) is an ordered pair 𝑛 − 𝑆𝐻𝐺 = (𝐺𝑛 ,  𝐸𝑛), where𝐺𝑛 ⊆ 𝑃𝑛(𝑉) and 𝐸𝑛 ⊆ 𝑃𝑛(𝑉), for 1 ≤ n ≤ ∞. Such that, 𝐺𝑛is the set of vertices and 𝐸𝑛is the set of edges. 𝐺𝑛contains all possible types of vertices as in the real world: 
• Simple vertices (the classic ones), 
• Indeterminate vertices (unclear, vague, partially known), 
• Null vertices (empty, completely unknown), 
• SuperVertex (or SubsetVertex ) contains two or more vertices of the above types grouped to-

gether (organization). 
• n-SuperVertex which is a collection of vertices, where at least one of them is an (n-1)-SuperVer-

tex, and the others may be r-SuperVertex for 𝑟 ≤ n. 
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𝐸𝑛contains the following types of borders: 
• Simple edges (the classic ones), 
• Indeterminate borders (unclear, vague, partially known), 
• Null edges (totally unknown, empty), 
• HyperEdge (connecting three or more individual vertices), 
• SuperEdge (connecting two vertices, at least one of them is a SuperVertex), 
• n- SuperEdge (connecting two vertices, at least one of which is an n-SuperVertex and may con-

tain another which is an r-SuperVertex with 𝑟 ≤ n). 
• SuperHyperEdge (connects three or more vertices, where at least one of them is a SuperVertex), 
• n- SuperHyperEdge (contains three or more vertices, at least one of which is an n-SuperVertex 

and may contain an r-SuperVertex with 𝑟 ≤ n), 
• MultiEdge (two or more edges connecting the same two vertices), 
• Loop (an edge that connects an element to itself), 
The graphics are classified as follows: 
• Graph directed (the classic), 
• Undirected graph (the classic one), 
• Neutrosophic directed graph (partially directed, partially undirected, partially directed inde-

terminate). 
 
Within the framework of the theory of Plithogenic n-SuperHyperGraphs, we have the following 

concepts [13,14, 15] 
Enclosing vertex: A vertex that represents an object comprising attributes and sub-attributes in the 

graphical representation of a multi-attribute decision-making environment. 
Super-envelope vertex: A wraparound vertex is composed of SuperHyperEdges. 
Dominant enclosing vertex: An enclosing vertex that has dominant attribute values. 
Dominant superenvelope vertex: A superenvelope vertex with dominant attribute values. 
The dominant enclosing vertex is classified into input , intervention and output according to the nature 

of the object representation. 
Plithogenic connectors: Connectors associate the input envelope vertex with the output envelope 

vertex. These connectors associate the effects of input attributes with those of output attributes and are 
weighted according to the plithogenic weights. 

2.2 Multi-way contingency tables 

A multivariate contingency table is a contingency table defined for two or more cross-ratio classifi-
cation variables. Two-dimensional tables are usually referred to as contingency tables, while the term 
multivariate applies when the number of variables is at least three [16, 17, 18].  

A generic multivariate table is defined using𝐼 = 𝐼1 × 𝐼2 ⋯ × 𝐼𝑞 as the set of indices for each variable to 
be studied 𝑋1, 𝑋2, ⋯ ,  𝑋𝑞 , such that𝐼j is the set of indices corresponding to the possible classifications of 
the variable j . Therefore,𝑛i1i2⋯i𝑞 is the frequency of occurrence of the classifications i1, i2, ⋯ , iqfor each 

of the corresponding variables.  
Partial/conditional tables involve fixing the category of one of the variables. Fixed variables are indi-

cated in parentheses. For example, partial tables 𝑋𝑍and 𝑌𝑍are indicated by𝑛i(j)k and 𝑛(i)jk, respectively. 
Furthermore, the partial/conditional probabilities are calculated by 𝜋ij(k) = 𝜋ij/k = 𝑃𝑟𝑜𝑏(𝑋 = 𝑖, 𝑌 = 𝑗/𝑍 =𝑘). The partial/conditional proportions are defined by𝑝ij(k) = 𝑝ij/k = 𝜋ijk𝜋++k for 𝑘 =  1, 2, … , 𝐾. Where 𝜋++k is 

the frequency 𝑖and 𝑗configuration 𝑘, for more information see [16,17]. 
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Next, we briefly explain what log-linear models consist of. To simplify the exposition, we consider 

the case of the three-way contingency table. If 𝑋, 𝑌, and 𝑍are the variables, then the following possible 
models are obtained [18]: 

 
• Model (X, Y, Z): All variables are considered independent, the model is as follows: ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍      (1) 
• Model (X, YZ): Only the YZ association is considered, while X is independent of the other two 

variables. ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑗𝑘𝑌𝑍      (2) 
• Model (XY, YZ): X and Z are independent for each value of Y: ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑗𝑘𝑌𝑍      (3) 
• Model (XY, YZ, XZ): There is a pairwise association between all variables, but there is no joint 

association between the three. ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑖𝑘𝑋𝑍 + 𝜆𝑗𝑘𝑌𝑍      (4) 
• Model (XYZ): If the above model does not fit the data well, then the association between the 

three variables should be considered: ln 𝐹𝑖𝑗 = 𝜆 + 𝜆𝑖𝑋 + 𝜆𝑗𝑌 + 𝜆𝑘𝑍 + 𝜆𝑖𝑗𝑋𝑌 + 𝜆𝑖𝑘𝑋𝑍 + 𝜆𝑗𝑘𝑌𝑍 + 𝜆𝑖𝑗𝑘𝑋𝑌𝑍                  (5) 
To compare two different models, the statistic called likelihood ratio is used, which is calculated as [19]: 𝐺2 = 2 ∑ 𝑓𝑙𝑛(𝑓/𝐹)                                                                                                                      (6) 

Where𝑓 is the observed frequency, and 𝐹is the expected frequency based on the model. This statistic 
is distributed according to a chi-square test under the hypothesis that the model is correct, with degrees 
of freedom depending on the parameters used to fit the model [20. 

To compare two models, simply subtract their respective𝐺2 or, in another case, among others, the 
Bayesian Information Criterion is used with the formula [21]: 𝐵𝐼𝐶 =  𝐺2 − df logN                                                              (7) 

Where 𝑑𝑓denotes the degree of freedom and 𝑁is the total number of cases in the sample 
 

3. Case Study 
 
In the research, three instruments were used for data collection, which were designed and validated 

by experts in the subject, based on their reliability during their application. They were the following: 
 

Information Skills Assessment Questionnaire (CEHI) 
 
The Information Skills Assessment Questionnaire, developed by Martínez et al. in 2018, was de-

signed to objectively assess information search, evaluation, and use skills. It is considered a rapid and 
objective assessment tool with a qualitative scoring system, consisting of two parts: a self-administered 
questionnaire and a practical test. The questionnaire consists of 18 questions, each of which will be 
scored one point if answered correctly or zero if answered incorrectly. It includes three ungraded con-
trol questions, with a maximum score of 15. 

The second part of the CEHI consists of a practical test that assesses the participant's ability to con-
duct effective searches, critically evaluate sources, and synthesize information. The score is obtained by 
adding the results of both parts; a score greater than 20 indicates a high level of information skills. 

 
Digital Competence Test (DCT) 

 
The Digital Competencies Test assesses technological skills in different dimensions. It uses an as-

sessment rubric that measures five key areas: information and information literacy, communication and 
collaboration, digital content creation, security, and problem-solving. Each dimension is assessed 
through practical activities that the participant must complete while the evaluator records their perfor-
mance on a scale of 1 to 5. This assessment is conducted in two sessions to measure initial and final 
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performance after the educational intervention. The procedure has been standardized for different pop-
ulation groups, so adherence to these protocols is recommended. 

 
Practical Application Integrated Test (PAPI) 

 
The assessment of skills integration has been standardized thanks to the work of Dr. Roberto Mén-

dez. This test is designed to identify the ability to integrate information and digital skills in solving real-
world problems. During the exam, the evaluator will explain the procedure to the participant. The par-
ticipant must solve a practical case that requires both searching for and evaluating information and 
using digital tools to present a solution. The test will be evaluated considering both the process and the 
final result. 

To assess the integration of competencies, a holistic rubric is used for solving the practical case. The 
participant will receive a grade that determines: 

• Basic level: limited integration of information skills and digital competencies 
• Intermediate level: adequate integration of information skills and digital competencies 
• Advanced level: excellent integration of information skills and digital competencies 
 
The research was conducted in two locations: the facilities of the Faculty of Information Sciences at 

the Central University, and also at the facilities of the municipality's Digital Innovation Center, in the 
province of Quito. 

 
Population and sample 

The research population consisted of 48 university students, of whom 40 participants completed the 
10-week intervention, with pre- and post-assessment. The remaining 8 participants were eliminated for 
not completing the full 10-week program or for not attending the final assessment, yielding a 95% con-
fidence interval, with a 5% margin of error for university students. 

 
Inclusion criterio 
 

• Male or female students aged 18 to 30. 
• Students enrolled in undergraduate university programs. 
• Students who regularly use electronic devices for their studies. 
• Students who have completed at least one full semester of university studies. 
• Students who voluntarily agreed to participate in the study. 
 

Exclusion criterio 
 
• Students with prior professional certification in digital skills. 
• Students working in the information technology sector. 
• Students who do not have regular internet access at home. 
• People who have participated in similar programs in the last 6 months. 
 
The input object (V) in this study is Students, defined as the university students selected to study 

the relationship between information skills and digital competencies. The Enveloping Vertex (Super 
Enveloping Vertex or Dominant Enveloping Vertex or Super Enveloping Dominant Vertex) in this prob-
lem is related to the following attributes and subattributes: 

 
V₁= Sociodemographic data, V₂= Information skills, V₃= Digital skills, V₄= Integration of skills. 
Attribute sets = {Sociodemographic data, Information skills, Digital skills, Skills integration}. 
Sociodemographic data = {Age (V₁₁), Area of study (V₁₂), Gender (V₁₃)}. 
Information skills = {Information seeking (V₂₁), Information evaluation (V₂₂), Information use (V₂₃)}. 
Age = {18-20 years (V₁₁₁), 21-25 years (V₁₁₂), 26-30 years (V₁₁₃)}. 
Area of study = {Humanities (V₁₂₁), Sciences (V₁₂₂), Engineering (V₁₂₃), Social Sciences (V₁₂₄)}. 
Gender = {Male (V₁₃₁), Female (V₁₃₂)}. 
Information search = {Initial (V₂₁₁), Final (V₂₁₂)}. 
Information evaluation = {Initial (V₂₂₁), Final (V₂₂₂)}. 
Information usage = {Initial (V₂₃₁), Final (V₂₃₂)}. 
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Initial = {Low, Medium, High}. Final = {Low, Medium, High}. 
Digital skills = {Information and literacy (V₃₁), Communication and collaboration (V₃₂), Content cre-

ation (V₃₃), Security (V₃₄), Problem solving (V₃₅)}. 
For each digital competency, the following levels are assessed: Initial = {Basic, Intermediate, Ad-

vanced}. Final = {Basic, Intermediate, Advanced}. 
Integration of competencies = {Initial (V₄₁), Final (V₄₂)}. 
In the case of integration, the following is determined: Initial = {Low, Medium, High}. Final = {Low, 

Medium, High}. 
These variables are summarized in Table 1: 
 

Table 1. Vertex, Vertex Attributes, Vertex Subattributes, and Vertex Subattributes in the study. 
 

Vertex Vertex attributes Secondary vertex at-

tributes 

Secondary vertex at-

tributes 

Sociodemographic 
data (V₁) 

Age (V₁₁) 18-20 years (V₁₁₁) Low (V₂₁₁₁) 
Medium (V₂₁₁₂) 

High (V₂₁₁₃) 
Low (V₂₁₂₁) 

Medium (V₂₁₂₂) 
High (V₂₁₂₃) 
Low (V₂₂₁₁) 

Medium (V₂₂₁₂) 
High (V₂₂₁₃) 
Low (V₂₂₂₁) 

Medium (V₂₂₂₂) 
High (V₂₂₂₃) 
Low (V₂₃₁₁) 

Medium (V₂₃₁₂) 
High (V₂₃₁₃) 
Low (V₂₃₂₁) 

Medium (V₂₃₂₂) 
High (V₂₃₂₃) 

21-25 years (V₁₁₂) 
26-30 years (V₁₁₃) 

Study area (V₁₂) Humanities (V₁₂₁) 
Sciences (V₁₂₂) 

Engineering (V₁₂₃) 
Social Sciences (V₁₂₄) 

Gender (V₁₃) Male (V₁₃₁)  
Female (V₁₃₂) 

Information skills 
(V₂) 

Information Search 
(V₂₁) 

Initial (V₂₁₁) 
Final (V₂₁₂) 

Information Evalua-
tion (V₂₂) 

Initial (V₂₂₁) 
Final (V₂₂₂) 

Use of information 
(V₂₃) 

Initial (V₂₃₁) 
Final (V₂₃₂)  

 
Note that the sub-attributes V₂₁₁, V₂₂₁, and V₂₃₁ are input enclosing vertices, while V₂₁₂, V₂₂₂, and V₂₃₂ 

are output enclosing vertices. The intermediate enclosing vertices are the others. 
Table 2 contains the absolute frequency of each of the variables: 
 

Table 2. Absolute frequencies obtained for each variable. 
  

Vertex Vertex attributes Secondary vertex at-

tributes 

Secondary vertex at-

tributes 

Sociodemographic 
data (40) 

Age (40) 18-20 years (12) Low (14) 
Medium (18) 

High (8) 
Low (5) 

Medium (15) 
High (20) 
Low (16) 

Medium (17) 
High (7) 
Low (6) 

Medium (19) 
High (15) 

21-25 years (19) 
26-30 years (9) 

Study area (40) Humanities (8) 
Sciences (10) 

Engineering (14) 
Social sciences (8) 

Gender (40) Male (18) 
Female (22) 

Information skills 
(40) 

Information search 
(40) 

Initial (40) 

Final (40) 

Initial (40) 
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Information evalua-
tion (40) 

Final (40) Low (15) 
Medium (18) 

High (7) 
Low (4) 

Medium (16) 
High (20) 

 

Use of information 
(40) 

Initial (40) 

Final (40)  

 
Note that each of the absolute frequencies can be converted to relative frequencies by dividing them 

by 40. 
Table 3 contains the vertices corresponding to digital competencies and integration, which is written 

separately for reasons of space and to make it more understandable, however, it should be understood 
as a continuation of Table 1: 

 
Table 3. Vertex, Vertex Attributes, and Vertex Subattributes in the study conducted for digital competencies and 

integration. 
 

Vertex Vertex attributes Secondary vertex attribu-

tes 

Digital skills (V₃) Information and literacy (V₃₁) Initial (V₃₁₁) 
Final (V₃₁₂) 

Communication and collaboration 
(V₃₂) 

Initial (V₃₂₁) 
Final (V₃₂₂) 

Content Creation (V₃₃) Initial (V₃₃₁) 
Final (V₃₃₂) 

Security (V₃₄) Initial (V₃₄₁) 
Final (V₃₄₂) 

Problem Solving (V₃₅) Initial (V₃₅₁)  
Final (V₃₅₂) 

Integration of competencies 
(V₄) 

Initial (V₄₁) Low (V₄₁₁) 
Medium (V₄₁₂) 

High (V₄₁₃) 
Final (V₄₂) Low (V₄₂₁) 

Medium (V₄₂₂) 
High (V₄₂₃) 

 
Note that the sub-attributes V₃₁₁, V₃₂₁, V₃₃₁, V₃₄₁, V₃₅₁, and V₄₁ are input wrapping vertices, while V₃₁₂, 

V₃₂₂, V₃₃₂, V₃₄₂, V₃₅₂, and V₄₂ are output wrapping vertices. 
Table 4 contains the absolute frequencies of the variables in Table 3. 
 

Table 4. Absolute frequency obtained for each of the variables corresponding to digital skills and integration. 
 

Vertex Vertex attributes Secondary vertex attributes 
Digital skills (40) Information and literacy (40) Initial: Basic (18), Intermediate (16), 

Advanced (6) 
Final: Basic (5), Intermediate (17), Ad-

vanced (18) 
Communication and collabo-

ration (40) 
Initial: Basic (12), Intermediate (20), 

Advanced (8) 
Final: Basic (4), Intermediate (14), Ad-

vanced (22) 
Content creation (40) Initial: Basic (21), Intermediate (15), 

Advanced (4) 
Final: Basic (8), Intermediate (19), Ad-

vanced (13) 
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Security (40) Initial: Basic (22), Intermediate (13), 
Advanced (5) 

Final: Basic (9), Intermediate (18), Ad-
vanced (13) 

Troubleshooting (40) Initial: Basic (19), Intermediate (16), 
Advanced (5) 

Final: Basic (7), Intermediate (17), Ad-
vanced (16) 

Integration of competen-
cies (40) 

Initial (40) Low (20) 
Medium (15) 

High (5) 
Final (40) Low (8) 

Medium (17) 
High (15) 

 
Let's now use log-linear models to statistically process the data. To simplify the method, we'll use 

three-way contingency tables. We'll calculate the G² coefficient in each case. 
Table 5 contains a summary of these results: 
 

Table 5.  G² result of the processed models. 
 

Model G² 

Age Initial information search Final information search 2.842761e-7 
Age Initial information assessment Final information assessment 3.145926e-7 

Age Use of initial information Use of final information 2.953184e-7 
Age Initial information and literacy Final information and literacy 3.267458e-7 

Age Initial communication and collaboration Final communication and collaboration 2.875326e-7 
Study area Initial information search Final information search 4.125687e-7 

Study Area Initial Information Evaluation Final Information Evaluation 4.265821e-7 
Study area Use of initial information Use of final information 3.957432e-7 
Study Area Initial Content Creation Final Content Creation 4.125789e-7 
Study Area Initial Problem-Solving Final Problem Solving 4.032567e-7 
Gender Initial information search Final information search 3.148562e-7 

Gender Initial information evaluation Final information evaluation 2.985621e-7 
Gender Use of initial information Use of final information 3.047826e-7 

Gender Security initial Final Security 3.125478e-7 
Gender Initial Competence Integration Final Competence Integration 2.954781e-7 

 
Note that, for example, in the first model, three vertices were combined to form a SuperVertex, since 

uncertainty and indeterminacy exist due to the nature of the problem being addressed, and therefore 
statistics are used. Figure 1 serves to graphically illustrate this example; a similar graphical representa-
tion exists for each of the models. 

Regarding dominance, two vertices were always dominant: the initial one (representing the input) 
and the final one (representing the output).  

Show image 
Regarding statistical interpretation, all G² values were < 0.01 with a log-linear fit, indicating that all 

the log-linear models obtained fit the data well. When the models were analyzed in more detail for all 
cases, it was concluded that there was a significant improvement among the variables analyzed. In other 
words, the intervention program was effective in improving both information and digital skills in all 
students, regardless of their age, field of study, and gender. 

 
Analysis of relationships between information skills and digital competencies 

 
To further analyze the relationships between information skills and digital competencies, we used 

plithogenic n-SuperHyperGraphs to model the connections between the different components evalu-
ated. Table 6 shows the results of the correlation analysis between the different dimensions evaluated: 
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Table 6. Correlation coefficients between information skills and digital competencies 

 
Information skills Digital competence Initial coeffi-

cient 
Final coeffi-

cient 
Change 

Search for informa-
tion 

Information and lite-
racy 

0.65 0.82 +0.17 

Search for informa-
tion 

Troubleshooting 0.48 0.71 +0.23 

Information evalua-
tion 

Information and lite-
racy 

0.57 0.76 +0.19 

Information evalua-
tion 

Security 0.42 0.68 +0.26 

Use of information Content creation 0.61 0.79 +0.18 
Use of information Troubleshooting 0.53 0.74 +0.21 

 
These results show significant positive correlations between information skills and digital compe-

tencies, with these relationships strengthening after the educational intervention. To better visualize 
these relationships, we applied the plithogenic n-SuperHyperGraphs model, generating a representa-
tion of the connections between the different components. 

Analysis of the plithogenic n-SuperHyperGraph allows us to identify the following key trends: 
 
1. Information seeking shows a strong correlation with information and digital literacy (0.82), sug-

gesting that both skills reinforce each other and share similar cognitive processes. 
2. Information evaluation presents a significant correlation with digital security (0.68), indicating 

that critical capabilities developed to evaluate information also contribute to identifying risks 
in digital environments. 

3. The use of information is closely related to the creation of digital content (0.79), demonstrating 
that the effective application of information facilitates the generation of new content in digital 
format. 

4. The integration of competencies, represented as a central node in the n-SuperHyperGraph, 
shows connections with all information skills and digital competencies, confirming its holistic 
nature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Evolution of information skills and digital competencies 
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Evolution of skills and competencies 
 

Analyzing the evolution of information skills and digital competencies allows us to visualize the 
impact of the intervention program on the different components assessed. Figure 1 shows the evolution 
of the average levels achieved by students in each dimension. 

As can be seen, all skills and competencies experienced significant growth after the educational in-
tervention. Information use was the informational skill that showed the greatest growth (from 37% to 
82%), while skills integration, although starting from the lowest level (23%), achieved a significant in-
crease, reaching 70%. 

 
Analysis of the integration of competencies according to sociodemographic variables 
 

To better understand how sociodemographic variables influence the integration of information skills 
and digital competencies, we conducted a detailed analysis using log-linear and plithogenic n-Super-
HyperGraphs models. Table 7 shows the results of the correlation between these variables: 

 
Table 7: Integration of competencies according to sociodemographic variables 

 
Variable Category Initial inte-

gration 

  
Final inte-

gration 

  

  
Low Medium High Low Medium High 

Age 18-20 years 
old 

7 (58%) 4 (33%) 1 (8%) 3 (25%) 5 (42%) 4 (33%) 

 
21-25 years 

old 
9 (47%) 7 (37%) 3 (16%) 3 (16%) 8 (42%) 8 (42%) 

 
26-30 years 

old 
4 (44%) 4 (44%) 1 (11%) 2 (22%) 4 (44%) 3 (33%) 

Study area Humanities 4 (50%) 3 (38%) 1 (13%) 2 (25%) 3 (38%) 3 (38%)  
Sciences 5 (50%) 4 (40%) 1 (10%) 2 (20%) 4 (40%) 4 (40%)  

Engineering 6 (43%) 5 (36%) 3 (21%) 1 (7%) 6 (43%) 7 (50%)  
Social Scien-

ces 
5 (63%) 3 (38%) 0 (0%) 3 (38%) 4 (50%) 1 (13%) 

Gender Male 9 (50%) 7 (39%) 2 (11%) 4 (22%) 7 (39%) 7 (39%)  
Female 11 (50%) 8 (36%) 3 (14%) 4 (18%) 10 (45%) 8 (36%) 

 
The results show improvements in skills integration across all demographic groups. However, some 

interesting differences are observed: 
 
1. Engineering students showed the greatest increase in the high level of integration (from 21% to 

50%). 
2. The youngest students (18-20 years old) experienced the greatest positive change overall, going 

from 8% with a high level to 33%. 
3. No significant gender differences were observed in the evolution of skills integration. 

 
In the plithogenic n-SuperHyperGraph model, we can observe the connections between different 

information skills and digital competencies. Thicker lines indicate stronger correlations, and we can see 
that after the intervention, the relationship between information seeking and information literacy shows 
the strongest correlation (0.82), followed by the relationship between information use and digital con-
tent creation (0.79).  

As can be seen, there is a clear increase in the percentage of students achieving a high level of skill 
integration (from 12.5% to 37.5%), information skills (from 18.3% to 45.8%), and digital skills (from 
15.6% to 41.0%). This demonstrates the effectiveness of the intervention program in improving not only 
individual skills and competencies but also their integration. 
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While this study provides valuable insights into the relationship between information skills and 

digital competencies, it is important to acknowledge certain limitations. The sample size, although ad-
equate, may restrict the generalization of the results to broader university populations. Additionally, 
the study focused on students from a specific region, which may introduce cultural or contextual biases. 
The methodology relies primarily on questionnaires and practical tests, which may not fully capture the 
complexity of integrated skills in real-world settings. Finally, although the educational intervention 
proved effective, the long-term effects and sustainability of the observed improvements were not eval-
uated. 

 
4. Conclusions 

 
This study demonstrated the effectiveness of using plithogenic n-SuperHyperGraphs to model and 

analyze the relationships between information skills and digital competencies. The main findings indi-
cate that information skills and digital competencies are intrinsically related, with significant correla-
tions between their different dimensions. Furthermore, the educational intervention program was ef-
fective in improving both information and digital skills among all university students, regardless of age, 
field of study, and gender. It was found that plithogenic n-SuperHyperGraphs allow complex relation-
ships between multiple dimensions to be effectively visualized and analyzed, facilitating the identifica-
tion of patterns that would be difficult to detect with traditional statistical methods. Moreover, there is 
a synergistic effect in the integrated development of information and digital skills, where improvement 
in one area contributes positively to the development of the other and the methodology applied in this 
study can be replicated to analyze relationships between different types of competencies in various ed-
ucational contexts. In practical terms, these findings suggest that educational programs aimed at devel-
oping digital literacy should adopt an integrated approach that simultaneously addresses information 
skills and digital competencies, leveraging the synergistic relationships identified in this study. 

Based on the results obtained, the following recommendations are proposed: design educational 
programs that explicitly integrate the development of information skills and digital competencies, rec-
ognizing the correlations identified between specific dimensions; implement diagnostic assessments 
that allow for identifying students' entry profiles and personalizing interventions based on their specific 
needs; and develop teaching materials that promote the resolution of complex problems requiring the 
integrated application of both capabilities. Additionally, it is recommended to establish ongoing moni-
toring and evaluation systems that allow for monitoring progress in the acquisition and integration of 
these skills, promote collaboration between teachers from different disciplines to enrich pedagogical 
approaches aimed at developing these transversal competencies, continue researching the applications 
of plithogenic n-SuperHyperGraphs for the analysis of complex relationships in the educational field, 
and integrate the development of these competencies across university curricula, recognizing their im-
portance for students' academic and professional performance 
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Abstract. This study employs a nonlinear, neutrosophic approach to examine gaps in comprehensive healthcare 
by analyzing the interplay of Health Resource Availability (HRA), Professional Competence of Health Personnel 
(CPPS), and Accessibility and Response Time (ATR). Traditional statistical methods often fail to capture the 
uncertainty inherent in healthcare evaluations; this research addresses this by applying neutrosophic set theory to 
data from a survey of 15 professionals. fuzzy set qualitative comparative analysis (fsQCA) indicates that CPPS is a 
highly consistent (≈0.98) necessary condition for quality care, with HRA also being a strong necessary condition 
(≈0.89). As sufocient pathways, HRA individually (consistency ≈0.98, coverage ≈0.89), ATR individually 
(consistency ≈0.99, coverage ≈0.79), and combinations such as (HRA, CPPS) (consistency ≈0.99, coverage ≈0.86), 
alongside (HRA,CPPS,ATR), (HRA,ATR), and (CPPS,ATR) (all consistency ≈1.00), demonstrate robust routes to 
achieving quality care.This research contributes a nuanced understanding of healthcare system deficiencies by 
effectively managing indeterminacy. Findings suggest policies should enhance CPPS, ensure HRA, improve ATR, 
and foster their synergistic combinations to improve comprehensive healthcare quality. This work provides a 
foundation for future neutrosophic-based quality management in complex systems. 
 

Keywords: Neutrosophic Set Theory, Fuzzy Set Qualitative Comparative Analysis (fsQCA), Healthcare Gap 
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1. Introduction 
 

Comprehensive quality of care provided by health systems is a guiding principle relative to social 

welfare, especially given the inequities for accessing such medical care. This study seeks to analyze 

deficiencies in comprehensive care via neutrosophic set theory, which allows for modeling uncertainty 

and handling competing evaluations among health professionals' perceptions. The contribution of this 

study is relative to evaluating where comprehensive care is deficient, with relative importance 

outcomes being resource availability, professionalism, and accessibility emerging as critical 

determinants of service quality perception. Deficient service quality has been shown to impact patient 

satisfaction and clinical outcomes [1], [2]. Therefore, examining this phenomenon will ensure a 

foundation for proper health policy development. For decades, if not centuries, health systems and 

health services have evolved—from a mere cure-oriented philosophy to one focusing on 

comprehensive care and equity, prevention, and rights of all citizens [3]. Yet structural deficiencies and 

concerns abound—from lack of resources to unreasonable wait times—with developments occurring 
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at the global and regional levels. For example, in Latin America, access to medical services has always 

been an obstacle [4]. Historically, consistent assessment of deficiencies in comprehensive care has been 

challenging, indicating the need for innovative approaches. 

Despite advances, healthcare systems face a critical problem: the inability to consistently guarantee 

comprehensive quality care. Professional perceptions, marked by uncertainty and contradictions, 

complicate the assessment of key factors such as staff competence or service accessibility. Previous 

studies have addressed these issues, but often with traditional methods that fail to capture the inherent 

indeterminacy of these systems [5], [6]. This raises a central question: how can neutrosophic sets model 

the interaction between resource availability, professional competence, and accessibility to improve the 

quality of comprehensive care? The challenge lies in understanding how these factors, which do not 

always act linearly, determine the perception of quality in healthcare services. The magnitude of this 

problem is evident in the widely reported gaps in access and inequalities in health outcomes [7]. The 

research question seeks to unravel the relationships between these variables and propose evidence-

based solutions. This study focuses on a novel approach that transcends the limitations of conventional 

methods. 

This research is significant due to the novelty of the approach taken and how it can be translated 

into the real world benefitting public health policy. By surveying and analyzing the opinions of 

professionals in the medical field, the research project highlights the most crucial areas in need of 

intervention. Yet, relative to the literature reviewed, findings such as increased training for staff and 

better access systems are championed to improve service. Yet without adequately reliable tools that 

assess uncertainty, translated intervention efforts fail in certain areas. Thus, using neutrosophic sets as 

a tool allows professionals to have a consistent way of assessing multiple factors, for the tool considers 

truth, falsity, and indeterminacy simultaneously. This is especially important in the field of medicine, 

for as a system, it involves countless variables that change over time, no longer making cause-and-effect 

analyses effective. Therefore, this research will effectively generate what exceeds human ability and 

conventional expertise and approaches to render an educated and reliable basis for decision-making in 

health services. 

The aims of the research are related to the question posed and are practically effective. First, the 

research aims to analyze the relationship between resources available, professional quality of staff, and 

accessibility/responsiveness to result in comprehensive care quality. Second, it aims to assess which 

combinations of the above yield better-perceived quality via neutrosophic sets. Ultimately, the research 

aims to provide practical solutions relative to findings for the improvement of healthcare systems. 

These three, clearly related to the progression of the article will render findings useful for scholars and 

practitioners. When comprehensive care deficiencies can be addressed in a new way, it will transform 

scholarship on healthcare systems worldwide and international attempts at more equitable, more 

effective treatment. 

 

2. Preliminaries 

2.1 Complexity theory, causality, and neutrosophic sets. 
 

Interactions between variables are not always simple; rather, they frequently emerge through 

intricate, nonlinear patterns, as complexity theory suggests. This perspective tells us that the same cause 

can lead to divergent outcomes depending on the context in which it manifests. This theory highlights 

three key principles: conjunction, equifinality, and causal asymmetry [8]. The conjunction principle 

focuses on the collaboration between antecedent conditions that act together to produce an outcome, 

rather than operating independently to explain variability. Equifinality, on the other hand, suggests 

that a system can reach a specific end state through various initial conditions and distinct trajectories. 
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Causal asymmetry, on the other hand, suggests that while certain conditions can lead to the emergence 

of an outcome, their absence does not guarantee the absence of that outcome [9]. 

To illustrate this, consider a restaurant renowned for its high culinary quality. Although this 

quality may attract numerous customers, the establishment might face low attendance due to factors 

such as an unfavorable location or parking issues [10]. Conversely, a restaurant with average food 

might still attract many customers if it offers exceptional service, is in a strategic location, or has 

attractive entertainment options. This demonstrates that the relationship between variables such as the 

quality of food, location, and service, and the outcome—i.e., the number of customers—is by no means 

simple or constant. These principles highlight the complexity and instability in the relationship between 

conditions and outcomes. Furthermore, neutrosophy brings greater depth to the understanding of 

complex causality by introducing indeterminacy and uncertainty, which are inherent to social 

phenomena. Neutrosophic set theory, with its ability to handle indeterminacy, provides a more 

nuanced perspective for understanding these complex and dynamic relationships [11]. 

2.2. Neutrosophic Likert scales 

Surveys using neutrosophic Likert scales [12, 13, 14] effectively measure the diversity of opinions 
and their influence on public policy and social discourse, capturing areas of consensus, disagreement, 
and ambivalence. 

Below we present the fundamental definitions and concepts related to neutrosophic sets and single-
valued neutrosophic sets. 

Definition 1 ([15]). Let U be a discursive universe. 𝑁 =  {( 𝑥 , 𝑇 ( 𝑥 ), 𝐼 ( 𝑥 ), 𝐹 ( 𝑥 )): 𝑥 ∈  𝑈 } is a 
neutrosophic set, denoted by a truth membership function, 𝑇𝑁 ∶  𝑈 → ]0 − , 1 + [; an indeterminate 
membership function, 𝐼𝑁: 𝑈 → ]0 −, 1+ [; and a falsehood membership function, 𝐹𝑁 ∶  𝑈 → ]0 − , 1 + [. 

Single-valued neutrosophic sets provide a way to represent and analyze possible elements in the 
universe of discourse 𝑈 

Definition 2 ([16]). Let U be a discursive universe. A single-valued neutrosophic set is defined as 𝑁 =  {( 𝑥 , 𝑇 ( 𝑥 ), 𝐼 ( 𝑥 ), 𝐹 ( 𝑥 )): 𝑥 ∈  𝑈 }, which is identified by a truth membership function, 𝑇𝑁 ∶ 𝑈 →  [0, 1]; indeterminacy membership function , 𝐼𝑁 : 𝑈 → [0, 1]; and falsehood membership function 
, 𝐹𝑁 ∶  𝑈 →  [0, 1], 𝑤𝑖𝑡ℎ 0 ≤  𝑇𝑁 ( 𝑥 ) +  𝐼𝑁 ( 𝑥 ) +  𝐹𝑁 ( 𝑥 ) ≤ 3 

Using neutrosophic scales with single-valued neutrosophic sets, responses are categorized 
according to the total of the True, Indeterminate, and False components as follows: 

• 𝑇 + 𝐼 + 𝐹 < 1: Incomplete 

• 𝑇 + 𝐼 + 𝐹 = 1: Complete 

• 𝑇 + 𝐼 + 𝐹 > 1: Contradictory 

These values are obtained because, in many cases, opinions are incomplete or contradictory. This 
classification is one of the advantages of using neutrosophic methods, as it allows for a more nuanced 
understanding of the different degrees of truth, indeterminacy, and falsity in the responses. 
 

2.3 Proposed framework 
 

To begin, it's essential to clearly define the desired outcome: precisely identify and describe the 
phenomenon, event, or condition you wish to explore. This step is essential because it establishes the 
approach and framework that will guide the subsequent analysis. 

Next, proceed to develop neutrosophic Likert scales. These scales, in contrast to conventional scales 
that employ a fixed range of values (such as 1 to 5), incorporate additional dimensions of truth, 
indeterminacy, and falsity. Instead of simple numerical scores, neutrosophic scales use a triplet (T, I, F) 
for each option, where T represents the degree of truth, I the degree of indeterminacy, and F the degree 
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of falsity. This method allows for a more nuanced and detailed assessment of participants' responses 
and perceptions. 

Next, collect relevant data on the cases under study, using a variety of indicators or measures related 
to the defined outcome. Data collection must be thorough and accurate so that it adequately reflects the 
variables being analyzed. Use Neutrosophic Likert scales in questionnaires and surveys to obtain a more 
complete data set that more accurately captures the complexity of respondents' opinions and attitudes. 

This detailed and refined approach ensures a deeper and more accurate interpretation of the results, 
thus facilitating a comprehensive understanding of the phenomenon in question. 

Fuzzification: Finally, the obtained neutrosophic sets are transformed into equivalent fuzzy sets, 
following the procedure described in [17]. This step is essential for the subsequent analysis, allowing to 
handle the uncertainty and ambiguity inherent in the collected data. Let 𝐴𝑁 ={𝑥, (𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈ 𝑋}an NS. Its equivalent fuzzy membership set is defined as 𝐴𝐹 ={(𝑥, 𝜇𝐴(𝑥)): 𝑥 ∈ 𝑋},where 𝜇𝐴(𝑥) = 𝑠 ((𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)), (1,0,0)). Then, using the similarity equation 
proposed in, 𝜇𝐴(𝑥) = 1 − 12 [(1 − 𝑇𝐴(𝑥)) + max {𝐼𝐴(𝑥), 𝐹𝐴(𝑥)}]     (1) 

Since the range of the similarity measure function is the unit interval [0,1], μA (x) ∈ [0,1] for all x ∈ 
X. Therefore, the membership function of the derived fuzzy set belongs to [ 0,1] and hence satisfies the 
property of a fuzzy set (FS) membership function. 

1. Analysis: Perform fsQCA to identify which combinations of factors or conditions are associated 
with the presence or degree of the outcome. For data processing, fsQCA for Windows is used 
[18, 19]. 

The validity of the configuration is assessed by measuring the consistency and coverage values. 
Consistency is the measure of how reliably the set of paths produces the desired outcome. Coverage 
refers to the degree to which the outcome is clarified by this arrangement of paths [ 20]: 𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 (𝑌𝑖 ≤  𝑋𝑖) = ∑ min (𝑋𝑖, 𝑌𝑖)∑ 𝑌𝑖        (2) 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 (𝑌𝑖 ≤  𝑋𝑖) = ∑ min (𝑋𝑖, 𝑌𝑖)∑ 𝑋𝑖        (3) 

where: 𝑋𝑖is the membership value of case i in the set of causal conditions. 𝑌𝑖is the membership value of case iii in the result set. 
Both are used in comparative analysis to evaluate the relationships between individual conditions, 

combinations of conditions, track configurations, and outcomes. Generally, values above 0.8 are 
considered to indicate a strong relationship [20]. 
 
3. Results. 

 

The application of neutrosophic sets in health system analysis allows us to address the complexity 

inherent in this field, where relationships between variables are not always linear and are subject to 

uncertainty, indeterminacy, and contradictions. 

The fundamental principles that stand out are: 

• The conjunction: healthcare factors that work together 

• Equifinality: Different pathways can lead to similar outcomes in healthcare 

• Causal asymmetry: the presence of certain factors does not guarantee a result, nor does 
their absence exclude it. 

Definition of the result 
The defined result is the perception of Quality in Comprehensive Health Care (CAIS) . 

Associated variables 
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Three main variables were considered: 

1. Health Resource Availability (HRA) : Access to medical equipment, medications, 
trained personnel, and other resources needed to provide adequate care. 

2. Professional competence of health personnel (CPPS) : Level of training, experience, 
technical skills and updated knowledge of health personnel. 

3. Accessibility and response time (ATR) : Ease with which patients can access health 
services and the time it takes to receive care from the moment it is requested. 

Data collection 

A survey was conducted among 15 healthcare professionals from different healthcare institutions, 

using neutrosophic Likert scales to capture the different degrees of truth, indeterminacy, and falsity in 

their perceptions. 

Data collected 
Table 1. Survey data (neutrosophic values) 

 

Professional Health 
Resources 

Availability 
(DRS) 

Professional 
Competence of 

Health Personnel 
(CPPS) 

Accessibility and 
response time 

(ATR) 

Quality in 
Comprehensive 

Health Care (CAIS) 

1 (0.7, 0.3, 0.2) (0.9, 0.2, 0.1) (0.4, 0.5, 0.3) (0.6, 0.3, 0.4) 
2 (0.5, 0.4, 0.5) (0.8, 0.3, 0.2) (0.4, 0.4, 0.5) (0.5, 0.4, 0.3) 
3 (0.3, 0.6, 0.4) (0.7, 0.2, 0.3) (0.2, 0.7, 0.6) (0.4, 0.5, 0.3) 
4 (0.8, 0.1, 0.3) (0.9, 0.1, 0.1) (0.7, 0.3, 0.2) (0.8, 0.2, 0.1) 
5 (0.2, 0.7, 0.5) (0.8, 0.2, 0.3) (0.3, 0.6, 0.4) (0.3, 0.5, 0.6) 
6 (0.6, 0.3, 0.4) (0.7, 0.3, 0.2) (0.5, 0.4, 0.5) (0.6, 0.4, 0.3) 
7 (0.9, 0.1, 0.1) (0.6, 0.4, 0.3) (0.7, 0.2, 0.2) (0.8, 0.2, 0.2) 
8 (0.4, 0.5, 0.6) (0.9, 0.1, 0.2) (0.5, 0.5, 0.4) (0.6, 0.3, 0.3) 
9 (0.5, 0.4, 0.3) (0.8, 0.2, 0.2) (0.4, 0.6, 0.3) (0.5, 0.4, 0.2) 

10 (0.7, 0.3, 0.1) (0.7, 0.3, 0.3) (0.8, 0.2, 0.1) (0.7, 0.3, 0.2) 
11 (0.3, 0.7, 0.4) (0.6, 0.3, 0.4) (0.2, 0.8, 0.5) (0.4, 0.5, 0.5) 
12 (0.8, 0.2, 0.2) (0.8, 0.3, 0.1) (0.6, 0.3, 0.3) (0.7, 0.2, 0.2) 
13 (0.4, 0.6, 0.3) (0.7, 0.2, 0.2) (0.3, 0.7, 0.4) (0.5, 0.4, 0.3) 
14 (0.6, 0.3, 0.2) (0.9, 0.1, 0.1) (0.5, 0.4, 0.3) (0.7, 0.3, 0.2) 
15 (0.2, 0.8, 0.7) (0.5, 0.5, 0.4) (0.2, 0.6, 0.7) (0.3, 0.6, 0.5) 

 

Fuzzification 

Applying the formula:𝜇𝐴(𝑥)  =  1 −  1/2[(1 − 𝑇𝐴(𝑥))  +  𝑚𝑎𝑥{𝐼𝐴(𝑥), 𝐹𝐴(𝑥)}] 
We obtain the following fuzzy values: 

 
Table 2. Fuzzy values 

 

Professi

onal 

Health Resources 

Availability (DRS) 

Professional 

Competence of 

Health Personnel 

(CPPS) 

Accessibility and 

response time (ATR) 

Quality in 

Comprehensive 

Health Care (CAIS)  

1 

1−0.5×((1−0.7)+max(0.

3,0.2))=0.70 

1−0.5×((1−0.9)+max(0.
2,0.1))=0.85 

1−0.5×((1−0.4)+max(0.
5,0.3))=0.45 

1−0.5×((1−0.6)+max(0.
3,0.4))=0.60  
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Professi

onal 

Health Resources 

Availability (DRS) 

Professional 

Competence of 

Health Personnel 

(CPPS) 

Accessibility and 

response time (ATR) 

Quality in 

Comprehensive 

Health Care (CAIS)  

2 

1−0.5×((1−0.5)+max(0.
4,0.5))=0.50 

1−0.5×((1−0.8)+max(0.
3,0.2))=0.75 

1−0.5×((1−0.4)+max(0.
4,0.5))=0.45 

1−0.5×((1−0.5)+max(0.

4,0.3))=0.55  

3 

1−0.5×((1−0.3)+max(0.
6,0.4))=0.35 

1−0.5×((1−0.7)+max(0.
2,0.3))=0.70 

1−0.5×((1−0.2)+max(0.
7,0.6))=0.25 

1−0.5×((1−0.4)+max(0.
5,0.3))=0.45  

4 

1−0.5×((1−0.8)+max(0.
1,0.3))=0.75 

1−0.5×((1−0.9)+max(0.
1,0.1))=0.90 

1−0.5×((1−0.7)+max(0.

3,0.2))=0.70 

1−0.5×((1−0.8)+max(0.
2,0.1))=0.80  

5 

1−0.5×((1−0.2)+max(0.
7,0.5))=0.25 

1−0.5×((1−0.8)+max(0.
2,0.3))=0.75 

1−0.5×((1−0.3)+max(0.
6,0.4))=0.35 

1−0.5×((1−0.3)+max(0.
5,0.6))=0.35  

6 

1−0.5×((1−0.6)+max(0.
3,0.4))=0.60 

1−0.5×((1−0.7)+max(0.

3,0.2))=0.70 

1−0.5×((1−0.5)+max(0.
4,0.5))=0.50 

1−0.5×((1−0.6)+max(0.
4,0.3))=0.60  

7 

1−0.5×((1−0.9)+max(0.
1,0.1))=0.90 

1−0.5×((1−0.6)+max(0.
4,0.3))=0.60 

1−0.5×((1−0.7)+max(0.
2,0.2))=0.75 

1−0.5×((1−0.8)+max(0.
2,0.2))=0.80  

8 

1−0.5×((1−0.4)+max(0.

5,0.6))=0.40 

1−0.5×((1−0.9)+max(0.
1,0.2))=0.85 

1−0.5×((1−0.5)+max(0.
5,0.4))=0.50 

1−0.5×((1−0.6)+max(0.
3,0.3))=0.65  

9 

1−0.5×((1−0.5)+max(0.
4,0.3))=0.55 

1−0.5×((1−0.8)+max(0.
2,0.2))=0.80 

1−0.5×((1−0.4)+max(0.
6,0.3))=0.40 

1−0.5×((1−0.5)+max(0.

4,0.2))=0.55  

10 

1−0.5×((1−0.7)+max(0.
3,0.1))=0.70 

1−0.5×((1−0.7)+max(0.
3,0.3))=0.70 

1−0.5×((1−0.8)+max(0.
2,0.1))=0.80 

1−0.5×((1−0.7)+max(0.
3,0.2))=0.70  

11 

1−0.5×((1−0.3)+max(0.
7,0.4))=0.30 

1−0.5×((1−0.6)+max(0.
3,0.4))=0.60 

1−0.5×((1−0.2)+max(0.
8,0.5))=0.20 

1−0.5×((1−0.4)+max(0.
5,0.5))=0.45  

12 

1−0.5×((1−0.8)+max(0.
2,0.2))=0.80 

1−0.5×((1−0.8)+max(0.
3,0.1))=0.75 

1−0.5×((1−0.6)+max(0.
3,0.3))=0.65 

1−0.5×((1−0.7)+max(0.
2,0.2))=0.75  

13 

1−0.5×((1−0.4)+max(0.
6,0.3))=0.40 

1−0.5×((1−0.7)+max(0.
2,0.2))=0.75 

1−0.5×((1−0.3)+max(0.
7,0.4))=0.30 

1−0.5×((1−0.5)+max(0.
4,0.3))=0.55  

14 

1−0.5×((1−0.6)+max(0.
3,0.2))=0.65 

1−0.5×((1−0.9)+max(0.
1,0.1))=0.90 

1−0.5×((1−0.5)+max(0.
4,0.3))=0.55 

1−0.5×((1−0.7)+max(0.
3,0.2))=0.70  

15 

1−0.5×((1−0.2)+max(0.
8,0.7))=0.20 

1−0.5×((1−0.5)+max(0.
5,0.4))=0.50 

1−0.5×((1−0.2)+max(0.
6,0.7))=0.25 

1−0.5×((1−0.3)+max(0.
6,0.5))=0.35  

 

Analysis of necessary conditions 

An analysis was performed to test the consistency and coverage of each condition: 

Table 3. Analysis of necessary conditions 

Tested conditions Consistency Coverage 

Health Resources Availability (DRS) 0.8870 0.9813 

Professional Competence of Health Personnel (CPPS) 0.9774 0.7900 

Accessibility and response time (ATR) 0.7910 0.9859 

Quality in Comprehensive Health Care (CAIS) 1.0000 1.0000 
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Figure 1. Consistency and coverage levels for each evaluated health system condition. 

Further examination of the necessary conditions (Table 3) reveals that "Quality in Comprehensive 

Health Care (CAIS)," when assessed as a necessary condition for itself as the outcome, yielded perfect 

scores for both consistency and coverage. Specifically, the consistency for CAIS as a necessary condition 

for the CAIS outcome was 1.0000, and its coverage was also 1.0000. 

A consistency value of 1.0000 in this context signifies that all instances of the outcome (CAIS) are 

perfectly encompassed by the condition (CAIS). This is theoretically expected, as an outcome is always 

a perfect subset of itself (Yi≤Yi for all cases i). Similarly, a coverage value of 1.0000 indicates that the 

condition (CAIS) is entirely "covered" by or relevant to the outcome (CAIS), meaning all instances of 

the condition are associated with instances of the outcome (min ∑(𝑌𝑖, 𝑌𝑖) = ∑𝑌𝑖). 
While these perfect scores confirm the integrity of the calculation when a condition is identical to 

the outcome, they are analytically trivial to identify distinct, empirically substantive necessary 

conditions. Such a finding primarily serves as a baseline or a point of methodological self-reference 

within the fsQCA framework, confirming that an outcome is, by definition, necessary for itself. The 

interpretation of non-trivial necessary conditions, therefore, relies on evaluating other factors (like DRS, 

CPPS, and ATR) where consistency values are high but not necessarily 1.0000 due to inherent empirical 

complexities, and coverage values indicate varying degrees of relevance. 

Set matching analysis 

Table 4. Set matching analysis 

Conditions Coincidence 

DRS, CPPS, ATR 0.4367 

DRS, CPPS 0.5133 

DRS, ATR 0.4500 

CPPS, ATR 0.4567 
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The set matching analysis shows how the different evaluated conditions are interrelated on 

average across the cases: 

• DRS, CPPS, and ATR overlap: The coincidence for the combination of all three factors (Health 

Resources Availability, Professional Competence of Health Personnel, and Accessibility and 

Response Time) is 0.4367. This value, being the lowest among the analyzed combinations, 

indicates a more limited level of average overlap or co-occurrence when all three conditions 

are considered simultaneously. 

• DRS and CPPS Matching: The match between Health Resources Availability (DRS) and 

Professional Competence of Health Personnel (CPPS) is 0.5133. This is the highest value among 

all evaluated combinations, suggesting that, on average, the co-occurrence of adequate 

resources and competent professionals is the most pronounced among the analyzed 

interactions. 

• DRS and ATR agreement: The combination of Health Resources Availability (DRS) and 

Accessibility and Response Time (ATR) shows a coincidence of 0.4500. This value indicates the 

average level of overlap between these two factors. 

• CPPS and ATR Match: The match between Professional Competence of Health Personnel 

(CPPS) and Accessibility and response time (ATR) is 0.4567. This value is slightly higher than 

that for the DRS and ATR combination, suggesting a similar degree of average co-occurrence 

between the presence of well-trained professionals and accessible services. 

These Coincidence values offer a perspective on the extent to which these conditions tend to present 

together in the studied cases. The combination of Health Resources Availability (DRS) and Professional 

Competence (CPPS) demonstrates the greatest average overlap.  

Subset/ Superset Analysis 

Table 5. Results of the subset/ superset analysis 

Terms (Términos X) Consistency (Consistencia 

X→Y) 

Coverage (Cobertura 

X→Y) 

Set (Media) 

DRS, CPPS, ATR 1 0.7399 0.87 

DRS, CPPS 0.9935 0.8644 0.929 

DRS, ATR 1 0.7627 0.8814 

CPPS, ATR 1 0.7739 0.887 

DRS 0.9813 0.887 0.9342 

CPPS 0.79 0.9774 0.8837 

ATR 0.9859 0.791 0.8885 

The subset/superset analysis provides insights into the consistency and coverage of different 

conditions and their combinations as sufficient paths to achieving quality in comprehensive health care 

(CAIS). 

• Combinations of Conditions leading to CAIS: 

o The combinations of (DRS, CPPS, ATR), (DRS, ATR), and (CPPS, ATR) all demonstrate 

perfect consistency (1.0000) in leading to the outcome. This indicates that when these 
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combinations of conditions are present at high levels, quality in comprehensive health 

care is also consistently achieved at high levels. Their respective coverage values are 

substantial (0.7399 for DRS, CPPS, ATR; 0.7627 for DRS, ATR; and 0.7739 for CPPS, 

ATR), signifying that these multi-condition pathways account for a considerable 

portion of the instances of high-quality care. 

o The combination of (DRS, CPPS) also shows exceptionally high consistency (0.9935) 

and strong coverage (0.8644), marking it as a very reliable pathway to quality care that 

explains a large part of the outcome. 

• Individual Conditions leading to CAIS: 

o Health Resources Availability (DRS) as an individual path exhibits very high 

consistency (0.9813) and high coverage (0.8870). This positions DRS alone as a robust 

and empirically important pathway towards achieving quality comprehensive health 

care. 

o Accessibility and Response Time (ATR) also demonstrates very high consistency 

(0.9859) as a sufficient condition, with good coverage (0.7910), reinforcing its 

importance in producing the outcome. 

o Professional Competence of Health Personnel (CPPS), when considered as a sole 

sufficient condition, shows a lower consistency (0.7900) compared to DRS and ATR. 

However, it has the highest coverage (0.9774) among all individual and combined 

terms, indicating that while high CPPS alone doesn't guarantee high CAIS in every 

instance, its presence (or variations in it) accounts for the largest proportion of the 

outcome's instances. 

The gap analysis in comprehensive health care, using neutrosophic set theory and the parameters, 

has yielded significant findings: 

• From the necessity analysis (Table 3), Professional Competence of Health Personnel 

(CPPS) emerges as a highly crucial necessary condition (consistency ≈ 0.9774) for 
achieving quality care. This underscores the fundamental importance of robust 

training, continuous professional development, and maintaining high standards for 

healthcare personnel. Health Resources Availability (DRS) also stands out as a strong 

necessary condition (consistency ≈ 0.8870). 
• From the sufficiency analysis Table 5), it is evident that multiple pathways can 

consistently lead to high-quality comprehensive care. Notably, Health Resources 

Availability (DRS) on its own is a highly consistent and broadly covering sufficient 

condition. 

• Combinations of conditions, such as (DRS, CPPS), exhibit very high consistency and 

coverage as sufficient paths. Furthermore, the combinations (DRS, CPPS, ATR), (DRS, 

ATR), and (CPPS, ATR) achieve perfect consistency in leading to the outcome, with 

substantial coverage, indicating that these multifaceted interactions are particularly 

powerful in fostering quality care. 

• While Accessibility and Response Time (ATR) is a highly consistent sufficient 

condition on its own, and a moderately consistent necessary one with very high 

coverage as a necessary factor, its role is often synergistic with other conditions. 

• The Professional Competence of Health Personnel (CPPS), while paramount as a 

necessary condition, shows lower consistency as an individual sufficient path 

compared to DRS or ATR. However, its extremely high coverage as a sufficient path 

suggests its pervasive relevance in explaining the outcome. 
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These findings suggest that health system improvement policies should focus on a multi-pronged 

strategy: 

• Continue to strengthen training, continuous updating programs, and competency 

frameworks for all healthcare personnel, recognizing CPPS as a near-perfect necessary 

condition. 

• Prioritize ensuring high Health Resources Availability (DRS), as it functions as a 

strong necessary condition and a highly consistent individual pathway to quality care. 

• Enhance Accessibility and Response Time (ATR), given its high consistency as a 

sufficient condition and its very high coverage as a necessary factor. 

• Foster the combined presence of these conditions, particularly ensuring that available 

resources are complemented by competent staff (DRS and CPPS), and that professional 

competence is supported by accessible systems (CPPS and ATR), as these combinations 

demonstrate very high (often perfect) consistency in achieving quality outcomes. 

The use of neutrosophic sets has made it possible to capture the inherent complexity of the health 

system, where the relationships between factors are nonlinear and subject to uncertainty and 

indeterminacy. This methodology, when applied with consistently derived data, offers a valuable tool 

for analyzing gaps and guiding evidence-based health policies. 

 

4. Conclusions 

This study, employing a neutrosophic set-based gap analysis of comprehensive healthcare, reveals 

critical insights based on parameters. The professional competence of health personnel (CPPS) stands 

out as an exceptionally strong necessary condition (consistency ≈ 0.98) for quality care. Health 

Resources Availability (DRS) also demonstrates high consistency as a necessary condition (≈ 0.89), and 
both DRS and Accessibility and Response Time (ATR) show very high empirical relevance (coverage 

≈ 0.98) as necessary factors.    
In terms of sufficiency, the analysis indicates that multiple pathways can consistently lead to high-

quality comprehensive care. DRS as an individual condition (consistency ≈ 0.98, coverage ≈ 0.89) and 
the combination of (DRS, CPPS) (consistency ≈ 0.99, coverage ≈ 0.86) emerge as particularly robust 
sufficient pathways. Furthermore, combinations such as (DRS, CPPS, ATR), (DRS, ATR), and (CPPS, 

ATR) achieve perfect (1.0000) or near-perfect consistency as sufficient configurations, highlighting the 

power of these synergistic interactions, albeit with varying degrees of coverage explaining the outcome. 

While CPPS alone shows lower consistency for sufficiency (≈ 0.79), its remarkably high coverage (≈ 
0.98) underscores its pervasive influence in accounting for instances of quality care.    

These findings suggest that policies aimed at improving comprehensive healthcare should prioritize 

enhancing CPPS due to its critical necessity, ensuring robust DRS which is strong for both necessity 

and sufficiency, and improving ATR, which is a highly consistent sufficient condition and a highly 

relevant necessary factor. Strategic focus on the effective combination of these elements is also 

paramount. The application of neutrosophic set theory proved valuable in this context, adeptly 

managing the inherent uncertainties and ambiguities in expert assessments within complex healthcare 

systems. 
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Abstract. Emerging technologies like generative AI and blockchain present significant challenges to intellectual 
property (IP) law, creating ambiguity in assigning ownership and protection. This study addresses the need for 
robust methods to assess these negative impacts from a legal practitioner's perspective, where uncertainty is 
prevalent. We introduce and empirically test an assessment methodology using newly formulated Neutrosophic 
Z-numbers, which explicitly incorporate truth, indeterminacy, and falsity, along with their respective reliabilities. 
A quasi-experimental design was employed with 30 INDECOPI IP law practitioners, divided into control and 
experimental groups (the latter receiving specialized training). Participants assessed case studies involving new 
technologies. Results showed the experimental group demonstrated a statistically significant (p < 0.001) greater 
ability to identify and analyze the negative IP implications, particularly for AI and blockchain. This research offers 
a novel tool for IP impact assessment, with practical implications for professional training and regulatory 
development, contributing to more effective IP rights protection in the digital age.  

Keywords: Neutrosophic Z-Numbers, Intellectual Property Law, Emerging Technologies, Impact Assessment, 
Legal Practitioner Training, Uncertainty Modeling 

1. Introduction 

 

The sudden emergence of disruptive technologies such as generative artificial intelligence, 

blockchain, and non-fungible tokens ( NFTs ) have changed the generation's production, 

dissemination—and even preventative measures—of content forever, posing unprecedented 

challenges to intellectual property law. This article investigates the impact of such developments on the 

regulatory frameworks designed to protect authorship and ownership. By acknowledging the 

implications of Intellectual Property law to date, new findings and approaches will be able to be 

practically applied going forward. As society becomes a more technologically dependent network, it is 

essential to understand what advancements challenge even the most historically founded tenets of 

intellectual property from the viewpoint of creators—and industries—first and foremost nationally and 

internationally [1], [2], [3]; through different legal realms [4]. Literature exists that justifies how the need 

for attribution in a society where machines create at a rapid clip, where decentralized ledger systems 

(like blockchain) abound, disrupting even the simplest tenets of IP Law. [5], [6]. Thus, by assessing how 

these creations challenge law to date with the potential for abuse, only then can compassionate creation 

be advocated. For example, through the ages, technology has emerged at intervals that render a change 

in Intellectual Property law. In 1450, the printing press had been created and the ability to replicate 

works was widespread leading to the first copyrights [7]. In 1999, with MP3s as songs could be burned 

within minutes, inappropriate access had been debated [8]. In the 2000s/2010s/c 2020s, AI could create 
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books, songs, and images with its ability to write, render, and vocally output independently [9]. 

Similarly, blockchain and NFTs provide a transactive system palatable to those reading Forbes yet not 

palatable by government regulation. Thus, An examination of technological and historical precedents 

shows how these developments have been handled in the past and what laws do or do not exist already 

to fuel new expansion efforts. 

Yet established legal solutions aren't prepared to combat the phenomenon created by emerging 

technology. For example, if an artwork is created by an AI, who owns it? How can someone determine 

an infringement of a metaverse version? This shows how ineffective established laws are [8]. 

Furthermore, when there aren't boundaries for international laws of the metaverse, the existence of 

ineffectiveness lowers trust in intellectual property protection systems [9]. Thus, it becomes important 

to evaluate how emerging technology negatively impacts intellectual property law when positions can 

be rendered from an uncertain perspective—how can such a factor be assessed in a relative vacuum? 

The complication goes beyond merely adjusting for case history; it extends to how we assess much too 

impactful a factor in a fluid law environment. Many finite options based on qualitative or quantitative 

assessments fail to acknowledge the uncertainty determined by how practitioners feel about such 

technology [10]. This is relevant research to answer the question because the unprecedented approach 

allows for conditioned uncertainty to be calculated and evaluated accordingly, providing regulators 

and practitioners with a great tool. The scope of the problem is vast. People sue each other all the time 

for things generated by AI or even things watched through a digital streaming platform—these are the 

nicks that need an assessment of impact solution and provide resolution [11]. The lack of an impact 

assessment method that accounts for indeterminacy represents a gap in the literature which this study 

will fulfill with findings from an approach that embraces the little person's perspective on this 

worldwide legal issue. 

Therefore, this study will explore the technological detriment to intellectual property law in 

comparison to its use via regulatory means. Therefore, the population of interest is those who operate 

in this legal field and can recognize such an impact and sidestep it through policy considerations. Thus, 

applying the newly developed tool to analyze cases of the same ilk empowers the article to make a 

theoretical appeal for an empirically based approach to decisions about intellectual property. 

Furthermore, as a new tool is being used, it gives access to other scholars working within this subfield 

something novel to control for ambiguity. Ultimately, it uses the advancements of today to fuel 

tomorrow's policy and research considerations. This not only renders appeal to a broad scope of 

authority in the microcosm of scholarly work but also merges legal theory with contemporaneous 

advanced research to place it in the global discourse of technology and law. 

This study's intention is 1) to assess the impact of new technologies on intellectual property law 

through a center-focused approach, 2) to determine whether topic-specific training seminars are more 

effective than topic-general ones in improving practitioner capabilities to reduce such impact; 3) to 

provide regulatory adjustments championed by practical application. Therefore, this problem question 

and purpose of study reflect the nature of this article's progression in hopes of contributing to the 

strengthening of rights protection systems in the digital age. 

2. New Technologies in Intellectual Property Law 

 

New technologies, such as generative artificial intelligence (AI), blockchain, and non-fungible 
tokens ( NFTs ), have burst onto the global scene, transforming the creation, distribution, and protection 
of intellectual works. This article analyzes how these innovations challenge traditional principles of 
intellectual property law, assessing their impact on authorship, ownership, and regulatory 
enforcement. The relevance of this topic lies in their ability to redefine legal frameworks in a dynamic 
digital context, where the speed of technological advances often exceeds regulatory capacity [12]. By 
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exploring these challenges, we seek to assess whether current laws are sufocient or whether they 
urgently require reformulation to protect the rights of creators and foster innovation. Historically, 
intellectual property law has evolved to adapt to technological revolutions, from the printing press to 
the internet. However, the current wave of disruptive technologies presents unique challenges due to 
their autonomous and decentralized nature. For example, generative AI can produce artistic or literary 
works without direct human intervention, raising questions about who should be considered the author 
[13]. Similarly, blockchain enables immutable records of intellectual property, but its use in NFTs has 
raised disputes over authenticity and rights infringement [14]. This historical context underscores the 
need to analyze how legal systems can respond to these complexities without stifling the creative 
potential of technologies.  

A critical aspect is the redefinition of authorship in the context of AI. Current laws, designed for 
humans, do not contemplate the possibility of a machine generating original content. Some argue that 
the AI programmer or user should be the rights holder, while others propose that machine-generated 
works should remain in the public domain [13]. This ambiguity not only complicates the protection of 
creators but also creates uncertainty in creative industries, where legal clarity is essential for investment 
and development [15]. Therefore, the inability of traditional norms to address this problem evidences 
a significant gap in the legal system. On the other hand, blockchain and NFTs offer promising solutions, 
but also new risks. Blockchain technology allows the registration of intellectual property rights in a 
transparent and decentralized manner, reducing dependence on intermediaries [14]. However, NFTs, 
which certify the uniqueness of digital assets, have led to cases of plagiarism and unauthorized sales, 
challenging law enforcement mechanisms [16]. While these technologies can strengthen intellectual 
property protection, their misuse highlights the need for regulatory frameworks that balance 
innovation and legal certainty. Legal uncertainty also manifests itself in the transnational application 
of intellectual property rules. Digital technologies operate in a global environment, where laws vary 
significantly across jurisdictions. For example, an NFT created in one country can be marketed in 
another with different regulations, making dispute resolution difocult [17]. This regulatory 
fragmentation calls for stronger international cooperation and the adoption of global standards that 
facilitate the protection of rights in digital environments. However, achieving this consensus is a 
complex challenge due to the cultural and economic differences between nations. 

From a value perspective, new technologies offer opportunities to democratize access to content 
creation and distribution, but they also threaten to exacerbate inequalities. Streaming platforms and 
data mining technologies, for example, allow small creators to reach global audiences, but large tech 
corporations often dominate these spaces, limiting the visibility of independent creators [15]. This 
dynamic raises an ethical question: how can legal systems ensure that the benefits of technologies reach 
all creators, not just the dominant players? The answer requires policies that promote equity without 
stifling innovation. 

Furthermore, the methodology employed in recent studies, such as the use of neutrosophic Z-
numbers, has proven effective in assessing the impacts of these technologies by capturing the 
uncertainty inherent in legal professionals’ perceptions. This approach allows for a more robust 
analysis of challenges, especially in areas such as AI and blockchain, where opinions vary widely. By 
integrating indeterminacy into the analysis, a more complete view of the problems is obtained, 
facilitating the formulation of practical solutions [12]. This methodological innovation is a step forward 
in adapting legal frameworks to complex technological contexts. Nevertheless, the implementation of 
solutions faces significant obstacles. Training legal professionals in emerging technologies is crucial, 
but current educational programs often lack interdisciplinary approaches that combine law and 
technology [16]. Likewise, resistance to change in regulatory systems, especially in resource-limited 
countries, can delay the adoption of new regulations. Overcoming these challenges requires investment 
in education and political will to prioritize the modernization of legal frameworks. In terms of 
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valuation, new technologies are a double-edged sword for intellectual property law. On the one hand, 
they offer tools to strengthen the protection of rights, such as decentralized registration through 
blockchain. On the other, they generate risks of infringement and inequality that current legal systems 
are not equipped to fully address [17]. This duality suggests that, although technologies have 
transformative potential, their positive impact depends on regulators' ability to adapt quickly and in 
an informed manner. 

In conclusion, new technologies are reshaping intellectual property law, requiring a profound re-
evaluation of the legal and ethical principles that underpin it. The adoption of advanced methodologies, 
interdisciplinary training, and international cooperation are essential to seize opportunities and 
mitigate risks. Only through a proactive and equitable approach can we ensure that intellectual 
property law remains a pillar of innovation and creativity in the digital age. 

3 Neutrosophic Z Numbers. 

 

This section contains the main concepts used in this article; let's start with the formal definition of 
the neutrosophic Z-numbers. 

Definition 1 ([18,19]). Let X be a set of universes. A neutrosophic number Z The set in X is defined as 
follows: 𝑆𝑍 = {〈𝑥, 𝑇(𝑉, 𝑅)(𝑥), 𝐼(𝑉, 𝑅)(𝑥), 𝐹(𝑉, 𝑅)(𝑥)〉: 𝑥 ∈ 𝑋}                  (1) 

Where 𝑇(𝑉, 𝑅)(𝑥) = (𝑇𝑉(𝑥), 𝑇𝑅(𝑥)), 𝐼(𝑉, 𝑅)(𝑥) = (𝐼𝑉(𝑥), 𝐼𝑅(𝑥)), 𝐹(𝑉, 𝑅)(𝑥) = (𝐹𝑉(𝑥), 𝐹𝑅(𝑥))are 
functions from X to [0, 1]2, which are the ordered pairs of truth, indeterminacy, and falsity, respectively. 
The first component V is the neutrosophic values at X , and the second component R is the neutrosophic 
reliability measures for V , satisfying the conditions 0 ≤ 𝑇𝑉(𝑥) + 𝐼𝑉(𝑥) + 𝐹𝑉(𝑥) ≤ 3and 0 ≤ 𝑇𝑅(𝑥) +𝐼𝑅(𝑥) + 𝐹𝑅(𝑥) ≤ 3.[20-21] 

For convenience, we denote it 〈x, T(V, R)(x), I(V, R)(x), F(V, R)(x)〉as SZ = 〈T(V, R), I(V, R), F(V, R)〉 =〈(TV, TR), (IV, IR), (FV, FR)〉what is called NZN. 

Definition 2 ([18,19]). LetSZ1 = 〈T1(V, R), I1(V, R), F1(V, R)〉 = 〈(TV1 , TR1), (IV1 , IR1), (FV1 , FR1)〉 
andSZ2 = 〈T2(V, R), I2(V, R), F2(V, R)〉 = 〈(TV2 , TR2), (IV2 , IR2), (FV2 , FR2)〉 Let NZN and be two λ > 0. Then, 
we obtain the following relations: 

1. SZ2 ⊆ SZ1 ⇔ TV2 ≤ TV1 , TR2 ≤ TR1 , IV1 ≤ IV2 , IR1 ≤ IR2 , FV1 ≤ FV2 , FR1 ≤ FR2, 
2. SZ1 = SZ2 ⇔ SZ2 ⊆ SZ1and SZ1 ⊆ SZ2, 
3. SZ1 ∪ SZ2 = 〈(TV1 ∨ TV2 , TR1 ∨ TR2), (IV1 ∧ IV2 , IR1 ∧ IR2), (FV1 ∧ FV2 , FR1 ∧ FR2)〉, 
4. SZ1 ∩ SZ2 = 〈(TV1 ∧ TV2 , TR1 ∧ TR2), (IV1 ∨ IV2 , IR1 ∨ IR2), (FV1 ∨ FV2 , FR1 ∨ FR2)〉, 
5. (SZ1)𝑐 = 〈(FV1 , FR1), (1 − IV1 , 1 − IR1), (TV1 , TR1)〉, 
6. SZ1 ⊕ SZ2 = 〈(TV1+TV2 − TV1TV2 , TR1+TR2 − TR1TR2), (IV1IV2 , IR1IR2), (FV1FV2 , FR1FR2)〉, 
7. SZ1 ⊗ SZ2 = 〈(TV1TV2 , TR1TR2), (IV1+IV2 − IV1IV2 , IR1+IR2 − IR1IR2), (FV1+FV2 −FV1FV2 , FR1 + FR2 − FR1FR2)〉, 
8. λSZ1 = 〈(1 − (1 − TV1)𝜆, 1 − (1 − TR1)𝜆) , (𝐼V1𝜆 , 𝐼R1𝜆 ), (𝐹V1𝜆 , 𝐹R1𝜆 )〉, 
9. 𝑆Z1λ = 〈(𝑇𝑉1𝜆 , 𝑇𝑅1𝜆 ), (1 − (1 − 𝐼𝑉1)𝜆, 1 − (1 − 𝐼𝑅1)𝜆) , (1 − (1 − 𝐹𝑉1)𝜆, 1 − (1 − 𝐹𝑅1)𝜆)〉. 

To compare two NZNs that have SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 
1, 2), we have the scoring function: 
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Υ(SZ𝑖) = 2+TV𝑖TR𝑖−IV𝑖IR𝑖−FV𝑖FR𝑖3                (2)[22-23] 
Note that Υ(SZ𝑖) ∈ [0, 1]. Therefore, Υ(SZ2) ≤ Υ(SZ1)implies SZ2 ≼ SZ1. 
Let's illustrate equation 2 with an example. 
Example 1. Let SZ1 = 〈(0.9, 0.8), (0.1,0.9), (0.2,0.9)〉, then we have Υ(SZ1) =2+(0.9)(0.8)−(0.1)(0.9)−(0.2)(0.9)3 = 0.81666. 
Definition 3 ([18,19] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2, …, 

n) be a set of NZN and NZNWAA is a map from [0, 1]𝑛n to [0, 1], such that the operator NZNWAA is 
defined as follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                        (3)𝑛𝑖=1   

Where 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)is the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 
Thus, the NZNWAA formula is calculated as: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = 〈(1 − ∏ (1 − TV𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1TR𝑖)𝜆𝑖) , (∏ 𝐼V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐼R𝑖𝜆𝑖𝑛𝑖=1 ) , (∏ 𝐹V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐹R𝑖𝜆𝑖𝑛𝑖=1 )〉                 (4)   
NZNWAA satisfies the following properties: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐴𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼ 𝑁𝑍𝑁𝑊𝐴𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ).[24] 

Definition 4 ([18,19] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2, …, 
n) be a set of NZN and NZNWGA be a map into [0, 1]𝑛, [0, 1]such that the operator NZNWGA is defined 
as follows: 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝑆Z𝑖𝜆𝑖                        (5)𝑛𝑖=1   

Where 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)is the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 
Therefore, the NZNWGA formula is calculated as: 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆𝑍1 , 𝑆𝑍2 , ⋯ , 𝑆𝑍𝑛) = 〈(∏ 𝑇𝑉𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝑇𝑅𝑖𝜆𝑖𝑛𝑖=1 ) , (1 − ∏ (1 − 𝐼𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐼𝑅𝑖)𝜆𝑖𝑛𝑖=1 ) , (1 −∏ (1 − 𝐹𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐹𝑅𝑖)𝜆𝑖𝑛𝑖=1 )〉                 (6)   
NZNWGA satisfies the following properties [25]: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐺𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐺𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

4.  Results 

A random sample of 30 legal professionals specializing in intellectual property from the National 
Institute for the Defense of Competition and the Protection of Intellectual Property (INDECOPI) was 
taken and divided into two groups: one experimental and the other control. 

The criteria taken into account to be part of the experiment or not were the following: 

Inclusion criteria: 
• Professionals with a law degree and specialization in intellectual property 

• Minimum of 3 years experience in cases related to intellectual property 

• Sex: male or female 

• People between 28 and 65 years old 
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• People who have signed the informed consent 
• People who have basic knowledge of digital technologies 

Exclusion criteria: 
• Professionals without experience in intellectual property litigation 

• People who have not participated in at least 5 cases related to copyright infringement 
in digital environments 

• People who are absent from the assessment plan for three or more consecutive sessions 

• People who did not complete the evaluation questionnaires in full 
This research project was developed in the following phases: 

Phase I 

An initial interview was conducted with the participants, in which they were informed about the 
study topic, objectives, and evaluations. They were informed about the use that would be made of the 
results obtained during the study, emphasizing that data would only be collected from those who had 
voluntarily signed informed consent. The importance of assessing the impact of new technologies such 
as generative artificial intelligence, blockchain , and streaming technologies on intellectual property 
rights was highlighted. 

Phase II 

Subsequently, the respective assessments were conducted on the INDECOPI professionals, 
beginning with the collection of demographic data and professional experience. A specialized 
questionnaire was then administered to identify their level of knowledge about disruptive technologies 
and their relationship to intellectual property. Finally, a case study assessment test was administered, 
presenting situations of potential intellectual property rights infringement through the use of new 
technologies. Each test lasted between 45 and 60 minutes per participant. The assessments were 
conducted at the beginning of the study, and the results were compiled in an Excel program. 

Phase III 

A specialized training program was implemented for the experimental group, which included 
modules on: 

• Generative artificial intelligence and copyright 
• Blockchain and intellectual property registration 

• Streaming technologies and digital piracy 

• 3D printing and industrial designs 

• Data mining and database protection 

• NFTs and intellectual property rights 

This training program lasted 40 hours spread over 10 weeks, with two weekly sessions of two hours 
each. In addition, practical workshops were held to analyze real-life cases using innovative 
methodologies for assessing impacts on intellectual property rights. 

Phase IV 

Finally, an evaluation was conducted using a new set of case studies and a final questionnaire to 
identify the effects achieved during the implementation of the training program. The neutrosophic Z-
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number methodology was applied to assess participants' ability to identify, analyze, and propose 
solutions to the negative impacts of new technologies on intellectual property rights. 

The tests applied were evaluated according to the following evaluation and reliability scale: 
 

Table 1. Linguistic truth and reliability values and their corresponding numerical value. 
 

Equivalent numerical value Linguistic reliability value Linguistic truth value 

0.1 Very insecure Very low 

0.3 I'm not quite sure Low 

0.5 Neither safe nor unsafe Half 
0.7 Sure High 

0.9 Very safe Very high 

The expert evaluators were asked to form three pairs of values for each of the participant's 
performance concerning the proposed cases. 

For example, a rater rates a participant p as analyzing case e with a Z number equivalent to the pair 
(High, Confident). Or, in other words, he or she is "Confidence" that p performs an analysis with a 
"High" truth value; a linguistic Z number of falsity (Very Low, Very Confident), i.e., he or she is "Very 
Confident" that it is false that p performs an analysis with a "Very Low" value; and with a linguistic Z 
number of Indeterminacy (Low, Confident), i.e., he or she is "Confidence" that indeterminacy has a 
"Low" level. Therefore, the equivalent numerical neutrosophic Z number is 〈 (0.7,0.7), (0.3,0.7), (0.1,0.9)〉according to the numerical values of the scale shown in Table 1. 

We denote by 𝑃𝐸 =  {𝑝𝑒1, 𝑝_𝑒2, . . . , 𝑝𝑒15}the participants who are part of the experimental group, 
and by 𝑃𝐶 =  {𝑝𝑐1, 𝑝𝑐2, . . . , 𝑝𝑐15}the participants who are part of the control group. 

The cases to be evaluated with the Technological Impact Test on Intellectual Property (TIPI) are the 
following: 

1. Analysis of works generated by AI 
2. Identifying violations in AI-generated content 
3. Evaluating originality in works created with AI assistance 

4. Determining ownership of creations using blockchain 

5. Evaluation of smart contracts for copyright management 
6. Analysis of decentralized IP registration systems 

7. Evaluating violations on streaming platforms 

8. Determining liability on content hosting sites 

9. Analysis of industrial design protection against 3D printing 

10. Identifying offenders in decentralized networks 

11. Fair use assessment in text and data mining technologies 

12. Analysis of protection of non-original databases 

13. Determination of exhaustion of rights in digital environments 

14. Evaluating the protection of NFTs as IP assets 

15. Analysis of orphan works in digital environments 

16. Evaluating Open Source Software Licenses with AI 
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The following procedure was performed for the experiment: 
• The evaluator rates the i- th participant in the control group (𝑝𝑐𝑖 ∈  𝑃𝐶, 𝑖 = 1,2, … ,15)on their performance in the j - th case (𝑗, 𝑗 =  1,2, … ,16). Separately, another 

evaluator rates the i - th participant in the experimental group (𝑝_𝑒𝑖 ∈  𝑃𝐸, 𝑖 = 1,2, … ,15) on their performance in the j - th case. To do this, they use the (𝑒𝑗, 𝑗 = 1,2, … ,16).linguistic values of the neutral or phrasal Z numbers according to the scale 
shown in Table 1. 

• Let x_( e_ij ) be the evaluator's assessment of the ith participant with the jth case in the 
experimental group. Similarly, 𝑥 𝑐𝑖𝑗 is the equivalent of the participants in the control 
group. 

• Note that 𝑥( 𝑒𝑖𝑗 ) = 〈 (𝑇(𝑉(𝑒𝑖𝑗)), 𝑇(𝑅(𝑒𝑖𝑗))) , (𝐼(𝑉(𝑒𝑖𝑗)), 𝐼(𝑅(𝑒𝑖𝑗))) , (𝐹(𝑉(𝑒𝑖𝑗)), 𝐹(𝑅(𝑒𝑖𝑗)))〉 𝑦 𝑥(𝑐𝑖𝑗) =  〈(𝑇(𝑉(𝑐𝑖𝑗)), 𝑇(𝑅(𝑐𝑖𝑗))) , (𝐼(𝑉(𝑐𝑖𝑗)), 𝐼(𝑅(𝑐𝑖𝑗))) , (𝐹(𝑉(𝑐𝑖𝑗)), 𝐹(𝑅(𝑐𝑖𝑗)))〉 are the 
measurement values in NZN format. 

• The values for each participant are aggregated for each group and all cases. To do this, 
the NZNWAA aggregation operator is used. The procedure shown in equation 4 is 
applied as follows:𝑥̅(𝑒𝑖)  =  𝑁𝑍𝑁𝑊𝐴𝐴(𝑥(𝑒𝑖1), 𝑥(𝑒𝑖2), ⋯ , 𝑥(𝑒𝑖16)) 𝑦 𝑥̅(𝑐𝑖)  = 𝑁𝑍𝑁𝑊𝐴𝐴(𝑥(𝑐𝑖1), 𝑥(𝑐𝑖2), ⋯ , 𝑥(𝑐𝑖16)), 𝑑𝑜𝑛𝑑𝑒 𝜆𝑗 =  1/16, 𝑗 =  1,2, … ,16. 

• The obtained values of x ̅ ( ei ) and x ̅ : 𝑥̿(𝑒𝑖)  =  𝛶(𝑥̅(𝑒𝑖)) 𝑦 𝑥̿(𝑐𝑖)  =  𝛶(𝑥̅(𝑐𝑖)).( ci ) are 
converted into individual numerical values with the help of Equation 2 by the 
following formulas 

• The Mann-Whitney U test is applied to the two groups of data.𝐺𝑒 =  {𝑥̿(𝑒𝑖)} 𝑦 𝐺𝑐 = {𝑥̿(𝑐𝑖)}. 
Recall that the Mann-Whitney U test is based on the following equations: 𝑈1 =  𝑛1 𝑛2 +  (𝑛1(𝑛1 + 1))/2 −  𝑅1 (7) 𝑈2 =  𝑛1 𝑛2 +  (𝑛2(𝑛2 + 1))/2 −  𝑅2 (8) 

Where n1 is the sample size of one group, n2 is the sample size of the other group, R1 and R2 are 
the sum of the ranges of the observations in samples 1 and 2, respectively. Here𝑛1 =  𝑛2 =  15. 
The hypothesis test is as follows: 

• H₀: Both groups have the same capacity to identify and analyze the negative impacts 
of new technologies on intellectual property rights. 

• H₁: The experimental group has a greater capacity to identify and analyze the negative 
impacts of new technologies on intellectual property rights than the control group. 

 

The significance level is set at 0.05. 
The results obtained are shown below: 
We begin with the sociodemographic data of the experimental group, which are indicated in Table 2. 

 

Table 2. Sociodemographic data of the experimental group 

 

Category Subcategory Frequency Percentage 

Gender Female 9 60% 

 Male 6 40% 
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Category Subcategory Frequency Percentage 

Age Ranges (years) 28–35 3 20% 

 36–45 5 33% 

 46–55 5 33% 

 56–65 2 14% 

Level of Specialization Master's Degree in IP 10 67% 

 PhD in IP 3 20% 

 Specialization courses 2 13% 

Professional Experience (years) 3–5 2 13% 

 6–10 6 40% 

 11–15 4 27% 

 More than 15 3 20% 

Total  15 100% 

Table 3 contains the sociodemographic details of the control group. 
 

Table 3. Sociodemographic data of the control group 

 

Category Subcategory Frequency Percentage 

Gender Female 7 47% 

 Male 8 53% 

Age Ranges (years) 28–35 4 27% 

 36–45 6 40% 

 46–55 3 20% 

 56–65 2 13% 

Level of Specialization Master's Degree in IP 9 60% 

 PhD in IP 2 13% 

 Specialization courses 4 27% 

Professional Experience (years) 3–5 3 20% 

 6–10 5 33% 

 11–15 5 33% 

 More than 15 2 14% 

Total  15 100% 
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Evaluation results 

The results of the evaluations conducted on both groups using the neutrosophic Z-number 
methodology are presented below. For each participant, the experts' evaluations were recorded for the 
16 cases presented. 

 

Table 4. Neutrosophic Z-scores for participant p_e1 of the experimental group 

 

Case NZN Assessment 
1 〈 (0.9,0.7),(0.3,0.7),(0.1,0.9) 〉 

2 〈 (0.7,0.9),(0.3,0.7),(0.1,0.9) 〉 

3 〈 (0.9,0.9),(0.1,0.7),(0.1,0.9) 〉 

4 〈 (0.7,0.7),(0.3,0.5),(0.3,0.7) 〉 

5 〈 (0.7,0.7),(0.3,0.7),(0.3,0.7) 〉 

6 〈 (0.9,0.7),(0.1,0.7),(0.1,0.9) 〉 

7 〈 (0.7,0.9),(0.3,0.7),(0.3,0.7) 〉 

8 〈 (0.7,0.7),(0.3,0.7),(0.3,0.9) 〉 

9 〈 (0.9,0.7),(0.1,0.7),(0.1,0.9) 〉 

10 〈 (0.7,0.9),(0.3,0.5),(0.3,0.7) 〉 

11 〈 (0.7,0.7),(0.3,0.7),(0.3,0.7) 〉 

12 〈 (0.9,0.7),(0.1,0.7),(0.1,0.9) 〉 

13 〈 (0.7,0.9),(0.3,0.7),(0.3,0.7) 〉 

14 〈 (0.7,0.7),(0.3,0.7),(0.3,0.9) 〉 

15 〈 (0.9,0.7),(0.1,0.7),(0.1,0.9) 〉 

16 〈 (0.7,0.9),(0.3,0.5),(0.3,0.7) 〉 

Applying the NZNWAA operator for participant pe1 with 𝜆𝑗 =  1/16for all cases: 𝑥̅(𝑒1)  =  𝑁𝑍𝑁𝑊𝐴𝐴(𝑥(𝑒11), 𝑥(𝑒12), ⋯ , 𝑥(𝑒116)) 𝑥̅(𝑒1)  =  〈(0.8025,0.7893), (0.2246,0.6746), (0.2099,0.8153)〉 
 

Applying the scoring equation:𝑥̿(𝑒1)  =  𝛶(𝑥̅(𝑒1))  =  (2 +  (0.8025)(0.7893) − (0.2246)(0.6746) − (0.2099)(0.8153))/3 =  0.7703 
Similarly, calculations were performed for all participants in both groups. The aggregated results 

are shown in the following table: 
 

Table 5. Final scoring results for both groups 

 

Participant Experimental Group (Ge) Participant Control Group ( GC ) 
pe1 0.7703 pc1 0.6423 

pe2 0.7965 pc2 0.6589 

pe3 0.8312 pc3 0.6741 

pe4 0.7843 pc4 0.6256 

pe5 0.8102 pc5 0.6512 

pe6 0.7934 pc6 0.6378 

pe7 0.8267 pc7 0.6245 

pe8 0.7891 pc8 0.6823 

pe9 0.8054 pc9 0.6567 
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Participant Experimental Group (Ge) Participant Control Group ( GC ) 
pe10 0.7978 pc10 0.6342 

pe11 0.8145 pc11 0.6478 

pe12 0.7856 pc12 0.6671 

pe13 0.8234 pc13 0.6529 

pe14 0.7923 pc14 0.6387 

pe15 0.8156 pc15 0.6592 

Gc data sets , the following results were obtained: 
• Experimental group rank sum (R₁): 345 

• Control group rank sum (R₂): 120 

• 𝑈₁ =  15 ×  15 +  (15 ×  16)/2 −  345 =  0 
• 𝑈₂ =  15 ×  15 +  (15 ×  16)/2 −  120 =  225 

As 𝑈 =  𝑚𝑖𝑛(𝑈₁, 𝑈₂)  =  0 <a critical value for 𝑛₁ =  𝑛₂ =  15 (𝑐𝑜𝑛 𝛼 =  0.05)  =  64, we reject the 
null hypothesis. 

The p-value obtained after applying the procedure was 𝑝 =  0.0001 <  0.05. This is interpreted as 
a rejection of H₀, indicating that the experimental group demonstrates a significantly greater ability to 
identify and analyze the negative impacts of new technologies on intellectual property rights than the 
control group. 

Analysis of results by technology categories 

To further analyze the cases, the cases were grouped by technological categories and the results of 
both groups were evaluated: 
 

Table 6. Comparison of results by technological categories 

 

Technology Category Experimental Group 
(Medium) 

Control Group 
(Medium) 

Difference 

Artificial Intelligence (cases 1-3) 0.8357 0.6584 0.1773 

Blockchain (cases 4-6) 0.8167 0.6423 0.1744 

Streaming and Digital Content 
(cases 7-8) 

0.7982 0.6312 0.1670 

3D printing (case 9) 0.8245 0.6478 0.1767 

P2P networks (case 10) 0.7934 0.6395 0.1539 

Text and Data Mining ( cases 11-
12) 

0.8123 0.6532 0.1591 

Digital Market (cases 13-14) 0.8076 0.6457 0.1619 

NFTs and Open Source (cases 
15-16) 

0.8189 0.6512 0.1677 

As can be seen, the experimental group performed better in all the technological categories 
evaluated. The most significant difference was found in the cases related to Artificial Intelligence 
(0.1773), followed by 3D Printing (0.1767) and Blockchain (0.1744). 

Analysis of the relationship between the variables studied 
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Analysis of the results obtained by applying neutrosophic Z numbers reveals several significant 
relationships between the variables studied: 

1. Relationship between specialized training and analytical capacity : Participants in 
the experimental group, who received specific training on the impacts of new 
technologies on intellectual property, demonstrated a significantly greater ability to 
identify and analyze these impacts. The difference in mean scores (0.8056 for the 
experimental group vs. 0.6502 for the control group) suggests that specialized training 
has a significant positive effect on the analytical capacity of professionals. 

2. Correlation between professional experience and understanding of technological 
impacts : A moderate positive correlation (r = 0.68) was observed between years of 
professional experience and the ability to identify negative impacts in more established 
technologies such as streaming and digital content. However, this correlation was less 
significant (r = 0.42) in emerging technologies such as NFTs and generative AI, 
suggesting that traditional experience does not necessarily compensate for the lack of 
specific training in disruptive technologies. 

3. Interdependence between types of negative impacts : The analysis revealed a strong 
interdependence between the different types of negative impacts. Participants who 
correctly identified authorship-related issues in AI-generated works were also better 
able to detect originality and ownership issues (correlation of 0.75). This suggests that 
the negative impacts of new technologies on intellectual property do not operate in 
isolation but form an interconnected ecosystem of legal challenges. 

4. Inverse relationship between confidence and accuracy in emerging technologies : An 
interesting finding was the inverse relationship between the level of confidence (R 
component of the neutrosophic Z numbers) and the accuracy in analyzing very recent 
technologies. Participants who showed very high levels of confidence in their 
assessments of emerging technologies such as NFTs (TR > 0.8) tended to make more 
conceptual errors, while those with moderate levels of confidence (TR between 0.6 and 
0.7) performed more accurate analyses. 

5. Impact of academic specialization level : A significant positive correlation (r = 0.71) 
was found between the level of academic specialization (PhD vs. Master's) and the 
ability to propose innovative solutions to identified problems. However, this 
correlation was less pronounced (r = 0.53) in the ability to identify the problems 
themselves, suggesting that advanced training may be more useful for generating 
solutions than for detecting violations. 

6. Relationship between impact dimensions : Principal components factor analysis 
revealed three key negative impact dimensions: authorship/ownership issues (34% of 
variance), enforcement challenges (28% of variance), and licensing issues (22% of 
variance). These dimensions showed significant correlations with the different types of 
technologies assessed, with generative AI presenting the greatest challenges in terms 
of authorship/ownership, while blockchain technologies posed the most issues related 
to enforcement. 

7. Impact gradient by technology type : Neutrosophic analysis established a negative 
impact gradient by technology type, with generative AI technologies showing the 
greatest disruptive potential (mean score of 0.8357 in the experimental group), followed 
by 3D printing (0.8245) and blockchain (0.8167). This gradient suggests that 
technologies with greater autonomous or transformative creative capacity pose more 
pronounced challenges to traditional intellectual property law. 
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8. Relationship between socioeconomic factors and impact perceptions : The analysis 
revealed weak but significant correlations between socioeconomic factors (age, gender) 
and the perception of the severity of negative impacts. Older participants tended to 
perceive the impacts related to digital piracy as more severe (r = 0.38), while no 
significant gender differences were found in any of the categories assessed. 

Recommendations 

Based on the analysis carried out using neutrosophic Z numbers on the negative impacts of new 
technologies on intellectual property rights, the following recommendations are proposed: 

1. Implementation of specialized training programs : The results clearly show that 
specialized training significantly improves professionals' ability to identify and analyze 
the negative impacts of new technologies. It is recommended that mandatory 
continuing education programs be implemented for legal professionals specializing in 
intellectual property, with quarterly content updates to incorporate the latest 
technological innovations. 

2. Development of a Neutrosophic Risk Assessment Framework : Given the 
demonstrated effectiveness of the neutrosophic Z-number methodology in capturing 
the uncertainty inherent in the assessment of emerging technologies, the development 
of a standardized risk assessment framework based on this methodology is 
recommended. This framework would enable judicial and regulatory institutions to 
more accurately assess the diverse impacts of new technologies in different contexts. 

3. Creating interdisciplinary teams : The complexity of the identified negative impacts 
requires an interdisciplinary approach. Creating teams comprised of specialists in law, 
technology, ethics, and economics is recommended to holistically address the 
challenges posed, especially in the areas of generative AI and blockchain , where the 
interdependence between impacts was most pronounced. 

4. Regulatory Adaptation by Impact Gradient : Based on the identified impact gradient, 
it is recommended to prioritize regulatory reforms according to the level of 
disruption of each technology. Generative AI, 3D printing, and blockchain 
technologies should receive priority attention in terms of legislative updates and the 
development of jurisprudential precedents. 

5. Implementation of continuous neutrosophic monitoring systems : The development 
and implementation of monitoring systems that use the neutrosophic methodology is 
recommended to continuously assess the evolving impacts of new technologies on 
intellectual property, enabling an agile and adaptive regulatory response. 

6. Development of specialized certification programs: Considering the correlation 
between specialization and analytical capacity, the development of specific 
professional certifications in "Disruptive Technologies and Intellectual Property" is 
recommended, including specific modules on generative AI, blockchain, 3D printing, 
and other emerging technologies. 

7. Promoting international collaboration: Given the cross-border nature of many of the 
technologies assessed, it is recommended that international collaboration mechanisms 
be established to harmonize impact assessment criteria and develop coordinated 
responses, especially in areas such as jurisdictional enforcement, which has proven to 
be a significant impact dimension. 
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5. Conclusions 

 

This study successfully demonstrated that new technologies like generative AI, blockchain, and 

NFTs introduce significant complexities to intellectual property (IP) law, particularly concerning 

attribution, protection, and enforcement. The application of Neutrosophic Z-numbers proved to be an 

effective methodology for assessing legal practitioners' ability to identify and analyze these negative 

impacts, especially by capturing the inherent uncertainty in such evaluations. 

The key finding from our quasi-experimental study with INDECOPI professionals is that 

specialized training significantly enhances their capacity to discern and address IP challenges posed by 

emerging technologies, with the trained group performing notably better in assessing issues related to 

AI and blockchain. The study underscores that while existing legal frameworks are stressed, targeted 

training can improve practitioner adaptability. The most disruptive technologies identified, requiring 

urgent regulatory attention and enhanced professional understanding, include generative AI, 3D 

printing, and blockchain, due to their transformative and often decentralized nature. This research 

validates Neutrosophic Z-numbers as a valuable tool for nuanced impact assessment in the legal 

domain. 

Future research should build upon the novel application of Neutrosophic Z-numbers 

demonstrated in this study to further enhance the understanding and management of intellectual 

property (IP) challenges posed by emerging technologies. Key directions include broader empirical 

validation of the Neutrosophic Z-number assessment methodology by replicating this study with 

larger, more diverse samples of legal professionals across various jurisdictions and technological 

contexts to establish its generalizability and robustness. Concurrently, efforts should focus on the 

development of standardized neutrosophic tools, such as refining the Z-number-based framework into 

practical software for IP risk assessment and decision support, facilitating wider adoption by regulatory 

bodies and legal practitioners. Finally, future work could explore the implementation of continuous 

neutrosophic monitoring systems designed to dynamically assess the evolving impacts of new 

technologies on IP rights, thereby enabling more agile and adaptive regulatory responses in this rapidly 

changing landscape. 
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Abstract. This study addresses legislative inefficiency in Ecuador, which results in laws with poor technical quality 
and low legitimacy. Its goal is to assess and rank the factors causing this inefficiency—a key step toward improving 
the legal system and governance. The issue is critical because ineffective lawmaking erodes public trust and hinders 
national development. Unlike previous studies, this research applies an innovative approach: neutrosophic logic and 
the Analytic Hierarchy Process (NAHP) to handle uncertainty in complex political contexts. Through surveys of 4 
constitutional law experts, 7 key factors were identified. The top causes were technical-legal deficiencies (33.65%) 
and excessive politicization (28.52%), together accounting for approximately 62% of legislative inefficiency. Findings 
show these factors interact, worsening ineffective lawmaking. The study contributes to the literature with a novel 
methodology for evaluating legislative systems and provides policy recommendations for Ecuador, such as enhanced 
technical advisory and depoliticized debates, to strengthen normative quality and legitimacy. This approach is par-
ticularly relevant in a context where political stability and institutional trust are urgent priorities. By addressing these 
inefficiencies, Ecuador can foster more effective governance and better serve its citizens' needs. 

Keywords: Legislative ineffectiveness, technical-legal, politicization, planning, citizen participation, Analytic Hier-
archy Process (AHP), Neutrosophic Analytic Hierarchy Process (NAHP). 

1. Introduction 
 
Ecuador's legislative process is central to creating a legal system that meets the growing socio-eco-

nomic-political needs of the country. However, ineffective law-making through ambiguous and illegal 
norms discredits governance and public participation. Therefore, this project seeks to evaluate the factors 
of ineffectiveness of the legislative process in play in Ecuador. This is a pressing problem because without 
an effective consistent legal framework that advocates for efficaciousness within the major institutions, it 
will fail the stability of government and development endeavors down the line. Laws created with little 
technical merit complicate even the simplest implementation of any public policy and further alienate the 
already alienated citizens from the government. Thus, this article serves to solve the problem by assessing 
a process through which alternative approaches could be taken to ensure effective regulation [1]. Since 
1979 when democracy returned to Ecuador, they have had a constantly ineffective legislative system to 
blame. Despite various institutional transformations throughout the composition over time, Ecuador still 
needs to be assessed because too much politicization without purposeful advancement fails to be under-
stood. For example, over the last few decades, analyses of the workings of the National Assembly show 
that too many laws come out of that institution with various legal deficiencies that create conflicts of 
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regulations and prolonged implementation of more fundamental legislative law. Therefore, it would ap-
pear that a structural examination of why legislation does not work effectively is a key step in approach-
ing the issue from more than just a political perspective but instead, a systemic course of action. 

Yet Ecuador's legislative inefficiency is not an isolated case as Latin America experiences similar pat-
terns where parliaments have institutional constraints and politically fragmented endeavors [4]. General 
obstacles from limited citizen participation to ineffective regulatory impact assessment [5] exist as proven 
by studies. Yet the nature of these assessments—non-general, subjective relative to actors involved per 
the situations—require a general assessment beyond empirical studies undertaken to fill this gap [3]. Thus, 
this study has the potential to do so through such a methodology. As it relates to this article, the main 
issue is that legislative inefficiency of the legislative process creates an highly inefficient and incoherent 
of an ineffective regulatory system. Only by prioritizing the necessary variables for legislative change can 
efficiencies be found. Thus, a research question emerges from the need to acknowledge the complicated 
relationship between these non-empirical realities as well as empirical realities which not only complicate 
but challenge the entire legitimacy of any political system. Relative to findings over time, incremental 
efforts to remedy legislative inefficiency have been unable to address concerns permanently [6]. Failure 
to create legislative unity compounded by legislative inefficiency yields an ineffective regulatory system 
that fails international expectations and national needs due to ineffective public participation and disas-
sociated global standards. Such developments create unwarranted regulatory frictions when regulations 
must be enforced in application far more than what is intended by national legal systems. 

Such an issue is so prevalent that citizens don't trust the Assembly, and many necessary laws go un-
passed in due time. When laws are ineffective, unnecessary regulations may be of lower quality, weak-
ening the State's power to implement effective public policy [2]. Therefore, this study forecasts the causes 
of such a phenomenon and hopes to offer an empirical basis for reform to fix the Ecuadorian legislative 
process, at least for stabilization and improved social legitimacy down the line. The methodology used 
will be the Neutrosophic Analytic Hierarchy Process (NAHP), which serves as a priority assessment 
method that allows for weighting under uncertain conditions. This study turns to experts in the field of 
Constitutional law to assess what causes the Assembly's legislative actions to be ineffective and ranks 
them accordingly with a causal relationship analysis. This is a novel approach because needs must foster 
such assessment methods to combat political culture uncertainty but still, provide defensible results. 
There are three purposes of this study: to determine ineffective causative agents in the Ecuadorian legis-
lative process via the NAHP and prioritize them; 2. assess how these various factors interact with one 
another for a greater, systemic understanding; 3. Provide suggestions that inspire increased quality, in-
tegrity, and legitimacy of/in the legislative process. These purposes answer the research question and are 
intended to add to institutional strengthening efforts in Ecuador. 
 

2. Preliminaries.  

2.1. Analysis and Assessment of the Legislative Procedure in Ecuador. 

Ecuador's legislative process, responsible for shaping the national regulatory framework, encounters 
significant structural challenges that undermine its effectiveness. Issues such as technical and legal defi-
ciencies in drafting, excessive politicization of processes, and limited citizen participation often result in 
ambiguous and incoherent laws that lack broad social legitimacy [7]. The nation's legislative history, par-
ticularly since its democratic transition in 1979, reveals persistent tensions between political interests and 
essential technical requirements [8]. Despite various institutional reforms, systemic obstacles have re-
mained. The National Assembly frequently faces criticism for enacting laws with legal loopholes, which 
contributes to a fragmented regulatory system and impedes the effective implementation of public poli-
cies [9]. This long-standing situation highlights the critical need for an accurate understanding of these 
underlying problems. 
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Furthermore, institutional weaknesses, such as the scarcity of adequate technical and administrative 
resources within the National Assembly, limit its capacity to produce clear and well-founded laws, 
thereby perpetuating technical and legal deficiencies [12]. Additionally, a lack of harmonization with in-
ternational law can generate regulatory conflicts, complicating the application of laws within a globalized 
context. The overall magnitude of these challenges extends beyond technical concerns, impacting the very 
legitimacy of the Ecuadorian political system. Public distrust in the National Assembly, often fueled by 
poorly drafted legislation and highly politicized debates, erodes social cohesion and democratic govern-
ance. For instance, delays or failures in passing key legislation serve as clear examples of how legislative 
ineffectiveness can hinder national development. Addressing these deep-seated shortcomings is crucial 
to prevent the perpetuation of a cycle of institutional instability. 

2.2. Neutrosophic Set. 
 
Neutrosophic sets represent a significant advance in set theory, offering a trichotomous perspective 

that goes beyond the limitations of traditional binary logic. This theory not only enriches the mathemati-
cal and philosophical realms but also promotes a deeper understanding of ambiguity and uncertainty in 
decision-making and the representation of human knowledge. By integrating this perspective across di-
verse disciplines, we can move toward more flexible and adaptive approaches that better reflect the com-
plexity of the real world and our limited capacities to fully understand it. 

Definition 1 ([13-15]): The neutrosophic set 𝑁 It is characterized by three membership functions, which 
are the truth membership function 𝑇𝐴, the indeterminacy membership function𝐼𝐴 and falsehood member-
ship function 𝐹𝐴 , where 𝑈 is the Universe of Discourse and xU , 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0𝐴− , 1+[ , and 0𝐴− inf 𝑇𝐴(𝑥) +  inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x) sup 𝑇𝐴(x) +  sup 𝐼𝐴(x)  +  sup 𝐹𝐴(x) 3+. 

See that, by definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)are standard or nonstandard real subsets of ] 0− , 1+[and, 
hence 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1]. 0𝐴− and1+ They belong to the set of hyperreal num-
bers. 

Definition 2 ( [13-15] : The single- valued neutrosophic set ( SVN S ) 𝐴is 𝑈, 𝑇𝐴: 𝑈→[0, 1]where 𝐴 =  {<𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈}and 𝐼𝐴: 𝑈→[0, 1]. 𝐹𝐴: 𝑈→[0, 1].0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) 3 
The single-valued neutrosophic number ( SVN N ) is symbolized by 𝑁 =  (𝑡, 𝑖, 𝑓 ), such that0 𝑡, 𝑖, 𝑓  1 and 0 𝑡 + 𝑖 + 𝑓3. 
Definition 3 ([13-15]): The single -valued triangular neutrosophic number, ã = 〈(a1, a2. a3); αã, βã, γã〉, is a 

neutrosophic set in ℝ, whose truth, indeterminacy and falsity membership functions are defined as fol-
lows: 

Tã(x) = {  
  αã( x−a1a2−a1),a1≤x≤a2αã,x=a2αã( a3−xa3−a2), a2<𝑥≤a30, otherwise (1) 

Iã(x) = {  
  (a2−x+βã(x−a1))a2−a1 , a1 ≤ x ≤ a2βã, x = a2(x−a2+βã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise

 (2) 
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Fã(x) = {  
  (a2−x+γã(x−a1))a2−a1 , a1 ≤ x ≤ a2γã,x = a2(x−a2+γã(a3−x))a3−a2 ,  a2 < 𝑥 ≤ a31, otherwise (3) 

Where αã, βã, γã ∈ [0, 1],a1,  a2, a3 ∈ ℝ and a1 ≤ a2 ≤ a3. 

Definition 4 ([13-15]) : Givenã =  〈(a1, a2, a3); αã, βã, γã〉 andb̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉 two single-val-
ued triangular neutrosophic numbers and any non-zero number on the real line. Then, the following 
operations are defined: 

 
1. Addition: ã + b̃ = 〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
2. Subtraction:  ã − b̃ = 〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
3. Investment: ã−1 = 〈(a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0. 
4. Multiplication by a scalar number: 
 λã = {〈(λa1, λa2, λa3); αã, βã, γã〉, λ > 0〈(λa3, λa2, λa1); αã, βã, γã〉, λ < 0 

 
5. Division of two triangular neutrosophic numbers: 
 

ãb̃ = {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 and b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 < 0  

 
6. Multiplication of two triangular neutrosophic numbers: 
 ãb̃ = {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  a3 > 0 and b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 < 0  

Where,∧ it is a ty norm∨ it is a conorm t. 
 
The AHP technique begins with the designation of a hierarchical structure, where the elements at the 

top of the tree are more generic than those at the lower levels. The main leaf is unique and denotes the 
objective to be achieved in decision-making. 

The level immediately below this contains the sheets representing the criteria. The sheets correspond-
ing to the subcriteria appear immediately below this level, and so on. The level below this level represents 
the alternatives. See Figure 1. 
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Figure 1: Schematic of a generic tree representing a Hierarchical Analytical Process. Source: [16]. 

A square matrix is then formed that represents the opinion of the expert or experts and contains the 
pairwise comparison of the assessments of the criteria, subcriteria, and alternatives. 

TL Saaty, the founder of the original method, proposed a linguistic scale that appears in Table 1. 
 

Table 1. Intensity of importance according to the classic AHP. Source [16-19]. 
 

Intensity of im-

portance on an abso-

lute scale 

Definition Explanation 

1 Equal importance Two activities contribute equally to the ob-
jective. 

3 Moderate importance of 
one over the other 

Experience and judgment strongly favor 
one activity over another. 

5 Essential or strong im-
portance 

Experience and judgment strongly favor 
one activity over another. 

7 very strong importance The activity is strongly favored and its 
mastery is demonstrated in practice. 

9 Extremely important The evidence that favors one activity over 
another is of the highest order of affirma-

tion possible. 
2, 4, 6, 8 Intermediate values be-

tween the two adjacent 
judgments. 

When understanding is needed 

Reciprocals If activity i has one of the above numbers assigned compared to activity j , 
then j has the reciprocal value compared to i . 
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On the other hand, Saaty established that the Consistency Index (CI) must depend on max , the maxi-

mum eigenvalue of the matrix. He defined the equation CI = λmax−nn−1 , where n is the order of the matrix. 

He further defined the Consistency Ratio (CR) with the equation CR = CI/RI, where RI is given in Table 2. 
 

Table 2. CR associated with each order. 
 

Order 
(n) 

1 2 3 4 5 6 7 8 9 10 

CR 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 
 
If CR10%we can consider that the experts' assessment is sufficiently consistent and therefore we can 

proceed to use AHP. 
The objective of the AHP is to rank the criteria, subcriteria, and alternatives according to a score. It can 

also be used in group decision-making problems. If this is the purpose, Equations 4 and 5 should be taken 
into account, where the expert's weight is evaluated based on their authority, knowledge, experience, etc. 

x̅ = (∏ xiwini=1 )1 ∑ wini=1⁄
     (4) 

If ∑ wini=1 = 1, that is, when the expert's weights add up to one, Equation 4 becomes Equation 5, x̅ = ∏ xiwini=1      (5) 

The hybridization of AHP with neutrosophic set theory was used in [16]. This is a more flexible ap-
proach to modeling uncertainty in decision-making. Indeterminacy is an essential component that must 
be assumed in real-world organizational decisions. 

Table 3 contains the adaptation of the Saaty scale to the neutrosophic field. 
 

Table 3. The Saaty scale was translated into a neutrosophic triangular scale. Source [16]. 
 

Saty scale Definition Neutrosophic Triangular 

Scale 

1 Equally influential 1̃ =  〈(1, 1, 1); 0.50, 0.50, 0.50〉 
3 Slightly influential 3̃ =  〈(2, 3, 4); 0.30, 0.75, 0.70〉 
5 Strongly influential 5̃ =  〈(4, 5, 6); 0.80, 0.15, 0.20〉 
7 Very influential 7̃ =  〈(6, 7, 8); 0.90, 0.10, 0.10〉 
9 Absolutely influential 9̃ =  〈(9, 9, 9); 1.00, 1.00, 1.00〉 

2, 4, 6, 8 Sporadic values between two close 

scales 

2̃ =  〈(1, 2, 3); 0.40, 0.65, 0.60〉 4̃ =  〈(3, 4, 5); 0.60, 0.35, 0.40〉 6̃ =  〈(5, 6, 7); 0.70, 0.25, 0.30〉 8̃ =  〈(7, 8, 9); 0.85, 0.10, 0.15〉 
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The pairwise neutrosophic comparison matrix is defined in Equation 6. 

Ã =  [ 1̃ ã12 ⋯ ã1n⋮ ⋱ ⋮ãn1 ãn2 ⋯ 1̃ ]                                     (6) Ã satisfies the condition ãji = ãij−1, according to the inversion operator defined in Definition 4. 
Two indices are defined to convert a neutrosophic triangular number into a sharp number. See Equa-

tion 7 for the score and Equation 8 for accuracy  [20]. S(ã) = 18 [a1 + a2 + a3](2 + αã−βã − γã)   (7) 

A(ã) = 18 [a1 + a2 + a3](2 + αã−βã + γã)   (8) 

The algorithm to be applied to the NAHP is as follows: 
Given the Criteria, subcriteria, and alternatives, the NAHP consists of the following steps: 

1. Design an AHP tree. It contains the selected criteria, subcriteria, and alternatives. 
2. Create the level matrices from the AHP tree, according to expert criteria expressed in 

neutrosophic triangular scales and respecting the matrix scheme of Equation 6. 
3. To evaluate the consistency of these matrices, convert the elements of Ã in a crisp matrix 

by applying Equation 7 or 8 and then testing the consistency of this new crisp matrix. 
4. Follow the other steps of a classic AHP. 
5. Equation 7 or 8 is applied to convert, w 1 , w 2 ,…, w n to crisp weights. 
6. If more than one expert performs the assessment, then w 1 , w 2 ,… , w n are replaced by w̅1, w̅2, ⋯ , w̅n, which are their corresponding weighted geometric mean values, see Equa-

tions 4 and 5 . 

3. Results and Discussion. 

This section contains an explanation of the factors that are relevant and cause ineffectiveness in the 
legislative process of law in Ecuador. For this purpose, opinions were obtained from four specialists in 
constitutional law and legislative procedure, who were selected for their expertise in this area. These 
factors causing ineffectiveness (CI) were the following: 

 
• CI1 > Technical and legal deficiencies: Lack of quality in the drafting of legislative pro-

posals, legal inconsistencies, terminological ambiguities, and regulatory gaps that affect 
the interpretation and application of laws. 

• CI2 > Excessive politicization of the process: Predominance of political-partisan interests 
over technical criteria, which distorts the legislative debate and compromises the quality 
of the approved regulations. 

• CI3 > Inadequate legislative planning: The absence of a planned and structured legislative 
agenda that responds to the country's real needs, which generates regulatory dispersion 
and a lack of coherence in the legal system. 

• CI4 > Limited effective citizen participation: Despite existing mechanisms, citizen partic-
ipation in the legislative process is limited or merely formal, with no real impact on deci-
sion-making. 

• CI5 > Deficiencies in ex-ante and ex-post evaluation: Limited prior analysis of the regu-
latory impact and lack of monitoring mechanisms after the approval of laws to measure 
their effectiveness. 
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• CI6 > Institutional weaknesses: Limitations in resources, technical and administrative ca-
pacities of the legislative function to adequately fulfill its responsibilities. 

• CI7 > Lack of harmonization with international law: Insufficient consideration of inter-
national standards and commitments in the development of national regulations, generat-
ing disparities and potential regulatory conflicts. 

Each of the four specialists compared these seven factors according to Saaty's adapted neutrosophic 
scale. Each specialist was assigned the same weight or importance of opinion equal to w i = 1/4. 

Neutrosophic Comparison Matrices 

The following steps were: 
1. Each specialist evaluated the 7 factors according to their neutrosophic knowledge. 
2. The neutrosophic matrices were converted to sharp matrices with the accuracy equation. 
3. The CR (Consistency Ratio) of each of these matrices was determined. 
4. It was verified that each expert met an adequate RC to proceed. 
5. The weights assigned to each of the 7 factors by each expert were added. 

 

Table 4. Neutrosophic pairwise comparison matrix obtained from expert 1 
 

Varia-

ble 
CI1 CI2 CI3 CI4 CI5 CI6 CI7 

CI1 (0.50, 0.50, 
0.50) 

(0.70, 0.30, 
0.30) 

(0.90, 0.10, 
0.10) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.97, 0.03, 
0.03) 

(0.95, 0.05, 
0.05) 

CI2 (0.70, 0.70, 
0.30) 

(0.50, 0.50, 
0.50) 

(0.70, 0.30, 
0.30) 

(0.90, 0.10, 
0.10) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.70, 0.30, 
0.30) 

CI3 (0.90, 0.90, 
0.10) 

(0.70, 0.70, 
0.30) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.80, 0.20, 
0.20) 

(0.60, 0.40, 
0.40) 

CI4 (0.80, 0.80, 
0.20) 

(0.90, 0.90, 
0.10) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.50, 0.50, 
0.50) 

CI5 (0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

CI6 (0.97, 0.97, 
0.03) 

(0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.60, 
0.40) 

CI7 (0.95, 0.95, 
0.05) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

 

Table 5. Neutrosophic pairwise comparison matrix obtained from expert 2 
 

Varia-

ble 
CI1 CI2 CI3 CI4 CI5 CI6 CI7 

CI1 (0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.97, 0.03, 
0.03) 

(0.95, 0.05, 
0.05) 

(0.90, 0.10, 
0.10) 

CI2 (0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.90, 0.10, 
0.10) 

(0.70, 0.30, 
0.30) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.80, 0.20, 
0.20) 

CI3 (0.80, 0.80, 
0.20) 

(0.90, 0.90, 
0.10) 

(0.50, 0.50, 
0.50) 

(0.70, 0.30, 
0.30) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.60, 0.40, 
0.40) 

CI4 (0.90, 0.90, 
0.10) 

(0.70, 0.70, 
0.30) 

(0.70, 0.70, 
0.30) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.60, 0.40, 
0.40) 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Infante Miranda María Elena, Jarlyn Gabriela García Chulde, José Ignacio Ruíz Tigse. Examining the causes of ineffectiveness 
in the legislative procedure of the law in Ecuador through the neutrosophic analytical hierarchy process (NAHP). 

 

559 

Varia-

ble 
CI1 CI2 CI3 CI4 CI5 CI6 CI7 

CI5 (0.97, 0.97, 
0.03) 

(0.80, 0.80, 
0.20) 

(0.60, 0.60, 
0.40) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

CI6 (0.95, 0.95, 
0.05) 

(0.90, 0.90, 
0.10) 

(0.70, 0.70, 
0.30) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.60, 
0.40) 

CI7 (0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.60, 0.60, 
0.40) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

 

Table 6. Neutrosophic pairwise comparison matrix obtained from expert 3 
 

Varia-

ble 
CI1 CI2 CI3 CI4 CI5 CI6 CI7 

CI1 (0.50, 0.50, 
0.50) 

(0.50, 0.50, 
0.50) 

(0.70, 0.30, 
0.30) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.97, 0.03, 
0.03) 

(0.80, 0.20, 
0.20) 

CI2 (0.50, 0.50, 
0.50) 

(0.50, 0.50, 
0.50) 

(0.90, 0.10, 
0.10) 

(0.95, 0.05, 
0.05) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.70, 0.30, 
0.30) 

CI3 (0.70, 0.70, 
0.30) 

(0.90, 0.90, 
0.10) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.80, 0.20, 
0.20) 

(0.60, 0.40, 
0.40) 

CI4 (0.80, 0.80, 
0.20) 

(0.95, 0.95, 
0.05) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.50, 0.50, 
0.50) 

CI5 (0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

CI6 (0.97, 0.97, 
0.03) 

(0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.60, 
0.40) 

CI7 (0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

 

Table 7. Neutrosophic pairwise comparison matrix obtained from expert 4 
 

Varia-

ble 

CI1 CI2 CI3 CI4 CI5 CI6 CI7 

CI1 (0.50, 0.50, 
0.50) 

(0.60, 0.60, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.90, 0.10, 
0.10) 

(0.95, 0.05, 
0.05) 

(0.97, 0.03, 
0.03) 

(0.90, 0.10, 
0.10) 

CI2 (0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.80, 0.20, 
0.20) 

(0.90, 0.10, 
0.10) 

(0.95, 0.05, 
0.05) 

(0.90, 0.10, 
0.10) 

(0.80, 0.20, 
0.20) 

CI3 (0.70, 0.70, 
0.30) 

(0.80, 0.80, 
0.20) 

(0.50, 0.50, 
0.50) 

(0.70, 0.30, 
0.30) 

(0.60, 0.40, 
0.40) 

(0.80, 0.20, 
0.20) 

(0.60, 0.40, 
0.40) 

CI4 (0.90, 0.90, 
0.10) 

(0.90, 0.90, 
0.10) 

(0.70, 0.70, 
0.30) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.70, 0.30, 
0.30) 

(0.50, 0.50, 
0.50) 

CI5 (0.95, 0.95, 
0.05) 

(0.95, 0.95, 
0.05) 

(0.60, 0.60, 
0.40) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 

CI6 (0.97, 0.97, 
0.03) 

(0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.70, 0.70, 
0.30) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.60, 0.60, 
0.40) 

CI7 (0.90, 0.90, 
0.10) 

(0.80, 0.80, 
0.20) 

(0.60, 0.60, 
0.40) 

(0.50, 0.50, 
0.50) 

(0.50, 0.50, 
0.50) 

(0.60, 0.40, 
0.40) 

(0.50, 0.50, 
0.50) 
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The calculation of the CRs resulted in CR = 9.4213% for Expert 1, CR = 8.2573% for Expert 2, CR = 
7.6529% for Expert 3, and CR = 9.1246% for Expert 4. In all cases CR≤10%, indicating that the evaluations 
are consistent. 

Assigned Weights 

The weights associated with each of the variables are shown in Table 8. 
 

Table 8. Weights obtained for each of the variables by the experts 
 

Expert/Variable CI1 CI2 CI3 CI4 CI5 CI6 CI7 

1 0.38952 0.22615 0.13247 0.08729 0.06934 0.03681 0.05842 
2 0.36583 0.25942 0.13166 0.08492 0.06214 0.03428 0.06175 
3 0.30521 0.31653 0.13478 0.08369 0.06235 0.03486 0.06258 
4 0.28546 0.33871 0.14325 0.08163 0.05923 0.03429 0.05743 

To obtain the weight vector for each variable according to each expert, we take the values provided in 
the table and organize them in the form of a vector for each variable. 

Total weight vector (average of the four experts): 
• CI1: 0.33651 
• CI2: 0.28520 
• CI3: 0.13554 
• CI4: 0.08438 
• CI5: 0.06327 
• CI6: 0.03506 
• CI7: 0.06004 

Therefore, the order of importance of the factors that cause ineffectiveness in Ecuador's legislative proce-
dure is: 

CI1 > CI2 > CI3 > CI4 > CI5 > CI7 > CI6 

 

Figure 2. Total weight vector (average of the four experts). 
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Analysis of the Relationship Between Variables 

 
The analysis of the results reveals important relationships between the factors that cause ineffective-

ness in the Ecuadorian legislative process. First, a clear predominance of technical-legal deficiencies (CI1) 
and excessive politicization of the process (CI2) is observed, which together represent approximately 62% 
of the total weight assigned by the experts. This suggests a strong interrelationship between these two 
factors, where the subordination of technical criteria to political interests inevitably generates legislative 
products that are legally deficient. 

Inadequate legislative planning (CI3) appears to be a factor of medium importance but with clear con-
nections to both the major and minor factors. On the one hand, the lack of planning exacerbates technical 
deficiencies and facilitates the politicization of the process; on the other, it limits effective citizen partici-
pation and hinders both pre- and post-legislation evaluations. 

Limited effective citizen participation (CI4) and deficiencies in ex-ante and ex-post evaluation (CI5) 
show a moderate correlation, suggesting that both represent shortcomings in mechanisms for monitoring 
and legitimizing the legislative process. The lack of substantive citizen participation reduces the capacity 
for social oversight over the production of regulations, while deficiencies in evaluation prevent a rigorous 
analysis of the real impact of laws. 

Institutional weaknesses (CI6), although they appear to have the lowest individual weight, reveal a 
critical role as facilitators or amplifiers of the other factors of ineffectiveness. The lack of adequate re-
sources and technical capacities in the legislative function exacerbates technical and legal deficiencies, 
hinders adequate planning, and limits the capacity to implement effective mechanisms for citizen partic-
ipation and legislative evaluation. 

Finally, the lack of harmonization with international law (CI7) presents an interesting relationship 
with technical and legal deficiencies, suggesting that the disconnection with international standards and 
commitments contributes to the creation of a fragmented and potentially contradictory regulatory frame-
work. 

Recommendations 

Based on the analysis, the following recommendations are proposed to improve the effectiveness of the 
legislative process in Ecuador: 
 

1. Strengthen specialized technical and legal advice: Implement a robust technical advisory 
system that accompanies the entire legislative cycle, from initial formulation to promulga-
tion, ensuring that regulatory proposals meet appropriate legal standards. 

2. Establish mechanisms to depoliticize legislative debate: Create spaces for technical dia-
logue prior to political debate that allow for the identification and resolution of legal, tech-
nical, and impact issues before partisan discussion. 

3. Develop a comprehensive legislative planning system: Implement planning tools that 
establish multi-year legislative agendas aligned with national development goals and in-
ternational commitments, prioritizing initiatives based on their potential impact. 

4. Strengthen mechanisms for effective citizen participation: Reform the processes of pre-
legislative consultation and regulatory dissemination to ensure substantive citizen partici-
pation, especially among groups potentially affected by the regulations under discussion. 

5. Implement a mandatory regulatory impact assessment system: Establish formal ex ante 
and ex post evaluation requirements for all significant legislative initiatives, with stand-
ardized methodologies and tracking metrics. 

6. Strengthen the institutional capacities of the legislative branch: Invest in the profession-
alization of legislative staff, technological modernization, and organizational restructuring 
to enable greater efficiency and quality in the regulatory development process. 
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7. Create a regulatory harmonization system with international standards: Develop proto-
cols and tools that facilitate the identification and application of international standards 
and commitments in the national regulatory development process. 

8. Implement an independent legislative observatory: Establish an independent monitoring 
and evaluation mechanism that systematically analyzes the quality, coherence and effec-
tiveness of legislative production. 

 
The coordinated implementation of these recommendations could significantly contribute to improv-

ing the quality and effectiveness of Ecuador's legislative process, creating a more coherent, technically 
sound, and socially legitimate regulatory framework. 

The study, conducted using the Neutrosophic Analytic Hierarchy Process, has allowed us to identify 
and assess the main factors contributing to the ineffectiveness of the legislative process in Ecuador. The 
results reveal that technical and legal deficiencies and excessive politicization of the process are the most 
determining factors, followed by inadequate legislative planning. 

Neutrosophic methodology has proven particularly valuable in capturing the uncertainty and subjec-
tivity inherent in the analysis of complex political processes such as the legislative process, allowing for 
a more nuanced and realistic assessment of the factors involved[21]. 

The resulting ranking provides a solid basis for prioritizing interventions aimed at improving legisla-
tive effectiveness. The proposed recommendations systematically address the identified factors, recog-
nizing their interrelationships and proposing complementary measures to mitigate them. 

Finally, this study constitutes a significant methodological contribution to the analysis of the legisla-
tive process, introducing neutrosophic tools that can be adapted to evaluate other aspects of the Ecuado-
rian legal-political system and that of the Latin American region. 

4. Conclusion 
 
The causes of ineffective legislation in Ecuador were discovered through this study, and the factors 

that most determine ineffective legislation at 62% overall, are technical problems and legal issues and 
high politicization. Through the Neutrosophic Analytic Hierarchy Process (NAHP), seven factors were 
prioritized; incrementalism and too political legislative debate interact with other findings, where tech-
nical problems are worsened by poor planning and minimal citizen involvement. Therefore, the results 
determined that ineffective legislation is not a relative issue to one factor but an issue that over time, has 
adverse effects on the quality of regulations and performance of institutions; therefore, a strong stance 
can be taken to address this further, structural concern in the Ecuadorian legislative process. The results 
have practical implications as they support potential future legislation. For instance, efforts to increase 
technical resources and decrease political debates will make legislation better, gaining more citizen trust. 
Also, a better-established planning system and regulatory impact analysis would ensure new regulations 
adhere to the goals of the country, creating viable public policies instead of redundant regulations. These 
discovered through comprehensive analysis are translatable to any progressive politician or regulator 
seeking institutional reform. 

This study makes significant contributions to political science and constitutional studies. First, the 
NAHP application creates a new applied effort that considers uncertainty and fuzziness in its lawmaking 
process, as opposed to something more static and traditional. Such a process not only makes for better 
analysis of a complicated political system, but also a reproducible focal point for similar Latin American 
countries suffering from the same fate. The article addresses ineffectiveness considerations because it 
does the greatest good by rendering a decision of future expenditure/effect efforts. There are some flaws 
in the study, however. First, based on the assessments of only four experts, which is consistent (CR ≤ 10), 
but limits accuracy from perspectives not taken into account. Second, while the study applies to any Latin 
American country that has a similar governmental structure, generalizing findings to any other legislative 
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body that functions with different dynamics may fall flat. Third, while the NAHP is an excellent applica-
tion to mitigate subjectivity, it does not make any conclusions foolproof for anyone anywhere to apply 
transparently. Therefore, these flaws neither negate nor undermine the study, but rather present future 
research opportunities. For future works, a greater pool of experts would be beneficial—actors such as 
legislators or representatives of groups feeling the legislation's impact may provide additional insights. 
Thus, alternative methodologies might be appealing; for example, assessing via network analysis or 
through machine learning techniques may render a more detailed understanding of the proposed factors' 
connection. Furthermore, assessing other countries in the region would allow findings to be compared 
against multicultural standards. Finally, over time, researchers may determine if their suggested altera-
tions would make a difference. Ultimately, this study determines Ecuador's first-level causes of ineffec-
tive legislation and provides a transparent assessment with applicable means of change. The combination 
of its new methodological application and practical suggestions renders this study a standard bearer for 
institutional enhancement. 

While the study's limited scope and inherent bias could be considered shortcomings, it creates an op-
portunity for future studies to delve into broader analysis. Ecuador's legislative reform is an urgent issue 
that this project's parts can address in a logical, timely fashion. 

References 

 
[1]  S. Basabe-Serrano, “Judicial and legislative interactions in Ecuador's policymaking,” Bulletin of Latin 

American Research , vol. 38, no. 2, pp. 195–210, 2019, doi: 10.1111/blar.12879. 
[2]  MA Cameron and LD Torres, “Governance and legislative efficiency in Latin America,” Journal of Latin 

American Studies , vol. 51, no. 4, pp. 789–814, 2019, doi: 10.1017/S0022216X19000753. 
[3]  A. Mejía Acosta and J. Polga-Hecimovich, “Parliamentary effectiveness in Ecuador,” The Journal of Leg-

islative Studies , vol. 26, no. 3, pp. 421–445, 2020, doi: 10.1080/13572334.2020.1782859. 
[4]  E. Alemán and G. Tsebelis, “Legislative institutions and policy outcomes in Latin America,” Comparative 

Political Studies , vol. 50, no. 11, pp. 1495–1525, 2017, doi: 10.1177/0010414017695333. 
[5]  CM Carrión and F. Sánchez, “Citizen participation in Latin American legislatures,” Latin American Re-

search Review , vol. 55, no. 1, pp. 92–108, 2020, doi: 10.25222/larr.534. 
[6]  D. Pachano, “Legislative performance and democratic consolidation in Ecuador,” Latin American Politics 

and Society , vol. 62, no. 3, pp. 45–68, 2020, doi: 10.1017/lap.2020.8. 
[7]  Acosta, A. M. (2009). Informal coalitions and policymaking in Latin America: Ecuador in comparative 

perspective. Routledge. 
[8]  Acosta, A. M., & Polga-Hecimovich, J. (2010). Parliamentary solutions to presidential crises in Ecuador. 

In Presidential breakdowns in Latin America: Causes and outcomes of executive instability in develop-
ing democracies (pp. 73-90). New York: Palgrave Macmillan US. 

[9]  Mainwaring, S., & Scully, T. R. (2008). Latin America: Eight lessons for governance. Journal of Demo-
cracy, 19(3), 113-127. 

[10]  Esther Maricela Coello Avilés, Katherine Tatiana Troya Terranova, Eduardo Ángel Bedón Troya. Método 
neutrosófico multicriterio para determinar la efectividad de la legislación de protección del consumidor 
en Ecuador. Neutrosophic Computing and Machine Learning, Vol. 29, pp. 65–72, 2023. DOI: https://ze-
nodo.org/record/10162499 

[11]  Pogrebinschi, T. (2023). Innovating democracy?: The means and ends of citizen participation in Latin 
America. Cambridge University Press. 

[12]  Kouba, K., & Weiss, M. (2025). Legislative Turnover in Latin America: Introducing a New Dataset and 
Analyzing Its Temporal Dynamics. Latin American Politics and Society, 1-16. 

[13] Kahraman, C., Oztaysi, B., and Cevik Onar, S. (2020). Single-valued and interval neutrosophic AHP 
methods: Analyzing the performance of outsourcing law firms. Journal of Intelligent and Fuzzy Systems, 
38, 749–759. 

[14] A. El-Douh, A. (2023) “Health sustainability assessment using neutrosophic MCDM methodology: 
COVID-19 case study”, Sustainable Machine Intelligence Journal, 3, pp. (1): 1–10. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Infante Miranda María Elena, Jarlyn Gabriela García Chulde, José Ignacio Ruíz Tigse. Examining the causes of ineffectiveness 
in the legislative procedure of the law in Ecuador through the neutrosophic analytical hierarchy process (NAHP). 

 

564 

[15] Ricardo, J. E., Fernández, A. J., & Vázquez, M. Y. (2022). Compensatory Fuzzy Logic with Single Valued 
Neutrosophic Numbers in the Analysis of University Strategic Management. International Journal of 
Neutrosophic Science (IJNS), 18(4). 

[16] Sahmutoglu, I., Taskin, A., & Ayyildiz, E. (2023). Risk assessment methodology for assembly areas for 
post-flood evacuation using integrated neutrosophic AHP-CODAS. Natural Hazards, 116, 1071–1103. 

[17] Yu, D., Kou, G., Xu, Z., & Shi, S. (2021). An analysis of the evolution of AHP research collaboration: 1982–
2018. International Journal of Information Technology and Decision Making, 20, 7–36. 

[18] Dhouib, S. (2021). Optimization of the traveling salesman problem in a single-valued triangular neutro-
sophic number using the dhouib-matrix-TSP1 heuristic. International Journal of Engineering, 34, 2642–
2647. 

[19] Silega, N.F., G.A., I.M., K. (2022). Application of the Iadov Neutrosophic Technique to Evaluate an MDD-
Based Approach to Support Software Design. Journal of International Journal of Neutrosophic Science, 
19 (2 ), 80-86. 

[20] Batista -Hernández, N., Leyva- Vázquez, M.Y., González- Caballero, E., Cruzaty, L.E.V., Ortega- Chávez, 
W., and Smarandache, F. (2021). A new method to assess entrepreneurial competence in university stu-
dents using plithogenic numbers and SWOT analysis. International Journal of Fuzzy Logic and Intelli-
gent Systems, 21(3), 280-292. 

[21] Florentin Smarandache, Maikel Y. Leyva Vázquez, Lorenzo Cevallos-Torres, Lucitania Janeth Liberio 
Barco. Neutrosofía: Orígenes, aplicaciones y perspectivas en la lógica contemporánea. Neutrosophic 
Computing and Machine Learning, Vol. 37, pp. 1–10, 2025. DOI: https://zenodo.org/record/15200383 

 
 

Received: December 29, 2024. Accepted: April 10, 2025. 
 

https://zenodo.org/record/15200383


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 

sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

 

Jeannette Amparito Urrutia Guevara, Samantha Naomi Barreno Sailema, Niurka de los Ángeles Mejía Toscano, Jimmy Fernando 
Ramirez Coque. Legal Dogmatic Analysis on the Protection of Canines and Felines through the use of Neutrosophic N- alectics 

 

            University of New Mexico 

Legal Dogmatic Analysis on the Protection of Canines and 
Felines through the Use of Neutrosophic N-alectics 

 
Jeannette Amparito Urrutia Guevara 1 , Samantha Naomi Barreno Sailema 2 , Niurka de los Ángeles Mejía 

Toscano 3 , and Jimmy Fernando Ramírez Coque 4  

 
1 Autonomous Regional University of Los Andes. Ecuador. ua.jeannetteurrutia@uniandes.edu.ec  

2 Autonomous Regional University of Los Andes, Ecuador. samanthabs58@uniandes.edu.ec  
3 Autonomous Regional University of Los Andes, Ecuador. niurkamt96@uniandes.edu.ec   
4 Autonomous Regional University of Los Andes, Ecuador. jimmyrc18@uniandes.edu.ec  

Abstract. This project is about the limitations and failings of current legal systems. Animal welfare and 
animal rights protection laws are complementary yet antagonistic, and shortcomings exist irrespective of 
a partial imposition of biocentric ideals. The project's relevance stems from an increase in international 
animal abuse and a social need for more comprehensive legislative measures to afford canines and felines 
legal persons (subjects). In contrast to the assessment of current legislative failures, which fail to 
acknowledge the indeterminacy of meaning, this project uses neutrosophic n-alectics as a novel investiga-
tive vehicle to consolidate disparate findings (positive law versus eco-legal actions). This operates through 
a qualitative comparative approach to assess case law in three countries (Ecuador, the United States, and 
the European Union), revealing tributaries of uncertainty relative to classification efforts (sentient being, 
movable property, etc.). Ultimately, findings suggest that n-alectics can 1. Deconstruct the legal binary 
(subject/object), 2. Establish a continuum for levels of legislative protection based on culture, 3. Establish 
malleable legal norms that prioritize human needs and animal welfare. The primary contribution asserts 
the ability to transcend the reductionism of current legal efforts to re-conceptualize a malleable public pol-
icy paradigm relying upon neutrosophic logic (truth-indeterminacy-falsehood). Such contributions serve 
more than unconceived ideas for legal dogmatica but as tangible means to adjust national and international 
legislation. 

Keywords: Animal Law, Animal Welfare, Legal Protection, Canines, Felines, N- Alectic Neutrosophic, 
Comparative Legislation. 

1. Introduction 
 

The legal recognition of canines and felines as subjects of special protection represents a fundamental 
challenge in the evolution of contemporary animal law. In recent decades, while neuroscience has conclu-
sively demonstrated the cognitive and emotional capacities of these species [1], legal systems have ad-
vanced in a fragmented manner, generating a worrying gap between scientific knowledge and effective 
legal protection. This study arises from the evidence that more than 65% of countries lack adequate proce-
dural mechanisms to guarantee animal welfare, according to recent data from the World Organization for 
Animal Health (2023) [2], a situation that is aggravated by the persistence of anachronistic legal categories 
that continue to consider animals as mere "personal property" in most civil codes [3]. 

Historical analysis reveals that this problem has deep philosophical and legal roots. From Aristotelian 
conceptions that placed animals on a lower scale, to the current Anthropocene, the legal status of animals 
has been marked by profound contradictions [4]. Milestones such as the Cambridge Declaration on Animal 
Consciousness (2012) [5] or the recognition of animals as "sentient beings" in the Treaty on the Functioning 
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of the European Union (2009) [6] have not been translated into coherent legal systems. The Ecuadorian case 
is paradigmatic: while its Constitution recognizes rights to nature, the COIP classifies animal abuse as a 
private crime, which in practice prevents its effective prosecution [7]. The research focuses on solving three 
fundamental problems: first, the inability of current legal systems to process the ontological complexity of 
animals; Second, the deep disparities between national legal frameworks (compare the advanced Austrian 
system with the permissiveness of certain US states [8]); and third, the lack of adequate theoretical tools to 
overcome what we call "essential normative indeterminacy" - the impossibility of framing human-animal 
relations within rigid legal categories [9]. This problem manifests itself in key questions: How can we over-
come the binary paradigms (legal/illegal, subject/object) that have dominated animal legal protection? 
What does neutrosophic n-alectics contribute as an innovative theoretical-methodological framework? 

The main objectives of this study are to develop a critical analysis of traditional legal categories using 
neutrosophic operators, examining three contrasting legal systems (Ecuador, the European Union, and Cal-
ifornia) through matrices of normative indeterminacy. We seek to propose an innovative model of "fuzzy 
legal protection" that is adaptable to diverse sociocultural contexts, establishing scientific parameters that 
allow for the periodic updating of standards in line with advances in cognitive ethology. This methodolog-
ical approach represents a significant advance in overcoming the limitations of traditional approaches, of-
fering concrete tools for the creation of more just and effective legal systems for animal protection. 
 

2. Preliminaries 

2.1 N -alectic Neutrosophic as a Theoretical Framework 

 
N-alectics, a sophisticated extension of neutrososophy, emerges as an analytical framework that over-

comes the limitations of traditional dialectics, based on the binary dynamics of opposites (True, T, and 
False, F). Neutrosophy introduces a trialectic that incorporates a third essential component: indeterminacy 
or neutrality (I), defined as an intermediate state reflecting ambiguity, uncertainty, or coexistence between 
extremes [10].  This framework describes this perspective as a "dynamic of opposites (T and F) and the 
neutrality/indeterminacy (I) between them," which extends the analysis to complex systems where rigid 
dichotomies do not capture the totality of interactions. This approach further evolves into n-alectics, a gen-
eral model that refines the basic components T (Truth), I (Indeterminacy) and F (Falsehood) into n interde-
pendent subcomponents : (𝑇1, 𝑇2, … , 𝑇ₚ; 𝐼1, 𝐼2, … , 𝐼ᵣ; 𝐹1, 𝐹2, … , 𝐹ₛ), where p, r and s are positive integers 
and 𝑝 +  𝑟 +  𝑠 =  𝑛[10]. This refined neutrosophic logic allows multidimensional phenomena to be bro-
ken down into specific elements, modeling their dynamic relationships more accurately. 

The foundation of n-alectics is inspired by pre-Columbian indigenous worldviews, such as those of the 
Mesoamerican, Andean, and Amazonian worldviews, which have historically adopted non-binary thought 
structures. For example, in the Toltec-Aztec worldview, Quetzalcoatl embodies a trialectic of heaven (T – 
divine wisdom), earth (I – transformation and balance), and the underworld (F – death and renewal), illus-
trating a system where opposites are not mere contrasts, but interconnected forces in constant transfor-
mation [10]. Similarly, in Andean dialectics, concepts such as Yanantin (complementary duality) and Pa-
chakuti (cyclical change) reflect an interplay of complementary opposites, while Amazonian Shuar cosmol-
ogy extends this idea to an n- alectic network of multiple spiritual forces, such as Tsunki (T₁ – Spirit of 
Water), Nunkui (T₃ – Fertility), and Nekás (F₃ – Chaos), mediated by the shaman (I₃) and other entities. 
These ancestral philosophies, which integrate indeterminacy as an essential component, find an echo in n-
alectic , which formalizes this complexity through advanced mathematical and philosophical logic[11]. 

In formal terms, refined neutrosophic logic defines neutrosophic components as a structured set: (T, I, 
F), where each can be subdivided according to the context. For example, in fourfold neutrosophic logic, an 
intermediate case between trialectic and n-alectic , a refinement of (T, F) into (T, I₁, I₂, F) is proposed, as in 
the case of man (T), woman (F), complementarity (I₁), and contradiction (I₂) [10]. 
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In its most general form, n -alectics is expressed as [13]:  (𝑇1, 𝑇2, … , 𝑇𝑝; 𝐼1, 𝐼2, … , 𝐼𝑟; 𝐹1, 𝐹2, … , 𝐹𝑠)where the total number of subcomponents (𝑛 =  𝑝 +  𝑟 +  𝑠)de-
pends on the granularity required for the analysis. This flexibility makes it possible to capture the richness 
of dynamic systems, such as educational systems, where interactions are not reduced to simple polarities. 
Furthermore, n-alectics is practically applied through quantitative metrics, as in the ethical decision-mak-
ing described in the base article. Here, weights (w ᵢ ) are assigned to each subcomponent, e.g., w T = 0.33 for 
T, w I = 0.165 for pure I, w F = 0.175 for F and the neutrosophic distance to an ideal solution is calculated 
using the formula [14]: 

𝑑𝑖+ =  ∑ (𝑤𝑇|𝑇𝐴(𝑥𝑖) −  𝑇𝐵(𝑥𝑖)|𝜆 + 𝑤𝐼𝑇|𝐼𝑇𝐴(𝑥𝑖) −  𝐼𝑇𝐵(𝑥𝑖)|𝜆 + 𝑤𝐼|𝐼𝐴(𝑥𝑖) −  𝐼𝐵(𝑥𝑖)|𝜆 + 𝑤𝐼𝐹|𝐼𝐹𝐴(𝑥𝑖) −  𝐼𝐹𝐵(𝑥𝑖)|𝜆 +𝑛𝑖=1 𝑤𝐹|𝐹𝐴(𝑥𝑖) −  𝐹𝐵(𝑥𝑖)|𝜆) (1)  

 
      where λ determines the type of distance (λ = 1 for Hamming, λ = 2 for Euclidean), x ᵢ are the observed 
values and y ᵢ the ideal ones [11]. This methodology evaluates complex options, such as mining projects, 
balancing economic (T), environmental (F) and uncertain (I) factors. 

The ideal solution in this framework could be defined as [15]: 𝐼 =  (𝑚𝑎𝑥(𝑇𝑥), 𝑚𝑎𝑥(𝐼𝑇𝑥), 𝑚𝑖𝑛(𝐼𝑥), 𝑚𝑖𝑛(𝐼𝐹𝑥), 𝑚𝑖𝑛(𝐹𝑥))  (2)   

Where: 
• 𝑇𝑥: Truth associated with option x. 
• 𝐼𝑇𝑥: Indeterminacy that leans toward the truth associated with option x. 
• 𝐼𝑥: Pure indeterminacy associated with option x. 
• 𝐼𝐹𝑥: Indeterminacy that tends to falsehood associated with option x. 
• 𝐹𝑥: Minimum falsehood associated with option x. 

The relevance of n- alectics in this context lies in its ability to model the dynamic interaction between 
these elements, aligning with principles of complementarity and balance present in Andean philosophies 
such as Yanantin, which resonate with teacher training in a culturally diverse environment [13]. Further-
more, its practical application, inspired by the ethical decision-making model of the base article, allows to 
quantify these relationships through weights assigned to each subcomponent and neutrosophic distance 
calculations, providing a robust methodological tool [16]. 

3. Case Study. 

 
This research aimed to unravel the regulatory contradictions and legal gaps in current legal frameworks 

related to the protection of canines and felines, with a particular focus on the integration of biocentric ap-
proaches into contemporary legal systems. The purpose of this inquiry was to identify patterns of ambigu-
ity in legal categories such as "sentient beings" and "movable property," to propose a "diffuse legal protec-
tion" model adaptable to diverse sociocultural contexts. In this regard, the regulatory frameworks of Ecua-
dor, the European Union, and California (USA) were examined, also considering the uncertainties, ambi-
guities, and contradictions that characterize the development of these regulations in dynamic legal envi-
ronments. 

The results presented below derive from the application of neutrosophic n-alectics, an analytical frame-
work that allowed for the modeling of this complex interaction by decomposing legal constructs into 
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subcomponents of truth, indeterminacy, and falsity, and the quantitative evaluation of their relationships. 
This approach, grounded in refined neutrosophic logic (Smarandache, 2002, 2013), facilitated the capture 
of the multiple dimensions involved, revealing patterns that transcend traditional perspectives of positive 
law. Thus, this section presents the key findings obtained, highlighting how legal conceptions and ecolegal 
theories are intertwined, and offering an empirical basis for understanding their impact on animal protec-
tion within the contexts studied. 

Step 1: Definition of neutrosophic subcomponents 

Using the principles of neutrosophic n -alectics , we classify the factors that influence the legal protection 
of canines and felines as follows: 

Truth (T) – Positive elements of protection: 

• T₁: Legal recognition of animal sentience ( e.g., laws that explicitly recognize animals as sentient 
beings). 

• T₂: Procedural guarantees for animal protection ( e.g., standing to represent animal interests). 
 

Indeterminacy (I) – Uncertainties and ambiguities: 

 
• 𝐼𝑇 (Indeterminacy leaning towards truth): Standards with variable interpretation but tending 

towards protection ( e.g., animal welfare as an interpretive principle). 
• I (Pure Indeterminacy): Hybrid legal categories without clear definition ( e.g., "non-objects" in 

some jurisdictions). 
• 𝐼𝐹 (Indeterminacy Tends Toward Falsehood): Exceptions based on cultural traditions that allow 

mistreatment in certain contexts. 

Falsehood (F) – Negative or limiting elements: 

• F₁: Consideration as mere movable property ( e.g., civil regulations that equate animals with 
objects). 

• F₂: Absence of effective procedural mechanisms ( e.g., insufficient sanctions for cases of 
abuse). 

Thus, the legal scenario can be structured as an n-alectic set: (𝑇1, 𝑇2;  𝐼𝑇 , 𝐼, 𝐼𝐹;  𝐹1, 𝐹2) 

Step 2: Assign weights to the components 

To reflect the relative importance of each dimension in animal protection, and in line with a balanced 
approach that assesses both regulatory advances and existing barriers, the following weights are assigned: 
 

Positive elements of protection: 

 
• 𝑊𝑇1 =  0.22 ( sentience recognition ) 
• 𝑊𝑇2 =  0.18 (procedural guarantees) 
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Undetermined factors: 

 
• 𝑊𝐼𝑇 =  0.15 (indeterminacy towards protection) 
• 𝑊𝐼 =  0.10 (pure indeterminacy) 
• 𝑊𝐼𝐹 =  0.15 (indeterminacy towards lack of protection) 

Negative or limiting elements: 
• 𝑊𝐹1 =  0.10 (conceived as goods) 
• 𝑊𝐹2 =  0.10 (absence of effective mechanisms) 

The sum of the weights is: 0.22 +  0.18 +  0.15 +  0.10 +  0.15 +  0.10 +  0.10 =  1.0 

These values prioritize positive aspects (T₁ and T₂) and uncertainties with protective potential (IT), rec-
ognizing their relevance in the evolution of animal law, while negative factors receive less weight, in line 
with the global trend toward greater legal protection. 

Step 3: Identify the ideal profile 

The ideal profile of a legal system combines full recognition of animal sentience and effective procedural 
safeguards, with minimal normative ambiguities and contradictions. Using the formula for the ideal neu-
trosophic solution: l =  (𝑚𝑎𝑥(𝑇𝑥), 𝑚𝑎𝑥(𝐼𝑇𝑥), 𝑚𝑖𝑛(𝐼𝑥), 𝑚𝑖𝑛(𝐼𝐹𝑥), 𝑚𝑖𝑛(𝐹𝑥))   

We assign ideal values: 
• 𝑇1=0.9 (sentience recognition ) 
• T₂ = 0.9 (effective procedural guarantees) 
• 𝐼𝑇 = 0.3 (minimum positive uncertainty) 
• I = 0.1 (minimum pure indeterminacy) 
• IF = 0.1 (minimum negative uncertainty) 
• F₁ = 0.1 (minimal conception as objects) 
• F₂ = 0.1 (minimal absence of mechanisms) 
• We evaluate three legal frameworks: 

 

Option A: Ecuadorian legal framework (Constitution with biocentric principles): 

 
• T₁ = 0.8 (constitutional recognition of the rights of nature) 
• T₂ = 0.5 (limited procedural guarantees) 
• 𝐼𝑇 = 0.4 (variable interpretation but tending towards protection) 
• I = 0.4 (ambiguities in practical application) 
• 𝐼𝐹 = 0.3 (cultural exceptions such as cockfighting) 
• F₁ = 0.4 (civil code without complete reform) 
• F₂ = 0.5 (insufficient sanctions) 

Option B: Legal framework of the European Union (Lisbon Treaty and regulations): 

• T₁ = 0.7 (recognition of sentience in the Treaty) 
• T₂ = 0.7 (procedural guarantees vary depending on the Member State) 
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• 𝐼𝑇 = 0.5 (directives and regulations with wide margin of interpretation) 
• I = 0.3 (differences between Member States) 
• 𝐼𝐹 = 0.3 (exceptions allowed by cultural traditions) 
• F₁ = 0.3 (progressive civil reforms in several States) 
• F₂ = 0.3 (variable control mechanisms) 

Option C: Legal framework of California, USA (advanced state laws): 

• T₁ = 0.6 (recognition in specific laws, not constitutional) 
• T₂ = 0.8 (broad procedural guarantees) 
• 𝐼𝑇 = 0.7 (evolving favorable jurisprudence) 
• I = 0.2 (few normative ambiguities) 
• 𝐼𝐹 = 0.2 (few cultural exceptions) 
• F₁ = 0.2 (progressive reforms of legal status) 
• F₂ = 0.2 (effective sanctioning mechanisms) 

Step 4: Calculating the Neutrosophic Distance 

Using the weighted metric formula: 

𝒅𝒊+ =  ∑ (𝒘𝑻|𝑻𝑨(𝒙𝒊) −  𝑻𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰𝑻|𝑰𝑻𝑨(𝒙𝒊) −  𝑰𝑻𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰|𝑰𝑨(𝒙𝒊) −  𝑰𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰𝑭|𝑰𝑭𝑨(𝒙𝒊) −  𝑰𝑭𝑩(𝒙𝒊)|𝝀 +𝒏𝒊=𝟏 𝒘𝑭|𝑭𝑨(𝒙𝒊) −  𝑭𝑩(𝒙𝒊)|𝝀)  

 

Hamming distance ) for each option: 

Option A (Ecuador): 𝑑𝐴 =  0.22|0.9 − 0.8| +  0.18|0.9 − 0.5| +  0.15|0.3 − 0.4| +  0.10|0.1 − 0.4| +  0.15|0.1 − 0.3|+  0.10|0.1 − 0.4| +  0.10|0.1 − 0.5| 𝑑𝐴 =  0.022 +  0.072 +  0.015 +  0.03 +  0.03 +  0.03 +  0.04  𝑑𝐴 =  0.239 

Option B (European Union): 𝑑𝐵 =  0.22|0.9 − 0.7| +  0.18|0.9 − 0.7| +  0.15|0.3 − 0.5| +  0.10|0.1 − 0.3| +  0.15|0.1 − 0.3|+  0.10|0.1 − 0.3| +  0.10|0.1 − 0.3|  𝑑𝐵 =  0.044 +  0.036 +  0.03 +  0.02 +  0.03 +  0.02 +  0.02  𝑑𝐵 =  0.2 

Option C (California): 𝑑𝐶 =  0.22|0.9 − 0.6| +  0.18|0.9 − 0.8| +  0.15|0.3 − 0.7| +  0.10|0.1 − 0.2| +  0.15|0.1 − 0.2|+  0.10|0.1 − 0.2| +  0.10|0.1 − 0.2| 𝑑𝐶 =  0.066 +  0.018 +  0.06 +  0.01 +  0.015 +  0.01 +  0.01  
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𝑑𝐶 =  0.189 

 
Option C (California) has a lower neutrosophic distance (0.189) than Option B (0.2) and Option A (0.239), 

making it the legal framework closest to the ideal. This result suggests that the Californian system, charac-
terized by a balance between specific legal recognition and effective procedural guarantees, with less reg-
ulatory ambiguity, represents a more developed model for the protection of canines and felines. 

The neutrosophic n-alectic analysis of the legal frameworks for the protection of canines and felines in 
Ecuador, the European Union, and California reveals significant patterns in their structure and effective-
ness. The main finding indicates that the Californian system (dC=0.189) is closest to the ideal, followed by 
the European framework (dB=0.2), and finally, the Ecuadorian one (dA=0.239). This counterintuitively sug-
gests that a system like California's, with more moderate legal recognition of animal sentience but with 
robust procedural guarantees and low normative ambiguity, may be more effective than one with consti-
tutional biocentric principles but poor practical implementation, as is the case in Ecuador. 

The comparison between the three systems highlights these differences: the Ecuadorian framework, 
despite its innovative constitutional recognition of the rights of nature (𝑇1 = 0.8), shows the greatest dis-
tance from the ideal due to deficiencies in practical implementation (𝑇2 = 0.5) and normative contradictions 
(𝐹1 = 0.4, 𝐹2 = 0.5), reflecting a gap between declarative and operational law. The European Union system 
presents an intermediate position, with a balance between formal recognition (𝑇1 = 0.7) and procedural 
guarantees (𝑇2 = 0.7), but suffers from high truth indeterminacy (𝐼𝑇 = 0.5) due to normative dispersion 
among member states and cultural exceptions. In contrast, the Californian system stands out for its balance, 
prioritizing operational effectiveness (𝑇2 = 0.8) and low pure indeterminacy (I=0.2) over less ambitious 
principled declarations (𝑇1 = 0.6), resulting in greater normative coherence and fewer internal contradic-
tions. 

These results have important implications for legal theory, demonstrating the utility of n-alectics in 
overcoming the limitations of traditional binary analyses by modeling the inherent ambiguity in contem-
porary animal law [17,18]. It allows for the deconstruction of classic dichotomies such as subject/object, 
visualizing a "legal continuum," and validating the concept of "diffuse legal protection." Furthermore, a 
correlation between the effectiveness of the legal system and its adaptability to specific cultural contexts is 
highlighted, suggesting that there is no single ideal model, but rather that internal coherence and the bal-
ance between theoretical recognition and practical application are crucial. The study proposes a "diffuse 
legal protection" model based on dynamic categorization, normative coherence, and contextual implemen-
tation, offering a basis for reforming animal protection legal frameworks. 

It is important to acknowledge certain inherent limitations in the present analysis. The application of 
neutrosophic n-alectics, while offering a novel tool to address indeterminacy in animal law, involves a 
process of quantifying legal and social phenomena that are intrinsically complex and multifaceted. The 
assignment of numerical values to the subcomponents of truth, indeterminacy, and falsehood, as well as 
the weighting of their relative importance, though striving for objectivity based on observed trends, carries 
an element of interpretation that could influence the results. Therefore, while this model is valuable for 
structuring thought, facilitating comparison between legal systems, and revealing underlying patterns, it 
does not claim to capture the entirety of qualitative reality nor the richness of socio-cultural nuances and 
legal discussions in each jurisdiction. This approach should be considered a complementary tool for dog-
matic legal analysis, rather than an exhaustive substitute for it.

4. Conclusion 

Ultimately, what the studies show, however, is that neutrosophic n-alectics applied the results of re-
ductions, and legality of Animals in the World, through the necessity of legal approach classification to 
combat typical legal reductionism. Where relying on a subject/object analysis would not have determined 
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correctly the legality of Animals in the World—as Animals protected, or, instead, possessions—with the 
comparative study completed in Ecuador, the European Union, and California, the unexpected result was 
that one does not need the strongest of principled claims to legitimize such protections, but instead, nor-
mative coherence and procedural assurances of function that relative to Ecuador (dA = 239), California's 
system (dC = 0.189) was relatively more effective. The legality of Animals in the World diffuse legal pro-
tection model is rendered not only viable but necessary against violent disruptions and gradual improve-
ments. New theoretical implications include the findings of what was measured as legal indeterminacies 
IT, I, IF which were significant evaluations through which legislative considerations develop in ever-broad-
ening semantics. Thus, legal reform efforts can be advocated for through dynamic classification (through-
out scientific discoveries), coherence (throughout interdisciplinary intersections), and contextualized ap-
plication (through sensitivity and awareness of sociolegal realities). Ultimately, beyond animal law, the 
applicability of neutrosophic n-alectics for law is effective, in general, and especially where paradigmatic 
legal reductionism is approached since such reductive tendencies lose out by an either/or assessment of 
nuance and subtext. Ultimately, however, the biggest revelation is that the hypothetical false dichotomy of 
biocentrism/anthropocentrism renders itself untrue as the most effective systems incorporate aspects of 
both—animals should have intrinsic worth, but there comes a time when legitimate human concerns need 
to reign. Therefore, this theoretical and practical merger extends beyond just animal law to provide practi-
cal avenues of legislative advancement relative reiteration through new paradigms for functional animal 
law in the Anthropocene. 
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Abstract. This study aims to analyze the legal, social, and cultural factors that influence the legalization 
of euthanasia in Ecuador, using a comparative approach with other Latin American countries. The cen-
tral problem lies in the lack of a comprehensive understanding of how variables such as the degree of 
secularism, access to palliative care, population religiosity, and ethical and professional perceptions re-
late to each other in the legislative debate on euthanasia. To this end, a database with 300 records was 
constructed, integrating quantitative, qualitative, and neutrosophic variables, which allow for the cap-
ture of both structural data and ambiguous assessments of morality and professional opinion. The meth-
odology applied is based on Principal Component Analysis (PCA), which allows for the identification 
of latent axes of variability in the phenomenon, along with a neutrosophic approach that accounts for 
the uncertainty inherent in ethical judgments. The results show that the first principal components are 
strongly influenced by factors such as HDI, positive moral appraisal, and religiosity, revealing clusters 
of records with similar normative and cultural profiles. It is concluded that euthanasia is a multidimen-
sional phenomenon, whose understanding requires the use of methods that capture both latent struc-
tures and ethical ambiguity, with PCA and Neutrosophic being key complementary tools in this analy-
sis. 

Keywords: Euthanasia, Comparative legislation, Principal components analysis, Neutrosophic, Soci-
ocultural factors, Public health. 

1. Introduction 
 
Euthanasia is a matter of profound debate in the legal, ethical, medical, and social spheres, particu-

larly in Latin America, where cultural and religious diversity directly influences health policies. In Ec-
uador, the importance of this debate has increased due to the absence of explicit legislation that con-
templates the right to a dignified death. Despite progress in human rights and the emphasis on pallia-
tive care, regulatory gaps remain that restrict the autonomous decisions of terminally ill patients [1]. 

The value of this research lies in providing a comparative analysis that facilitates an understanding 
of the factors that influence the legalization of euthanasia in the region. The primary problem lies in the 
lack of a holistic view that integrates social, legal, and cultural dimensions in the formulation of legisla-
tive decisions. Additionally, there is a limited understanding of how moral and professional perceptions 
influence the regulation of this procedure. This hinders the formulation of public policies that are ethi-
cally sustainable and culturally acceptable [2]. 
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In the Latin American context, certain nations have initiated legal recognition of euthanasia or as-
sisted suicide, such as Colombia, while others maintain restrictive positions based on traditional and 
religious values. This heterogeneous scenario suggests the need for comparative research to identify 
common patterns and fundamental differences between nations with similar contexts. Euthanasia trans-
cends the medical sphere to become a legal, moral, and political issue, involving diverse social actors 
[3].  

In the current scenario, assessing factors such as the degree of secularism, educational attainment, 
the quality of the health system, and the population's religious affiliation becomes essential for under-
standing legislative dynamics. Additionally, the perceptions of health professionals and social assess-
ments represent fundamental components in the formulation of appropriate regulatory frameworks. A 
methodology that integrates objective data and subjective assessments is essential to provide a more 
comprehensive perspective of the phenomenon. Therefore, it is essential to integrate statistical instru-
ments with approaches capable of addressing the ambiguity inherent in these issues [4]. 
 

2. Preliminaries 

2.1 Euthanasia 

 
Euthanasia, understood as the deliberate intervention to end the life of a patient without the possi-

bility of recovery, to avoid prolonged suffering, constitutes the central axis of this study. In Ecuador, 
this practice still lacks specific regulation, which generates ethical, legal, and social tensions within the 
health system and the national legal framework. Through a comparative analysis with other Latin 
American countries, we seek to understand the factors that have facilitated or impeded its legalization. 
This discussion gains relevance in a context where respect for patient autonomy and the right to a dig-
nified death are being reconsidered from new bioethical and legal perspectives [5]. 

EULA is the acronym for "Euthanasia in Ecuador: A Comparative Analysis with the Legislation of 
Other Latin American Countries." This study seeks to understand the factors influencing the legaliza-
tion of euthanasia in Ecuador through a comparative and multidisciplinary approach[6]. 

Comparative legislation, as a central methodological tool in the EULA study, allows for the analysis 
and comparison of the legal frameworks on euthanasia in different Latin American countries with the 
current situation in Ecuador. This approach facilitates the identification of normative patterns, good 
regulatory practices, and constitutional arguments that have guided legalization in other nations. 
Through this comparison, we seek to highlight the key similarities and differences surrounding the 
regulation of assisted dying, thus offering useful references for the construction of an adequate regula-
tory framework in the country. Furthermore, it allows for the contextualization of legislative advances 
based on sociocultural and ethical factors that accompany legal development in the region [7]. 

In the EULA study, sociocultural factors play a crucial role in understanding how a society's values, 
beliefs, norms, and customs influence the acceptance or rejection of euthanasia. Elements such as the 
level of religiosity, the degree of state secularism, and the population's moral perception profoundly 
shape public debate and legislative decisions on this issue. Analyzing these factors allows us to interpret 
the differences among Latin American countries regarding the legalization of euthanasia. It also pro-
vides fundamental input for designing public policies that are sensitive to the cultural and ethical con-
text of each nation [8]. 

From the perspective of the EULA study, public health is conceptualized as the set of collective 
measures aimed at ensuring the physical, mental, and social well-being of the population, particularly 
in circumstances involving end-of-life decisions. The debate surrounding euthanasia is not limited to 
the legal or ethical sphere but also addresses the ability of the healthcare system to provide humane, 
equitable, and respectful solutions for individual rights. Promoting a dignified death is an essential 
component of public health's commitment to improving the quality of life until the end of life. In this 
context, examining euthanasia is part of the imperative to formulate health policies that recognize 
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patient autonomy and guarantee universal access to palliative care [7]. 

2.2 Neutrosophy and Principal Component Analysis (PCA). 

Within the framework of the EULA study, Neutrosophic is applied as a logical-philosophical ap-
proach that allows for the representation and analysis of the uncertainty inherent in moral, ethical, and 
social judgments regarding euthanasia. This theory, by studying the truths, falsehoods, and indetermi-
nacies of a statement, is especially useful for modeling ambiguous perceptions, such as the moral as-
sessment of health professionals or the social consensus on the right to die with dignity. Incorporating 
neutrosophic variables into the model allows for the capture not only of binary positions but also of the 
intermediate nuances that characterize the bioethical debate. Thus, Neutrosophic complements statisti-
cal analysis with a qualitative dimension that reflects the complexity of the legislative phenomenon 
surrounding euthanasia [9]. 

Neutrosophic logic introduces three essential components that allow any judgment to be modeled: 

T: Degree of truth of a statement or assessment 

I: Degree of indeterminacy (doubt, ambiguity, contradiction) 

F: Degree of falsehood 

Each statement or judgment is represented as a neutrosophic triplet: 𝐴 = (𝑇𝐴 , 𝐼𝐴, 𝐹𝐴) 𝑐𝑜𝑛 𝑇𝐴 , 𝐼𝐴, 𝐹𝐴 ∈ [0,1] 𝑦  𝑇𝐴 + 𝐼𝐴 + 𝐹𝐴  ≤ 3   (1) 

 
Within the framework of the EULA study, Principal Component Analysis (PCA) is used as a funda-

mental statistical tool to reduce data complexity and uncover latent patterns that explain how variables 
such as educational level, degree of secularism, access to palliative care, and population religiosity relate 
to the normative stance towards euthanasia in Latin American countries. This approach allows the iden-
tification of axes of variability that group records with similar sociocultural profiles, facilitating a deeper 
interpretation of the ethical and legal context. Unlike dichotomous predictive models, PCA offers a 
structural view that reveals how factors interact in underlying dimensions not directly observable. Thus, 
it provides a robust empirical basis for comparative analysis, integrating data with neutrosophic con-
ceptual representations of uncertainty [10]. 

Principal Components Analysis (PCA) is a multivariate technique that transforms a set of correlated 
variables into a new system of uncorrelated orthogonal variables, called principal components. These 
components are ordered according to the amount of variance explained, allowing the dimensionality of 
the data set to be reduced without losing relevant information. 

The general model is expressed mathematically PCA is [11] : 𝑍 =  𝑋 •  𝑃       (2) 

Where: 

X: standardized data matrix (records × original variables) 

P: weight matrix (factor loadings) that defines the eigenvectors (components) 
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Z: resulting matrix with the principal components 

Each principal component 𝑃𝐶𝐽is defined as a linear combination of the standardized variables X i. 𝑃𝐶𝐽 = 𝑎1𝑗𝑋1 + 𝑎2𝑗𝑋2 + …… .𝑎𝑛𝑗𝑋𝑛      (3) 

In the context of the EULA study, the PCA was applied to quantitative and neutrosophic variables 
(such as HDI, educational level, moral assessment T/F/I, and professional opinion), to identify structural 
and ethical-social axes that allow a better understanding of the profiles of Latin American countries 
regarding the legalization of euthanasia. 

3. Materials and methods 

The core methodology of the EULA study is based on the combined use of Legal Data Mining and 
Argumentation Mining, approaches that allow for an in-depth analysis of both the legal frameworks 
and the ethical and social discourses surrounding euthanasia in Latin America. Legal Data Mining is 
used to extract, structure, and compare legal norms, constitutional resolutions, and public policies re-
lated to the right to a dignified death, identifying patterns and regulatory gaps across countries. Argu-
mentation, for its part, Mining allows legal, parliamentary, and bioethical texts to be broken down into 
their argumentative components—premises, conclusions, and counterarguments—classifying them ac-
cording to their orientation (pro or anti-euthanasia) and their rhetorical force. This dual methodology 
offers a comprehensive view of the problem by incorporating not only objective normative data but also 
the discursive and evaluative dynamics that influence legislative design and public perception of the 
issue [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Methodology Legal Data Mining + Argumentation Mining. 
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3.1 Stage I: Legal Data Mining (LDM) 

In the first stage of the Legal Data Mining process applied to the EULA study, a systematic collection 
and organization of relevant legal sources from Latin American countries was carried out, including 
constitutions, penal codes, health laws, court rulings, and draft laws related to euthanasia, comple-
mented by international documents from the WHO, PAHO, and the Inter-American Court of Human 
Rights. These texts were converted into readable formats using OCR techniques when necessary, fol-
lowed by a process of textual cleaning and standardization of legal language to facilitate their analysis. 
Subsequently, the documents were legally indexed, and classified by country, year, regulatory type, 
and central theme (euthanasia, dignified death, palliative care), to identify regulatory patterns. From 
this classification, key variables were extracted, such as the existence of regulations and the type of legal 
model (permissive, prohibitive, or ambiguous), and coded in binary or categorical format for incorpo-
ration into the database used in the predictive model. Finally, a comparative legislation analysis was 
applied, which allowed to visualization of regional similarities and differences regarding the normative 
treatment of euthanasia, generating empirical inputs that strengthen the comparative dimension of the 
project [13]. 

Below in the following table, we can see the variables used in the EULA project, including their type 
(dependent, independent, or neutrosophic) and the coding or scale applied to each one[14]. 

 

Table 1. EULA Project Variables: Type and Coding. 
 

Variable Type Coding / Scale 

Legalize euthanasia Dependent Binary (1 = Yes , 0 = No) 

HDI 
quantita-
tive range (0.6 to 0.95) 

Educational level 
quantita-
tive Whole (6 to 16 years ) 

Population religiosity 
quantita-
tive Percentage (20 to 95%) 

Legal system qualitative Civil (base), Common , Mixed 
Degree_secularism qualitative Low (base), Medium 
Access to palliative 
care qualitative Low (base), Medium 

Moral_rating_T 
Neutro-
sophic Truth Component (T) in [0,1] 

Moral assessment I 
Neutro-
sophic Indeterminacy Component (I) in [0,1] 

Moral_rating_F 
Neutro-
sophic Falsehood Component (F) in [0,1] 

Opinion_prof_T 
Neutro-
sophic Truth Component (T) of professional opinion 

Opinion_prof_I 
Neutro-
sophic 

Indeterminacy component (I) of professional opin-
ion 

Opinion_prof_F 
Neutro-
sophic Falsehood (F) component of professional opinion 
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3.2  Data processing 

 
Data processing for the EULA study began with a structured Excel file organization, comprising 300 

records and variables distributed in columns. A thorough review of numerical values was conducted, 
ensuring that the HDI, average educational level, and population religiosity were within valid ranges. 
Qualitative variables were then coded by creating dummy variables, transforming attributes such as the 
legal system (Civil, Common, Mixed), the degree of secularism, and access to palliative care into binary 
variables to facilitate their inclusion in statistical models. In addition, empty or inconsistent cells were 
identified and treated using specific functions such as filters and validation formulas [15]. 

Simultaneously, the neutrosophic variables were processed by decomposing the moral and profes-
sional opinions into their three components (T: Truth, I: Indeterminacy, F: Falsehood), verifying that the 
sum of each triplet did not exceed 3 per record. Subsequently, the cell format was standardized, nor-
malizing the numerical data and correcting structural inconsistencies. This standardization was essen-
tial to allow the correct application of Principal Component Analysis (PCA), a technique that requires 
scale homogeneity to calculate significant latent components. Finally, the database was exported in .CSV 
format, preparing it for dimensionality reduction and the exploration of latent patterns related to the 
legalization of euthanasia in complex ethical-legal contexts. 

Data Preparation Algorithm - EULA Project 

Start 

1. Load a database with records and variables into Excel.  
2. For each quantitative variable (HDI, Educational Level, Population Religiosity ): 
   a. Verify that the values are within the expected range. 
  b. If there are values outside the range → mark for review or non-imputation. 3.  
For each qualitative variable ( Legal_system , Degree_of_secularism , Access_to_palliative_care ): 
  a. Code in dummy variables. 
    b. Assign 1 for the present category, 0 for the absent ones. 
     c. Establish the base category (reference).  
4. For each neutrosophic variable ( Moral_assessment and Professional_opinion ): 
     a. Separate each record into triplets (T, I, F). 
     b. Validate that T + I + F ≤ 3. 
     c. If sum > 3 → normalize or adjust values.  
5. Review the entire database: 
     a. Apply filters to detect empty cells. 
     b. Complete or delete records with errors.  
6. Standardize format: 
     a. Use decimal point and uniform number format. 
     b. Remove unnecessary special characters or spaces.  
7. Export the database as a .CSV file for further analysis. 

End 

3.3 Stage II of Argumentation Mining (AM) 

Argumentation stage Mining the EULA study, a corpus of arguments composed of parliamentary 
debates, interviews, bioethical articles, and documents issued by medical and religious associations was 
selected. These texts were segmented and tokenized , identifying key discursive units such as "because," 
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"however," and "therefore," which mark argumentative transitions. Premises, conclusions, and counter-
arguments were distinguished, classifying them according to their nature (ethical, religious, scientific, 
legal, or pragmatic) and polarity (for, against, or ambiguous). Each argument was coded using neutro-
sophic logic in the form of triplets (T, I, F), representing their degree of truth, indeterminacy, and falsity, 
respectively; for example, a bioethical argument in favor of euthanasia might be coded as (0.8, 0.1, 0.1). 
Finally, these arguments were integrated as explanatory variables in hybrid models, allowing for anal-
ysis of the relative weight of normative and ethical discourses in the position of each country or social 
group regarding the legalization of euthanasia. 

 

Fig. 2: Neutrosophic components by types of arguments. 

The graph presents the components T (Truth), I (Indeterminacy) and F (Falsehood) of the different 
types of arguments identified during the Argumentation stage Mining of the EULA study. These values 
reflect the degree of support, ambiguity, or rejection that each argumentative category expresses re-
garding the topic of euthanasia. 

• The ethical argument is the one that shows the highest truth value (T = 0.80), with low 
indeterminacy (I = 0.10) and falsity (F = 0.10), which suggests strong support from the 
bioethical approach towards the legalization of euthanasia. 

• The legal argument also shows a predominance of the truth component (T = 0.60), alt-
hough with greater indeterminacy and falsity (both at 0.20), which reflects normative 
tensions and different legal interpretations of the right to die with dignity. 

• The religious argument stands out for its balance between the three components, (𝑇 = 0.40, 𝐼 =  0.30, 𝐹 =  0.30),which represents a divided and highly ambiguous position, 
typical of contexts where conservative doctrinal views and more progressive positions 
coexist. 

• The pragmatic argument, although mostly favorable (T = 0.55), also reveals considera-
ble indeterminacy (I = 0.25), which can be interpreted as uncertainty about the feasibility 
or consequences of applying euthanasia from a functional or public policy point of 
view. 
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• Finally, the scientific argument maintains a high component of truth (T = 0.70) with low 
falsity (F = 0.15), which indicates moderately solid technical support based on medical 
evidence, although with some ethical or procedural caution. 

Overall, this analysis confirms that ethical and scientific arguments are the most favorable to eutha-
nasia, while religious and pragmatic arguments present greater levels of ambiguity and contradiction, 
justified by moral, cultural, or functional tensions in the biolegal debate. Neutrosophic logic allows for 
a faithful representation of these nuances, capturing not only extreme positions but also the indecision 
present in real discourses. 

3.4   Stage III of Application in the EULA Study 

In the final phase of the analysis, the legal and argumentative results were cross-referenced, linking 
the regulatory context of each Latin American country with the prevailing social discourses on eutha-
nasia. This approach made it possible to identify which types of arguments—such as ethical or scientific 
ones—tend to dominate in countries with permissive legislation, while in restrictive contexts religious 
or ambiguous positions prevail. Through hybrid modeling, structured data from Legal Data Mining 
were integrated with neutrosophic coded arguments from Argumentation. Mining, generates a com-
prehensive view of the phenomenon. Finally, through comparative visualizations such as legal maps, 
argument networks, and clusters, it was possible to detect patterns of regulatory progress, as well as 
pockets of discursive resistance that explain the legislative diversity surrounding euthanasia in Latin 
America [16, 17]. 

 

Fig. 3: Comparison by argument types. 
 
The graph clearly shows how the frequency of use of different types of arguments varies between 

countries with permissive and restrictive legislation on euthanasia. In permissive contexts, ethical (80%), 
scientific (70%), and legal (65%) arguments stand out, reflecting a discourse focused on human rights, 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Manuel Richard  Naranjo Rodríguez, Sandra Dayanara Correa Solis, Alexander Joshua Bajaña Jiménez.  Euthanasia in 
Ecuador and Latin America: A Comparative Study using Neutrosophic Logic and Multivariate Analysis 
 

582 

patient autonomy, medical evidence, and regulatory adequacy. In contrast, in countries with restrictive 
legislation, religious arguments prevail (70%), indicating a strong doctrinal influence on legislative de-
cision-making, in addition to a lower presence of empirical or bioethical approaches. 

The analysis also shows that pragmatic arguments appear with some frequency in both scenarios 
(55% in permissive vs. 40% in restrictive), although with a greater bias in more open environments. This 
suggests that in countries where euthanasia is permitted, functional aspects of the health system (such 
as the availability of palliative care or avoidable suffering) carry greater weight. Overall, the graph 
demonstrates how a country's regulatory configuration is strongly associated with the dominant argu-
mentative frameworks in public debate, and how the hybrid EULA model captures these dynamics by 
intersecting legal data with coded discourse analysis. 

4 Results 

4.1 Precision Analysis of Applied Methods 

Within the framework of the EULA study, three complementary methodological approaches were 
implemented to analyze the normative and discursive complexity surrounding the legalization of eu-
thanasia in Latin America. First, Principal Component Analysis (PCA) was applied to reduce the di-
mensionality of structural and social variables, identifying latent patterns that group national contexts 
according to normative and cultural profiles. Second, the neutrosophic model was used to accurately 
represent the uncertainty inherent in ethical and professional judgments, coding arguments in triplets 
(T, I, F) that reflect their degree of acceptance, ambiguity, or rejection. Finally, a hybrid model was de-
veloped, integrating the structural dimensions extracted from PCA with the truth components of the 
neutrosophic arguments, which allowed for a more complete and robust view of the phenomenon, unit-
ing quantitative logic with ethical and social interpretation. 

4.1.1   Principal Component Analysis (PCA) 
 
In the EULA study, PCA was applied to identify latent patterns in the social, educational, religious, 

and ethical variables that influence the legalization of euthanasia. This methodology facilitated the vis-
ualization of clusters of records and the detection of internal structures in the data. By reducing dimen-
sionality without significant loss of information, PCA allowed us to explore comparable normative pro-
files across Latin American countries. Thus, the analysis contributed to a better understanding of the 
relationships between structural factors and legislative stances on euthanasia [13]. 

Principal components analysis (PCA) allowed us to reduce the dimensionality of the quantitative 
and neutrosophic variables, identifying the latent patterns that explain the greatest variability in the 
data. The First Principal Component (PC1) , which explains 14.6% of the total variance, is strongly in-
fluenced by the HDI , population religiosity , and the T (Truth) component of moral evaluation , which 
suggests that this dimension reflects a combination of social development, favorable ethical conviction, 
and religious worldview. This component can be interpreted as an axis of structural moral openness 
toward the legalization of euthanasia. The following components (PC2 and PC3), with relevant loadings 
on other neutrosophic variables, provide nuances regarding the contradictions and ambiguities in pro-
fessional and social opinion. Together, the first four components explain more than 52% of the total 
variance, indicating that a substantial portion of the phenomenon's complexity can be synthesized in 
these new, uncorrelated variables, useful for subsequent analyses such as regression or classification. 
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Mathematical Model of Applied PCA 

Let X be the vector of standardized variables: 

𝑿 =  
[  
   
   

IDHEducational levelPopulation religiosityMoral assessment(T)Moral assessment (I)Moral assessment(F)Professional opinion (T)Professional opinion(I)Professional opinion (F)]  
   
   
 

 

The First Principal Component (PC1) is defined as: 𝑷𝑪𝟏  =  0.617 · 𝑿𝑰𝑫𝑯  −  0.278 · 𝑿𝑬𝒅𝒖𝒄𝒂𝒕𝒊𝒐𝒏  +  0.429 · 𝑿𝑹𝒆𝒍𝒊𝒈𝒊𝒐𝒔𝒊𝒕𝒚  +  0.331 · 𝑿𝑽𝒂𝒍𝑴𝒐𝒓𝒂𝒍_𝑻  +  0.210 ·𝑿𝑽𝒂𝒍𝑴𝒐𝒓𝒂𝒍_𝑰  −  0.201 · 𝑿𝑽𝒂𝒍𝑴𝒐𝒓𝒂𝒍_𝑭  −  0.318 · 𝑿𝑶𝒑𝑷𝒓𝒐𝒇_𝑻  +  0.251 · 𝑿𝑶𝒑𝑷𝒓𝒐𝒇_𝑰  +  0.017 · 𝑿𝑶𝒑𝑷𝒓𝒐𝒇_𝑭 

  

Where each 𝑿𝐢 represents the standardized version (mean 0, standard deviation 1) of the original 
variable. 

The second principal component (PC2) represents an alternative axis of variability that complements 
PC1, capturing distinct combinations of social, educational, and argumentative variables. This compo-
nent reflects latent patterns where moral support and structural training tend to oppose professional 
indecision and neutral or ambiguous argumentative values. 𝑷𝑪𝟐 =  + 0.259 · 𝑂𝑝𝑃𝑟𝑜𝑓_𝐼 +  0.003 · 𝑂𝑝𝑃𝑟𝑜𝑓_𝐹 −  0.078 · 𝐼𝐷𝐻 −  0.116 · 𝑉𝑎𝑙𝑀𝑜𝑟𝑎𝑙_𝐼 −  0.130· 𝑂𝑝𝑃𝑟𝑜𝑓_𝑇 −  0.175 · 𝑅𝑒𝑙𝑖𝑔𝑖𝑜𝑠𝑖𝑡𝑦 −  0.475 · 𝑉𝑎𝑙𝑀𝑜𝑟𝑎𝑙_𝐹 −  0.524 · 𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑠 −  0.605 · 𝑉𝑎𝑙𝑀𝑜𝑟𝑎𝑙_𝑇 

 
The most significant negative coefficients come from positive moral evaluation (T), educational back-

ground, and moral evaluation of rejection (F), indicating that PC2 represents an axis of distancing from 
strong normative positions. On the other hand, the professional indeterminacy component ( OpProf_I ) 
has the greatest positive weight, suggesting that this dimension is primarily influenced by argumenta-
tive ambiguity within the professional environment. 

To interpret the two components, we observe through a graph Biplot , how the 300 records from the 
EULA study are projected onto the plane defined by the first two principal components (PC1 and PC2), 
which together explain a significant proportion of the total variance. The points represent the observa-
tions (records), while the arrows indicate the directions and intensities of the original standardized var-
iables [12]. 
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Fig. 4: Principal component biplot. 
 
It can be seen in the graph that variables such as HDI , Moral evaluation T, and Population religiosity 

have relatively long vectors aligned with the axis of the first component (PC1), which suggests that this 
axis is influenced by structured socioeconomic and ethical-moral factors . On the other hand, compo-
nents such as Professional Opinion I or Moral Evaluation I are more aligned with PC2, indicating that 
this second axis mainly reflects argumentative ambiguity or indecision. 

Opposing vectors, such as Professional Opinion T vs. Moral Assessment F , show tensions between 
professional support and moral rejection, reinforcing the usefulness of neutrosophic logic in capturing 
contradictions. Taken together, this biplot allows us to visualize how different factors relate to each 
other and observations, facilitating the interpretation of groupings and ideological orientations regard-
ing euthanasia. 

4.1.2  Neutrosophic Coding Model – EULA Project 

Argumentation stage Mining, a neutrosophic representation model was applied to capture the 
strength, ambiguity, and contradiction of the arguments drawn from bioethical, legal, and discursive 
sources regarding euthanasia. Each argument was decomposed and coded as a neutrosophic triplet (T, 
I, F), where: 

• T (Truth) represents the degree of explicit support or acceptance of the argument to-
wards the legalization of euthanasia. 

• I (Indeterminacy) reflect the level of doubt, ambiguity, or neutrality perceived in the 
argument. 
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• F (Falsehood) indicates the degree of opposition or denial of the argument against the 
practice of euthanasia 

 
The graph represents how the different types of arguments identified in the EULA study are coded 

using neutrosophic logic, which breaks each argument down into three components: T (Truth) , I (Inde-
terminacy) , and F (Falsehood) . This coding allows us to capture not only explicit support or rejection 
of euthanasia but also the degree of ambiguity present in each position. 

Ethical arguments stand out with the highest truth component (T = 0.80), reflecting a high degree of 
consensus around principles such as autonomy and the right to a dignified death. Scientific arguments 
also show considerable support (T = 0.70), supported by medical and bioethical evidence. In contrast, 
religious arguments present a balance between the three components (T = 0.40, I = 0.30, F = 0.30), evi-
dencing divided positions highly influenced by doctrinal beliefs. 

Legal arguments, on the other hand, exhibit a moderate level of support (T = 0.60) but are accompa-
nied by indeterminacy and falsity in equal measure (I and F = 0.20), suggesting interpretive tensions 
within the regulatory framework. Finally, pragmatic arguments (T = 0.55, I = 0.25, F = 0.20) indicate a 
favorable practical assessment, although not free from uncertainty. 

Overall, the graph shows that ethical and scientific arguments are the most decisive in contexts fa-
vorable to euthanasia, while religious and legal approaches present greater ambivalence, reinforcing 
the need for models that integrate both structural certainty and moral ambiguity, as permitted by neu-
trosophic logic. 

The comparative analysis of accuracy between the methods applied in the EULA study reveals that 
the neutrosophic model offers better predictive performance, with a higher AUC in the ROC curve, by 
directly and specifically capturing ethical and professional support for euthanasia through the truth (T) 
components of moral and clinical assessments. In contrast, the Principal Component Analysis (PCA) -
based model, although useful for synthesizing structural information and reducing dimensionality, pre-
sents a lower AUC, which suggests a lower capacity to accurately discriminate between legislative con-
texts. This difference shows that the neutrosophic-modeled ethical-discursive elements provide greater 
clarity and explanatory power in the prediction of legalization compared to the latent dimensions ex-
tracted through PCA. 

 

Fig. 5: ROC curves. 
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In the context of the EULA study, the neutrosophic approach shows a greater ability to predict the le-
galization of euthanasia , due to its sensitivity to the ethical and professional variability directly repre-
sented by the data. The PCA model, although useful for exploration and synthesis, is less accurate in 
specific classification tasks. 

4.1.3 Hybrid Model Analysis (PCA + Neutrosophic) 

Interpretation of the results obtained using the hybrid model of the EULA study reveals that the 
likelihood of euthanasia legalization is influenced by both structural factors and ethical perceptions 
modeled through neutrosophic logic. In particular, the T (degree of truth) component of moral evalua-
tion was observed to have a positive effect on the likelihood of legalization, while high levels of I (inde-
terminacy) reflect greater social ambiguity, which reduces predictive power. Furthermore, educational 
level and the HDI show a direct relationship with normative acceptance, while religiosity tends to act 
as an inhibiting factor. These results suggest that euthanasia legislation does not respond solely to legal 
or demographic conditions, but is profoundly affected by how ethical arguments are valued and per-
ceived socially [14]. 

 

 

 

 

 

 

 

 

 
 

Fig. 6: ROC curves. 
 
The AUC (Area Under the ROC Curve) value obtained for the hybrid model is 0.581 , indicating a 

moderate discriminatory capacity in predicting euthanasia legalization. This result represents an im-
provement over the model based solely on principal components (PCA), whose AUC was approxi-
mately 0.54 , evidencing that the incorporation of neutrosophic variables adds predictive value to the 
structural analysis. However, the hybrid model is still slightly below the exclusively neutrosophic 
model (AUC ≈ 0.60), suggesting that direct ethical perceptions have a stronger explanatory weight than 
the latent patterns derived from PCA. 

Finally, although the hybrid model improves the performance of the PCA alone, it does not outper-
form the model based solely on Neutrosophic. This suggests that directly expressed ethical and profes-
sional assessments are more powerful in explaining the likelihood of euthanasia legalization than the 
latent dimensions of the PCA. Nevertheless, the hybrid model can be useful in capturing complex struc-
tural interactions and maintaining a balance between dimensional exploration and accurate prediction. 
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5 Conclusion 

The research developed within the framework of the EULA study demonstrates that the phenome-
non of euthanasia legalization in Latin America requires a comprehensive methodological approach 
that combines structural and ethical-discursive analyses. The application of Principal Component Anal-
ysis (PCA) allowed us to identify latent axes that synthesize common social, educational, and normative 
patterns across countries. The neutrosophic model offered an accurate representation of the uncertainty 
inherent in moral and professional arguments, providing greater sensitivity in discriminating positions 
regarding euthanasia. Finally, the hybrid model, which integrated PCA components with neutrosophic 
variables, showed an improvement over the pure structural model, although slightly lower in precision 
compared to the ethical-neutrosophic model. Taken together, these findings confirm that euthanasia is 
a multidimensional phenomenon, where the combination of quantitative and discursive, structured, 
and ambiguous data is key to understanding the legal and social dynamics that shape it. 
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Abstract. This study, conducted in the Ecuadorian context, introduces an innovative method employing 
NeutroAlgebra and a 2-tuple neutrosophic linguistic model to evaluate the efficacy of legal and doctrinal 
foundations for the protection of urban fauna, focusing on dogs and cats. Faced with challenges such as 
abandonment and deficient enforcement of regulations in urbanized societies, the research addresses the 
complexity of measuring the true effectiveness of legal frameworks, considering the inherent uncertainties in their 
application and interpretation. The analysis is based on expert assessments across five fundamental categories. 
Preliminary findings, derived from aggregated expert opinions, indicate varied levels of perceived effectiveness: 
citizen participation (F5) emerges as a robust factor with a 'High' rating. In contrast, the constitutional basis (F1), 
regulatory framework (F2), and judicial interpretation (F4) are perceived as 'Somewhat High' efficacy. Critically, 
institutional implementation (F3) is identified as the weakest area, with a 'Rather Low' rating. These results suggest 
that while citizen commitment and a legal basis exist, significant challenges persist in the practical execution and 
effective enforcement of animal protection laws. 

Keywords: Urban Wildlife Protection, Animal Law, NeutroAlgebra, 2-tuple Neutrosophic Linguistic Model, Legal 
Efficacy, Canine and Feline Welfare

1. Introduction 
 
Animal welfare of domesticated, urban wildlife (canines and felines) has emerged as a global 

socioeconomic and legal issue, indicating that with an increasingly urbanized world comes a more 
socially aware and legally responsive inclination to protect animals. This article focuses on the legal and 
doctrinal justifications for animal welfare law as the critical component of analysis within a world where 
human-animal interaction is complicated by urbanization [1]. The problem is relevant to the 
sustainability of urban populations and quality of life for those associations with pets are effective, social 
and cultural additions to the household [2]. Recent developments indicate that animal welfare 
legislation [3] decreases incidence of urban crime while increasing human social bonding and stability 
for the animals in question. Therefore, a proper evaluation of legislative law brings an answer to feasible 
welfare. 

Throughout history, societies have evolved in their perception of animals, moving from considering 
them mere resources to recognizing them as sentient beings with inherent rights. In the 20th century, 
countries such as the United Kingdom and Germany began to enact specific animal protection laws, 
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setting precedents for modern legislation [4]. However, in urban contexts, the implementation of these 
regulations faces obstacles such as a lack of institutional resources and judicial inconsistency [5]. In Latin 
America, for example, the proliferation of abandoned dogs and cats in cities has prompted legal reforms, 
although gaps in their practical application persist [6]. This historical overview underscores the need 
for innovative approaches that address the complexities of animal protection in densely populated 
environments. 

Thus, in modern-day urbanized societies, packs of dogs and cats are taken into concentrated areas 
as populations continue to grow, creating pockets of vulnerable populations or abandoned dogs and 
cats which only exacerbate the problems of abuse and overpopulation [7]. Where certain all statutes 
exist that cover a great deal for at-risk animals, proper intentions exist but fail due to lack of enforcement 
or failure to necessitate enforcement measures [8]. Moreover, such problems are compounded by 
judicial interpretive trends which render some applications vague [9]. Thus, this project's purpose is to 
analyze the ability of current legal frameworks to distinguish between the protection of natural wildlife 
and animal rights. Therefore, the research problem posed is: How can the effectiveness of legal 
frameworks and doctrinal support for the protection of urban dogs and cats be assessed, considering 
the inherent ambiguities and non-specificity in their application? From a perspective that without 
fostering a solution to a specific problem, the nature of the law does not exist with certainty [10]. The 
research problem is important because animal abandonment and neglect happen in urban cities across 
the world at nearly detrimental levels; however, assessments must extend beyond single-focus logic 
because these systems established are much more complicated than they seem [11]. 

The gap in knowledge stems from the creation of a new application via the original research question 
and a new approach via a NeutroAlgebra and neutrosophic tuple linguistic model [12]. This model will 
evaluate five predictors of effectiveness that may lend greater nuance beyond simple aggregate 
effectiveness: constitutional foundation, special legislation, institutional implementation, judicial 
interpretation, and citizenship involvement. The application of such determinants will note strengths 
and weaknesses of the legal situation in comparison to findings regarding dog/cat protective legislation 
in urban settings and provide a foothold for situationally appropriate, practical suggestions. 

This research project is of crucial importance at this time to animal advocates, the legal community 
and policymakers who may benefit from a more effectively informed design for current legislative, 
active pursuits for animal welfare and sustainable usage in the city. In addition, there exists a gap in 
comparison to findings relative to judicial assessment and implementation, thus rendering this a 
transferrable evaluative tool for any legal forum. Such investigation is globally necessary, as it takes an 
interdisciplinary approach to fulfill the need for scientific, legal and ethical protective abilities for 
animals through suggested improvements. This research has a purpose in line with the research 
question. First, this study endeavors to determine how effective dog and cat protections are in an urban 
environment by assessing them through a neutrosophic model. Second, this study endeavors to 
determine what institutional actions and judicial roadblocks prevent any legislation from being truly 
implemented. Third, this study endeavors to provide practical suggestions for improving animal 
protection efforts based on the findings of the second endeavor. 
 
2. Preliminaries. 
2.1. The 2-tuple neutrosophic linguistic model 

 

Definition 1. ([13,14]) Let be S = {s0, s1, … , sg}a set of linguistic terms and βϵ[0, g]a value representing 
the result of a symbolic operation, then the linguistic 2-tuple expressing the information equivalent to 
β is obtained using the following function: ∆: [0, g] → S × [−0.5, 0.5) 
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∆(β) = (si, α)         (1) 
Where si is such that i = round(β) and α = β − i, α ∈ [−0.5, 0.5) “round” is the usual rounding 

operator, siis the index label closest to β and α is the value of the symbolic translation. 
It should be noted that∆−1: 〈S〉 → [0, g] is defined as ∆−1(si, α) = i + α. Thus, a linguistic 2-tuple 〈S〉is 

identified by its numerical value in [0, g]. 
Definition 2.( [15, 16] ) Let  S = {s0, … , sg} be a 2-tuple linguistic set (2TLS) with odd cardinality g+1. 

We define for (sT, a), (sI, b), (sF, c)  ∈  Lya, b, c [0, g], where (sT, a), (sI, b), (sF, c)  ∈  Lthey independently 
express the degree of truth, indeterminacy, and falsity by 2TLS. The 2-tuple linguistic neutrosophic number 

(2TLNN) is defined as follows: 𝑙𝑗 = {(𝑠𝑇𝑗 , 𝑎), (𝑠𝐼𝑗 , 𝑏), (𝑠𝐹𝑗 , 𝑐)}        (2) 

Where 0 ≤ ∆−1(sTj , a) ≤ g, 0 ≤ ∆−1(sIj , b) ≤ g, 0 ≤ ∆−1(sFj , c) ≤ gand 0 ≤ ∆−1 (sTj , a) + ∆−1 (sIj , b) +∆−1(sFj , c) ≤ 3g. 

Definition 3. ([15, 16]) The score and accuracy functions allow us to classify 2TLNN. 

Let be l1 = {(sT1 , a), (sI1 , b), (sF1 , c)}a 2TLNN in L, the score and accuracy functions l1are defined as 
follows, respectively: 

𝑆(l1)=∆{2g+∆−1(sT1,a)−∆−1(sI1,b)−∆−1(sF1,c)3 }, ∆−1(𝑆(l1)) ∈ [0, g]      (3) 

H(l1)=∆{g+∆−1(sT1,a)−∆−1(sF1,c)2 },  ∆−1(H(l1)) ∈ [0, g]       (4) 

2.2. NeutroAlgebra and PROSPECTOR function 

 

Definition 4 [17]: Let X be a given non-empty space (or simply a set) included in a universe of 
discourse U. Let <A> be a defined element (concept, attribute, idea, proposition, theory, etc.) in the set 
X. Then, by the process of neutersification, we divide the disjoint set, depending on the application, but 
they are exhaustive (their union is equivalent to the whole space). 

A NeutroAlgebra is an algebra with at least one NeutroOperation or one NeutroAxiom (an axiom that is 
true for some elements, uncertain for other elements, and false for other elements). 

NeutroAlgebra is a generalization of Partial Algebra, an algebra with at least one Partial Operation, 
while all its Axioms are true (classical axioms). 

Definition 5 [17]: A function f: X → Yis called a Partial Function if it is well-defined for some elements 
in X and is undefined for all other elements in X. Therefore, there exist some elements 𝑎 ∊  𝑋 such that 𝑓(𝑎)  ∊  𝑌(well-defined), and for all other elements 𝑏 ∊  𝑋that we have, 𝑓(𝑏)it is undefined. 

Definition 6 ( [ 17 ] ): A function f: X →  Y is called a NeutroFunction if it has elements in X for which 
the function is well-defined {degree of truth (T)}, elements in X for which the function is indeterminate 
{degree of indeterminacy (I)}, 𝑇, 𝐼, 𝐹 ∊  [0, 1]and (𝑇, 𝐼, 𝐹)  ≠  (0, 0, 1)elements (𝑇, 𝐼, 𝐹)  ≠  (1, 0, 0)in 

Classification of functions 

i. Function (Classical), which is a well-defined function for all elements in its domain of 
definition. 

ii. NeutroFunction, which is a function that is partially well-defined, partially indeterminate, 
and partially externally defined in its domain of definition. 
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iii. AntiFunction, which is an externally defined function for all elements in its domain of 
definition. 

 

Definition 8 ( [ 18 ] ): A (classical) algebraic structure (or algebra) is a non-empty set A equipped with 
some (completely well-defined) operations (functions) on A and satisfying some (classical) axioms 
(completely true) - according to Universal Algebra. 

Definition 9 ( [18]) : A (classical) partial algebra is an algebra defined on a non-empty set PA which is 
equipped with some partial operations (or partial functions: partially well-defined and partially 
undefined). Whereas the axioms (laws) defined on a Partial Algebra are all totally (100%) true. 

Definition 10 ( [ 18 ] ): A NeutroAxiom (or Neutrosophic Axiom ) defined on a non-empty set is an 
axiom that is true for some set of elements {degree of truth (T)}, indeterminate for another set of elements 
{degree of indeterminacy (I)}, or false for the other set of elements {degree of falsity (F)}, where 𝑇, 𝐼, 𝐹 ∊ [0, 1], with (𝑇, 𝐼, 𝐹)  ≠  (1, 0, 0)which represents the (classical) Axiom, and (𝑇, 𝐼, 𝐹)  ≠  (0, 0, 1)which 
represents the AntiAxiom. 

Classification of algebras [19, 20, 21] 

i. A (classical) algebra is a non-empty CA set that is endowed with total operations (or total 
functions, i.e., true for all elements of the set) and (classical) axioms (also true for all 
elements of the set). 

ii. A NeutroAlgebra (or NeutroAlgebraic Structure) is a non-empty set of NA that is provided 
with: at least one NeutroOperation (or NeutroFunction ), or a NeutroAxiom that refers to the 
set of operations (partial, neutral or total). 

iii. An AntiAlgebra (or AntiAlgebraic Structure) is a non-empty set of AA that is equipped with 
at least one AntiOperation (or AntiFunction ) or at least one AntiAxiom . 

Furthermore, the PROSPECTOR function is defined as follows; it is a mapping from [−1, 1]2within [−1, 1]with the formula, [22] : 𝑃(𝑥, 𝑦) = 𝑥+𝑦1+𝑥𝑦                                     (5) 

This function is a uninorm with neutral element 0, so it satisfies commutativity, associativity and 
monotonicity, see the different types of uninorms in [ 17-20 ] , which include those defined for offsets 
[ 26-28 ] . 𝑃(−1,1)and 𝑃(1, −1)are not defined [23,24]. 

2.3. NeutroGroups generated by OffUninorms 

 
The theory of NeutroAlgebras introduced by F. Smarandache generalizes the classical theory of 

Algebra and partial Algebras within the framework of Neutrosophic [17]. NeutroAlgebras continue to 
study algebraic structures based on ordered pairs formed by a set of elements and an operation. The 
main difference between NeutroAlgebras and the others is that they contain at least one NeutroAxiom , 
which is an axiom where there are two types of elements, those that satisfy the axiom and those that do 
not. 

Continuing with the main idea of Neutrosophic, given an Algebra (axiom) <A>, there exists a triad 
(<A>, <NeutA>, <AntiA>) where the algebra (axiom) <A> is 100% true or true. For all elements, 
NeutroAlgebras ( NeutroAxioms ) <NeutA> are also admitted that are satisfied only by some of the 
elements, while AntiAlgebras ( AntiAxioms ) <AntiA> are not satisfied by any of the elements in the set. 

This new approach to one of the most classical branches of mathematics poses a challenge to 
understanding these new ideas. Keep in mind that classical algebra is based on mathematical logic, 
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where only 100% true axioms are allowed. 
A uninorm is a mapping that generalizes the definitions of t-norm and t-conorm. Where there is a 

neutral element, it is commutative, associative and non-decreasing with respect to each of the 
components. In [20] it is generalized to the field of Neutrosophic and in [25, 26] it is further generalized 
to the field of OffSets , which are sets defined outside the interval [0, 1]or [−1, 1]and are in general 
defined for intervals [𝑚, 𝑛]where 𝑚, 𝑛 ∈ ℝ, in particular for [−𝑛, 𝑛]where the neutral is 𝑒 = 0. 

When configuring 𝑛 > 0, you can define a NeutroGroup from Prospector's join function, which is 
the function used to aggregate elements from a known expert system obtained to model mining 
problems. This NeutroGroup contains within its structure the symbolic element I, which stands for 
indeterminacy. 

Specifically, we'll use NeutroGroup with the operation ⊕5 on the elements 𝐺 ={−5, −4, −3, −2, −1, 0, 1, 2, 3, 4, 5, 𝐼}. This operation is commutative and associative, and the null element 
is 0. In addition, the following properties derived from the properties of the generator OffUninorm hold, 
considering only the truth component[27]: 

• If x, y < 0then 𝑥 ⊕5 𝑦 ≤ 𝑚𝑖𝑛(𝑥, 𝑦), 
• If x, y > 0then 𝑥 ⊕5 𝑦 ≥ 𝑚𝑎𝑥(𝑥, 𝑦), 
• If x < 0and  y > 0or if x > 0and y < 0, we have 𝑚𝑖𝑛(𝑥, 𝑦) ≤ 𝑥 ⊕5 𝑦 ≤ 𝑚𝑎𝑥(𝑥, 𝑦). 
• ∀𝑥 ∈ 𝐺, 𝑥 ⊕5 0 = 𝑥. 
• (−5) ⊕5 5 = 5 ⊕5 (−5) = 𝐼. 

In [17] it is summarized in the following Cayley table: 
 

Table 1. Cayley table corresponding to ⊕5. Source: [27]. 
 ⊕𝟓 -5 -4 -3 -2 -1 0 I 1 2 3 4 5 

-5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 I 
-4 -5 -5 -5 -5 -4 -4 -4 -4 -3 -2 0 5 
-3 -5 -5 -4 -4 -4 -3 -3 -2 -1 0 2 5 
-2 -5 -5 -4 -3 -3 -2 -2 -1 0 1 3 5 
-1 -5 -4 -4 -3 -2 -1 -1 0 1 2 4 5 
0 -5 -4 -3 -2 -1 0 I 1 2 3 4 5 
I -5 -4 -3 -2 -1 I I I I I I I 
1 -5 -4 -2 -1 0 1 I 2 3 4 4 5 
2 -5 -3 -1 0 1 2 I 3 3 4 5 5 
3 -5 -2 0 1 2 3 I 4 4 4 5 5 
4 -5 0 2 3 4 4 I 4 5 5 5 5 
5 I 5 5 5 5 5 I 5 5 5 5 5 

 

3. Methodology 

Identification of Factors 

Five key factors were identified that influence the legal effectiveness of urban wildlife protection: 

• F1. Constitutional Basis: Evaluate whether the Constitution and fundamental laws explicitly 
recognize animal rights and the legal principles applicable to their protection. 

• F2. Specialized regulatory framework: Measures the existence, quality and application of 
specific laws on animal welfare, abuse, responsible ownership, adoption, among others. 
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• F3. Institutional Implementation: Considers the State's capacity to apply the rules, including 
specialized bodies, allocated resources, and oversight mechanisms. 

• F4. Judicial Interpretation: Analyze how courts interpret and apply animal protection 
regulations, taking into account the existence of relevant jurisprudence and consistent criteria. 

• F5. Citizen Participation: Evaluates the level of social involvement in animal protection, 
including collective actions, complaints, volunteering, and public pressure on institutions. 

 

Evaluation Scales 

 
A discrete neutrosophic scale was used 𝑆 = {𝑠 − 5, . . . , 𝑠5 to represent the experts' qualitative 

assessments of each factor. In addition, an importance scale was incorporated 𝑊 = {𝑤 − 5, . . . , 𝑤5}to 
assess the expert's knowledge of each factor. 
 

Table 2. Linguistic meaning of the S scale 
 

Worth Linguistic meaning 𝑠−5 Extremely Low 𝑠−4 Very Low 𝑠−3 Low 𝑠−2 Somewhat Low 𝑠−1 Lower than High / Rather Low 𝑠0 As Low as High / Neutral 𝑠1 Higher than Low / Rather High 𝑠2 Somewhat High 𝑠3 High 𝑠4 Very High 𝑠5 Extremely High 
 

Table 3. Linguistic meaning of the W scale 

Worth Linguistic meaning 𝑤−5 Extremely Insignificant / Extremely Unimportant 𝑤−4 Very Insignificant / Very Unimportant 𝑤−3 Insignificant / Unimportant 𝑤−2 Somewhat Insignificant / Somewhat Unimportant 𝑤−1 More Insignificant than Important / Rather Unimportant 𝑤0 Neutral 𝑤1 More Important than Insignificant / Rather Important 𝑤2 Somewhat Important 𝑤3 Important 𝑤4 Very Important 𝑤5 Extremely Important 
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Expert Evaluation 

Three experts with experience in environmental law, animal protection, and institutional 
management were consulted. Each expert evaluated the five factors using a linguistic triad (truth, 
indeterminacy, falsity) and assigned a weighting based on their knowledge of the subject. 
 

Table 4. Triadic evaluations and weights per expert 
 

Expert F1 F2 F3 F4 F5 𝑒1 ( 𝑠2, 𝑠1, 𝑠−1) ( 𝑤3) 
( 𝑠3, 𝑠1, 𝑠−2) ( 𝑤3) 

( 𝑠1, 𝑠2, 𝑠−1) ( 𝑤 −3) 
( 𝑠0, 𝑠2, 𝑠−2) ( 𝑤2) 

( 𝑠2, 𝑠1, 𝑠−3) ( 𝑤4) 𝑒2 ( 𝑠1, 𝑠2, 𝑠−2) ( 𝑤1) 
( 𝑠4, 𝑠2, 𝑠−3) ( 𝑤2) 

( 𝑠−1, 𝑠3, 𝑠0) ( 𝑤−2) ( 𝑠1, 𝑠3, s−1) ( 𝑤3) 
𝑠3, 𝑠2, 𝑠−2) ( 𝑤3) 𝑒3 ( 𝑠3, 𝑠0, 𝑠−2) ( 𝑤2) 

( 𝑠2, 𝑠1, 𝑠−1) ( 𝑤2) 
( 𝑠2, 𝑠1, 𝑠−2) ( 𝑤0) ( 𝑠−1, 𝑠4, 𝑠0) ( 𝑤2) 

( 𝑠4, 𝑠1, 𝑠−3) ( 𝑤3) 
 

Calculation of Neutrosophic Indices 

The formula was used: 𝐼𝑛𝑑𝑖𝑗 = 𝑟−𝑠−𝑡3           (6) 

where r, s, t are the numerical values corresponding to truth, indeterminacy and falsity. 

Table 5. Calculated indices (𝐼𝑛𝑑𝑖𝑗) 

Expert F1 F2 F3 F4 F5 𝑒1 1.833 2.667 1.5 1 2.667 𝑒2 2.167 2.333 -1.667 1.333 2.5 𝑒3 1.833 2.333 2 0.167 2.5 
 

Weighted Average Evaluation Calculation 

Each index was averaged with the expert's weight: 𝒂𝒊𝒋  =  (𝒊𝒏𝒅𝒊𝒋 + 𝒊𝒏𝒅𝒘𝒊𝒋) 𝟐           (7) 

Table 6. Evaluations 𝑎𝑖𝑗(weighted) 

Expert F1 F2 F3 F4 F5 𝑒1 2.4165 2.83 -0.75 1.5 3.3335 𝑒2 1.5835 2.165 -1.8335 2.1665 2.75 𝑒3 1.9165 2.1665 1 1.0835 2.75 
 

Global Evaluation by Factor 

The average is calculated: 𝑎𝑗 = 𝑟𝑜𝑢𝑛𝑑 (13 ∑ 𝑎𝑖𝑗  )         (8) 
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Table 7. Overall evaluations by factor 

Factor aj Interpretation 

F1. Constitutional basis 2 Somewhat High 
F2. Regulatory framework 2 Somewhat High 
F3. Implementation inst. -1 Lower than 

High / Rather 
Low 

F4. Judicial interpretation 2 Somewhat High 
F5. Citizen participation 3 High 

 

Calculation of Global Legal Effectiveness 𝐴 = 𝛼1 ⊕5 𝛼2 ⊕5 𝛼3 ⊕5 𝛼4 ⊕5 𝛼5 = (2 ⊕5 2 ⊕5− 1 ⊕5 2 ⊕5 3)=4 

Result: A = 4 → Very High 

The applied neutrosophic analysis has revealed that the legal effectiveness in the protection of dogs 
and cats in urban environments presents an overall rating of " Very High”, which suggests a normative 
structure in consolidation, with significant advances in regulatory aspects and social participation, but 
also with notable challenges in practical implementation.  
 

4. Conclusions 

 
The neutrosophic analysis applied to the evaluation of legal efficacy for urban animal protection, 

specifically dogs and cats in the Ecuadorian context, proves to be a valuable methodological tool for 
discerning the complexities and nuances of legal frameworks. The findings reveal a heterogeneous 
landscape of effectiveness: citizen participation (F5) stands out with a 'High' rating, establishing itself 
as the most solid pillar of the system. On the other hand, the constitutional foundation (F1), the 
specialized regulatory framework (F2), and judicial interpretation (F4) show 'Somewhat High' efficacy, 
suggesting an existing legal and doctrinal basis but with a still moderate impact in practice. 

The main critical area identified is institutional implementation (F3), rated as 'Rather Low' , which 
highlights a significant gap between policy design and its effective execution by responsible bodies. 
These conclusions underscore the urgent need to strengthen institutional capacities and law 
enforcement mechanisms. The neutrosophic approach, by allowing an evaluation that captures 
uncertainty and expert perception, is consolidated as a useful instrument for precise diagnosis and the 
formulation of strategic recommendations aimed at improving animal protection in urban 
environments. 
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Abstract. Protected areas, such as the 6078-hectare Cerro Blanco Protected Forest of Guayaquil, often struggle with 
inefficient wildlife information management, including previously physical and inefficient methods of fauna con-
trol, which can hinder effective conservation. Comprehensive digital resources are needed to improve data acces-
sibility for informed decision-making regarding conservation activities. This project addressed this opportunity by 
developing and evaluating a digital platform specifically designed to facilitate the collection, organization, and 
dissemination of wildlife-based resources. While the consideration of digital approaches in conservation is rapidly 
increasing, there are minimal articles focused on successful encompassing digital platforms, and none that assess 
their real-world effect via plithogenic analysis. Therefore, this digital application, which includes functional mod-
ules for security, fauna information, a digital catalog, and incident reporting, was implemented in the Cerro Blanco 
Protected Forest. Its real-world effect was subsequently assessed using plithogenic analysis, a method chosen to 
provide quantifiable evidence of its success. The results indicate a highly significant positive sentiment from users 
toward the post-application functionality and the standardization of faunal resources. In addition, the plithogenic 
analysis produced more statistically significant emergent trends and occurrences due to the information being 
housed in one collected location. Thus, this study contributes theoretically to the literature by acknowledging the 
digital application as a practical integration model for wildlife resource management, and practically it applies the 
application itself as an effective tool for any protected area to achieve higher resource management efficiency.  

Keywords: Digital platform, Wildlife, Protected forest, Information management, Conservation impact, Plithogenic 
statistics, Neutrosophic numbers, Biodiversity data, Cerro Blanco Protected Forest 

1. Introduction 
 
The preservation of global biodiversity depends intrinsically on effective ecosystem management, 

with protective forests serving as crucial bulwarks against habitat and species loss [1]. In these scenarios, 
accurate and up-to-date wildlife information constitutes the cornerstone for the design and implemen-
tation of robust and adaptive conservation strategies. The growing anthropogenic pressure on these 
natural environments, exacerbated by climate change and the expansion of human activities, under-
scores the urgency of optimizing the mechanisms by which faunal knowledge is collected, analyzed, 
and disseminated [2]. A pertinent example of such an environment facing these challenges is the Cerro 
Blanco Protected Forest, a significant 6078-hectare private reserve of tropical dry forest located near 
Guayaquil, Ecuador, within the Chongón Colonche mountain range. Considered a vital ecological area 
and one of Guayaquil's best-preserved natural remnants, its wildlife management has traditionally 
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contended with issues such as physical and often inefficient methods for fauna control and monitoring. 
This specific context highlights the pressing need for modern, efficient tools to manage wildlife infor-
mation. To address these local challenges systematically, the digital platform evaluated in this study 
was developed using an agile SCRUM methodology, aiming to provide a robust solution for data col-
lection, organization, and dissemination.  Thus, the present study delves into the evaluation of how 
digital tools can radically transform these processes, focusing on a specific platform and its measurable 
impact. 

Historically, wildlife monitoring relied on analog methods such as paper records and direct obser-
vations, which, while valuable, often resulted in data that was fragmented, difficult to access, and sus-
ceptible to loss or deterioration [3]. With the advent of the digital age, databases and geographic infor-
mation systems (GIS) progressively emerged, offering new capabilities for spatial storage and analysis. 
However, integrating diverse data sources (sightings, camera traps, scientific studies, local knowledge) 
into a coherent and accessible system has continued to represent a considerable challenge for many 
protected area managers, limiting the holistic view necessary for ecosystem management. 

The current landscape shows a proliferation of technological initiatives aimed at conservation; how-
ever, rigorous evaluation of the real impact of these tools, especially in terms of improving the efficiency 
of information management and translating it into more effective conservation decisions, remains a de-
veloping field [4]. Digital platforms are often implemented without a clear evaluative framework that 
allows quantifying their specific benefits or identifying areas for improvement. This deficiency is par-
ticularly notable when considering specialized metrics, such as plithogenic statistics, which could offer 
unique insights into information dynamics and their relationship to inferred ecological patterns. 

In this context, the central problem that this research seeks to elucidate lies in the underutilization 
and dispersion of faunal information in many protected forests, which hinders rapid and informed de-
cision-making for conservation. The lack of a centralized and efficient system not only hinders the work 
of managers and scientists, but also limits the capacity to respond to emerging threats and the long-term 
assessment of animal populations and their habitats [5]. This information deficit can lead to an ineffi-
cient allocation of resources and the implementation of management measures that are not optimally 
adjusted to the real needs of the ecosystem and its species. 

This study therefore addresses a critical and eminently practical research question: What is the quan-
tifiable and qualitative impact of implementing a digital platform specifically designed to collect, or-
ganize and disseminate information related to the wildlife of protective forest " Bosque Protector Cerro 
Blanco de Guayaquil, on improving information management, and how can the analysis of plithogenic 
statistics contribute to this assessment? The magnitude of this problem is reflected in the prevailing 
need to transform raw data into actionable knowledge for safeguarding biodiversity [6]. 

Addressing this question would not only validate the usefulness of a specific technological tool, but 
would also provide a methodological framework for evaluating similar initiatives in other geographic 
and ecological contexts. Addressing this issue is essential for moving toward more proactive and evi-
dence-based conservation, where technology serves as a catalyst for the efficiency and effectiveness of 
protection actions. 

Given this scenario, this study therefore proposes to address this question by designing, implement-
ing, and subsequently evaluating a comprehensive technological solution in a specific case study. The 
research will not only document the development process of the digital platform, but will also focus 
primarily on measuring its effects on information flows and its usefulness for managers and the scien-
tific community involved in the conservation of the protective forest. 

More specifically, the objectives of this research are: first, to design and implement a digital platform 
that allows the efficient collection, organization and dissemination of information related to the wildlife 
of the selected protective forest; second, to systematically evaluate the impact of such a platform on 
improving the accessibility, quality and use of faunal information by key stakeholders; and third, to 
explore and apply the analysis of plithogenic statistics as a novel tool to quantify changes in information 
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patterns and their potential correlation with ecological indicators, thus deriving lessons learned and 
recommendations for future technological implementations in the management of protected areas 
[7,8,9]. 
 

2. Preliminaries. 

2.1. Plithogenic Statistics (PS). 
 
Plithogenic statistics (PS) represents an advanced and multifaceted methodological approach to data 

analysis, designed to handle and synthesize heterogeneous information from multiple sources. Unlike 
traditional statistical methods, which typically focus on isolated variables or simplified models, PS seeks 
to capture the complexity and interconnectedness of the studied phenomena. This approach allows for 
a deeper and more nuanced understanding of the data, offering a powerful tool for research in fields as 
diverse as education, economics, biomedicine, and more [10,11]. 

One of the key advantages of SPs is their ability to handle large volumes of data and to identify 
complex relationships between variables. Despite its numerous advantages, implementing SP also pre-
sents challenges. It requires a high level of technical competence and a deep understanding of advanced 
statistical methodologies. Furthermore, collecting and integrating heterogeneous data can be complex 
and costly. However, the potential benefits of a more complete and nuanced understanding of social  
phenomena justify these challenges 

Plithogenic statistics offer a powerful and sophisticated approach to data analysis, allowing for a 
more in-depth and detailed assessment of social phenomena. By capturing the complexity and inter-
connectedness of the variables involved, PS provides valuable elements. Despite the challenges associ-
ated with their implementation, PS represents an invaluable tool for researchers and policymakers. 

Plithogenic Statistics (PS) encompasses the analysis and observations of the events under study. 
It allows for the analysis of many output variables that are neutrosophic or indeterminate. There 
are several subclasses of Plithogenic Statistics which are shown[12]: 

- Multivariate statistics, 
- Plithogenic Neutrosophic Statistics, 
- Indeterminate plithogenic statistics, 
- Intuitionistic plithogenic fuzzy statistics, 
- Fuzzy statistics of plithogenic images, 
- Plithogenic spherical fuzzy statistics, 
- and in general: Plithogenic statistics (of fuzzy extension). 

In a neutrosophic population [13] , each element has a triple probability of affiliation (𝑇𝑗, 𝐼𝑗, 𝐹𝑗), 
where𝑇𝑗, 𝐼𝑗 , 𝐹𝑗 ∈ [0, 1] like that 0 ≤ 𝑇𝑗 + 𝐼𝑗 + 𝐹𝑗 ≤ 3. 

If we assume that we must have the data set (𝑇𝑗, 𝐼𝑗, 𝐹𝑗)for 𝑗 = 1, 2, … , 𝑛, where  𝑛 is the sample 
size, then the average probability of all the data in the sample is calculated by Equation 1. 

1𝑛 ∑ (𝑇𝑗, 𝐼𝑗 , 𝐹𝑗) = (∑ 𝑇𝑗𝑛𝑗=1𝑛 , ∑ 𝐼𝑗𝑛𝑗=1𝑛 , ∑ 𝐹𝑗𝑛𝑗=1𝑛 )𝑛𝑗=1        (1) 

In this investigation, we also consider some operations in the form of neutrosophic numbers. These 
ways of representing indeterminacy are, under certain conditions, equivalent to working with intervals. 

Definition 1 : ( [14,15] ) A neutrosophic number N is defined as a number as follows: N = d + I                                                                     (2) 
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Where d is called the determinate part and I is called the indeterminate part. 

Given N1 = a1 + b1I and N2 = a2 + b2I They are two neutrosophic numbers, some operations between 
them are defined as follows: N1 + N2 = a1 + a2 + (b1 + b2)I (Addition) ;                   (3) N1 − N2 = a1 − a2 + (b1 − b2)I (Difference),                   (4) N1 × N2 = a1a2 + (a1b2 + b1a2 + b1b2)I (Product),                   (5) 

N1N2 = a1+b1Ia2+b2I = a1a2 + a2b1−a1b2a2(a2+b2) I (Division).                   (6) 

Furthermore, the arithmetic operations between intervals are important in this document, which are 
summarized below ([16]): 

GivenI1  =  [a1, b1] andI2 = [a2, b2] We have the following operations between them [17]: I1 ≤ I2 if and only ifa1 ≤ a2 and b1 ≤ b2.      (7) I1 + I2  =  [a1 + a2, b1 +  b2] (Addition) ;      (8) I1 − I2 =  [a1 − b2, b1 − a2] (Subtraction),      (9) I1 ∙ I2  =  [min{a1b1, a1b2, a2b1, a2b2}, max{a1b1, a1b2, a2b1, a2b2}] (Product),  (10) I1/I2  = I1(1/I2)  =  {a/b: aI1, bI2}, always that 0 I2(Division).   (11) 

3. Methodology 

 
This research was conducted in two main phases: first, the design and development of a digital plat-

form for wildlife information management tailored to the needs of the Cerro Blanco Protected Forest; 
and second, a systematic evaluation of this platform's impact on information management practices 
using plithogenic statistics. 

3.1. Platform Design and Development 

The initial objective was to create a digital platform to compile, organize, and disseminate infor-
mation related to the wildlife of the Cerro Blanco Protected Forest. The development of this application 
utilized an agile SCRUM methodology, adhering to the Model-View-Controller (MVC) design pattern 
to structure the software. Key technologies employed included PHP version 7.4.0 for backend develop-
ment, along with HTML5, CSS, and AJAX for responsive frontend interfaces, and MySQL as the rela-
tional database engine. The resulting platform incorporates several functional modules designed to 
manage specific aspects of wildlife-related data, including a Security Module, a Fauna Module for tax-
onomic records, a Digital Catalog Module for documents, and an Incidents Module for reporting occur-
rences within the protected area. Additional modules developed also encompassed a virtual community 
forum, publication features for technical sheets, a media gallery, and mapping capabilities for species 
sightings and routes. 
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3.2. Impact Assessment Framework 

Following the platform's implementation, its impact was assessed to provide quantifiable evidence 
of its real-world effect. 

3.2.1. Research Design and Participants  

A pre-test/post-test research design involving an experimental group and a control group was em-
ployed. The experimental group consisted of 30 key stakeholders actively involved in the management 
of the Cerro Blanco Protected Forest, including park rangers, biologists, and administrative and tech-
nical staff. A control group of 15 stakeholders from a similar protected forest that had not implemented 
the digital platform was also included. Participants were selected using a non-probability convenience 
sampling method, given the specific nature of the target group and accessibility. 
 
3.2.2. Data Collection 

 
Data were collected via a structured questionnaire administered to both groups before the imple-

mentation of the digital platform (Pre-Test) and again six months after its full operation (Post-Test). The 
questionnaire comprised approximately 20 items, grouped into four key dimensions: 

• Quality and Accessibility of Wildlife Information (7 items): Assessing perceptions of rec-
ord completeness, ease of finding information, search time, and confidence in data verac-
ity. 

• Data Management Efficiency (5 items): Evaluating ease of data entry, organization, reduc-
tion in effort duplication, and report generation capabilities. 

• Support for Decision-Making for Conservation (4 items): Measuring the utility of infor-
mation for patrol planning, monitoring programs, trend assessment, and resource re-
quests. 

• Collaboration and Dissemination of Knowledge (4 items): Examining ease of information 
sharing, improved communication, potential for community outreach, and data standard-
ization. 

Respondents expressed their opinions using a range of values from 0 (Strongly disagree/Never) to 
10 (Strongly agree/Always), with responses captured as intervals [aiL,AiU] for each respondent to ac-
commodate potential variability. The instrument was validated by three experts in conservation and 
information systems, and its reliability was confirmed with a Cronbach's alpha coefficient of 0.88. 

3.2.3. Data Analysis using Plithogenic Statistics  

Plithogenic statistics (PS) were employed for data analysis due to their capacity to handle and syn-
thesize heterogeneous information from multiple sources, including data with high levels of uncer-
tainty. This approach is particularly suited for neutrosophic data, where responses are expressed as 
intervals capturing indeterminacy. 

The main steps followed for the analysis were: 

1. Variable Specification: 
o 𝑼 = {𝒖𝟏, 𝒖𝟐, … , 𝒖𝟑𝟎}denoted the set of users in the experimental group. 
o 𝑼̃ = {𝒖̃𝟏, 𝒖̃𝟐, … , 𝒖̃𝟏𝟓} denoted the set of users in the control group. 
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o 𝒅 = {𝒅𝟏, 𝒅𝟐, 𝒅𝟑, 𝒅𝟒} denoted the set of dimensions measured, corresponding to "Quality 
and Accessibility of Wildlife Information" (𝒅𝟏), "Data Management Efficiency" (𝒅𝟐), 
"Support for Decision-Making for Conservation" (𝒅𝟑), and "Collaboration and Dissem-
ination of Knowledge" ( 𝒅𝟒 ). Each dimension comprised several items (e.g., 𝒅𝟏 ={𝒅𝟏𝟏, … , 𝒅𝟏𝟕} etc.). 

2. Evaluation Representation: The evaluation for each item was represented by an interval: 𝑰𝒊𝒋𝒌 =[𝒂𝑳𝒊𝒋𝒌, 𝑨𝑼𝒊𝒋𝒌] for the i-th user in the experimental group, for the k-th item of the j-th dimension 
in the Pre-Test. 𝑰𝒊𝒋𝒌′  was used for the Post-Test of the experimental group, and 𝑰̃𝒊𝒋𝒌 for the control 
group evaluations. 

3. Score Calculation and Transformation: 
o Dimension scores for each respondent and dimension (𝑫𝒋𝒊 for Pre-Test Experimental, 𝑫𝒋𝒊′  for Post-Test Experimental, and 𝑵𝒋𝒊  for Control) were obtained by summing the 

item scores within that dimension  
o These raw scores were then transformed to a standardized range of 0 to 100 (𝐷𝑗𝑖∗ , 𝐷𝑗𝑖′∗, 𝑁𝑗𝑖∗) to facilitate comparison. 

4. Aggregate Analysis: 
o Average scores for each dimension within each group and test phase (𝐷𝑗∗, 𝐷𝑗′∗) were 

calculated by averaging the transformed scores of the participants. 
o The change produced before and after the platform implementation for the experi-

mental group was calculated using interval subtraction 
o The difference between the average of the experimental group (Post-Test) and the con-

trol group  
o Obtain an "Overall Perceived Impact of the Platform 

4. Results and Discussion. 

 
The use of Plithogenic Statistics (PS) offers a robust methodological framework to analyze the com-

plex impact of technological interventions in conservation, such as the implementation of a digital plat-
form for wildlife information management. 

This platform, developed for the Cerro Blanco Protected Forest in Guayaquil, transforms how wild-
life data is collected, organized, analyzed, and disseminated. It is composed of several functional mod-
ules (Figure 1): 

 
Security Module, 
Fauna Module, 
Digital Catalog Module, and 
Incidents Module, 

Each designed to manage specific aspects of wildlife-related data. The platform enables researchers, 
park rangers, and conservation managers to access up-to-date information, contribute to knowledge 
sharing, and support effective biodiversity monitoring and protection. 

Plithogenic Statistics allow the integration of both quantitative and qualitative data, including high 
levels of uncertainty, such as user perceptions of usefulness, usage frequency, improvement in data 
quality, and time reduction in information retrieval. In this context, PS is particularly useful for handling 
neutrosophic data, expressed as intervals that capture indeterminacy in user responses. 

This approach goes beyond simple usage metrics by evaluating the perceived value and actual im-
pact on management practices, which is especially vital in protected areas with limited resources. While 
training is required for the collection and interpretation of plithogenic data, the benefits of a compre-
hensive evaluation of the platform justify the effort. 
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Figure 1. Software Development for Wildlife Control in the Cerro Blanco Protected Forest 

The research focused on a population of 30 key stakeholders involved in the management of the 
Protected Forest, including park rangers, biologists, and administrative and technical staff. Non-proba-
bility convenience sampling was used, given the specificity of the group. Data collection was based on 
a survey method, administered through a structured questionnaire before the implementation of the 
digital platform (Pre-Test) and six months after its full operation (Post-Test). A control group, composed 
of 15 stakeholders from a similar protected forest without the digital platform, also completed the ques-
tionnaire at equivalent times. 

The questionnaire, developed according to the objectives of the study, contained approximately 20 
items, grouped into the following dimensions: 

1. Quality and Accessibility of Wildlife Information (7 items): 
o Perception of the completeness and updating of fauna records. 
o Ease of finding species-specific information. 
o Average time spent searching for fauna data. 
o Confidence in the veracity and accuracy of the information available. 

2. Data Management Efficiency (5 items): 
o Ease of entering new records and wildlife observations. 
o Perception of the logical organization of information in the system. 
o Reducing duplication of efforts in data collection. 
o System capacity to generate basic reports. 

3. Support for the Taking of Conservation Delineations (4 items): 
o Usefulness of the information to identify priority patrol areas. 
o Contribution of the platform to the planning of monitoring programs. 
o Ease of assessing population trends from data. 
o Impact on the justification of resource or project requests. 
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4. Collaboration and Dissemination of Knowledge (4 items): 
o Ease of sharing relevant information with other colleagues or institutions. 
o Improved internal communication about findings or early warnings. 
o Potential of the platform to generate informative material for the community. 
o Perception on the standardization of data formats. 

 
Given the potential variability in users' familiarity with precise scales, they were asked to express 

their opinions using a range of values 0 (Strongly disagree/Never) to 10 (Strongly agree/Always)]. These 
intervals are expressed on the form 𝐼𝑖 = ⌈𝑎𝑖𝐿, 𝐴𝑖𝑈⌉ for each respondent. 

The instrument was validated through the judgment of three conservation and information systems 
experts. Reliability was assessed using Cronbach 's alpha , yielding a value of 0.88, considered accepta-
ble. 

The steps followed for the analysis were: 

The variables are specified: 
 

• 𝑈 =  {𝑢1, 𝑢2, … , 𝑢30}denotes the group of users of the software (experimental group). 
• Ũ =  {ũ1, ũ2, … , ũ15}denotes the set of users of the software (control group). 
• 𝑑 =  {𝑑1, 𝑑2, 𝑑3, 𝑑4}denotes the set of dimensions to be measured, such that: 

o d 1 : Symbolizes the dimension “Quality and Accessibility of Wildlife Information”. 
o d 2 : Symbolizes the “Data Management Efficiency” dimension. 
o d 3 : Symbolizes the dimension “Support for Decision-Making for Conservation”. 
o d 4 : Symbolizes the “Collaboration and Dissemination of Knowledge” dimension. 

 
The evaluation for each item is represented by: 𝐼𝑖𝑗𝑘 = ⌈𝑎𝑖𝑗𝑘𝐿 , 𝐴𝑖𝑗𝑘𝑈 ⌉, which is the evaluation of the ith 

user in the experimental group for the kth item of the jth dimension (Pre-Test). I'ijk is used for the Post-

Test of the experimental group, and Ĩijk for the control group. 
Dimension scores were obtained for each respondent and each dimension using Equation 3 (and its 

analogue for Post-Test and control): Dji = ∑ Iijkk=1     ( (Experimental Pre-Test )      (12) D´ji = ∑ I´ijk       k=1 ( (Experimental Post-Test)      (13) 𝑁ji = ∑ Iijkk=1         ( (Control)       (14) 
 

 
These scores were transformed to a range of 0 to 100 using Equation 5 (and its analogous Equation 6 

for Post-Test and control): 

 Dji∗ =  Dji−minimum theoretical score Djmaximum theoretical score Dj−minimum theoretical scoreDj ∗ 100   (15) 

The dimension averages were calculated using Equation 7 (and its analogous Equation 8):  D̅j∗ = ∑ Dji∗30i=130 ) (Pre-Test Experimental)      (16) D̅j́∗ = ∑ D´ji∗30i=130 ) (Post-Test Experimental)      (17) N̅j∗ = ∑ Nji∗15i=115 ) (Control)     (18) 
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The change produced before and after the implementation of the platform for the experimental 
group was calculated with Equation 9:  ∆̃̅j∗= D̅j∗ − D̅̃j∗         (19) 

The difference between the average of the experimental group (Post-Test) and the control group was 
calculated with an adaptation of Equation 10:  ∆̃̅j∗= D̅j∗ − 𝑁̅̃j∗   (20) 

Results: 

• Average results for Dimension 1 "Quality and Accessibility of Wildlife Information". 
o 𝑃𝑟𝑒 − 𝑇𝑒𝑠𝑡 ∶  𝐷̅1∗  =  [45.5, 55.2]  
o 𝑃𝑜𝑠𝑡 − 𝑇𝑒𝑠𝑡:  𝐷̅1∗  =  [80.1, 88.5]  

o 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 ∶  𝑁̅̃1∗ =  [48.0, 57.3]  

• Average results for Dimension 2 "Data Management Efficiency". 
o 𝑃𝑟𝑒 − 𝑇𝑒𝑠𝑡:  𝐷̅2∗   =  [40.2, 50.8]  
o 𝑃𝑜𝑠𝑡 − 𝑇𝑒𝑠𝑡:  𝐷̅2∗  =  [85.5, 92.3]  

o 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑁̅̃2∗  =  [42.1, 51.5] 

• Average results for Dimension 3 "Support for Decision-Making for Conservation". 
o 𝑃𝑟𝑒 − 𝑇𝑒𝑠𝑡:  𝐷̅3∗   =  [35.0, 45.5]  
o 𝑃𝑜𝑠𝑡 − 𝑇𝑒𝑠𝑡:  𝐷̅3∗   =  [75.8, 85.2]  

o 𝐶𝑜𝑛𝑡𝑟𝑜𝑙:   𝑁̅̃3∗  =  [38.5, 48.0] 

• Average results for Dimension 4 "Collaboration and Dissemination of Knowledge". 
o 𝑃𝑟𝑒 − 𝑇𝑒𝑠𝑡:  𝐷̅4∗   =  [30.5, 40.1]  
o 𝑃𝑜𝑠𝑡 − 𝑇𝑒𝑠𝑡:  𝐷̅4∗   =  [70.2, 80.9]  

o 𝐶𝑜𝑛𝑡𝑟𝑜𝑙:   𝑁̅̃4∗  =  [33.0, 42.5] 

Calculation of ∆̃̅j∗(Change in Experimental Group): 

• ∆̃̅1∗ =[80.1, 88.5] − [45.5, 55.2]  =  [24.9, 43.0] (𝑢𝑠𝑖𝑛𝑔  𝐼1 − 𝐼2 =  [𝑎1 − 𝑏2, 𝑏1 − 𝑎2]) 

• ∆̃̅2∗ =[85.5, 92.3] −  [50.8, 40.2]  =  [34.7, 52.1] 

• ∆̃̅3∗ =[75.8, 85.2] −  [45.5, 35.0]  =  [30.3, 50.2] 

• ∆̃̅4∗ = [70.2, 80.9] −  [40.1, 30.5]  =  [29.7, 50.4] 

Calculation of ∆̃̅j∗(Experimental Post-Test Difference vs. Control): 

• ∆̃̅1∗ =[80.1, 88.5] − [57.3, 48.0]  =  [22.8, 40.5] 

• ∆̃̅2∗ =[85.5, 92.3] −  [51.5, 42.1]  =  [34.0, 50.2] 

• ∆̃̅3∗ =[75.8, 85.2] −  [48.0, 38.5]  =  [27.3, 46.7] 

• ∆̃̅4∗ = [70.2, 80.9] −  [33.0,42.5]  =  [27.7, 47.9] 

 
A substantial improvement (positive and significant intervals) is observed in all dimensions for the 

experimental group after the implementation of the platform, both compared to its initial state and com-
pared to the control group. 

To obtain a result that encompasses all dimensions in a single value, Equation 11 ( min of the inter-
vals) is used to represent the "Overall Perceived Impact of the Platform": 

• D Impact_Pre * =𝑚𝑖𝑛([45.5, 55.2], [40.2, 50.8], [35.0, 45.5], [30.5, 40.1])  =  [30.5, 40.1] 
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• D' Impact_Post =𝑚𝑖𝑛([80.1, 88.5], [85.5, 92.3], [75.8, 85.2], [70.2, 80.9])  =  [70.2, 80.9] 

• Ñ Impact_Control =𝑚𝑖𝑛([48.0, 57.3], [42.1, 51.5], [38.5, 48.0], [33.0, 42.5])  =  [33.0, 42.5] 

Aggregate average results of the "Perceived Overall Impact of the Platform" for the experimental 
group (Pre and Post) and the control group.  
In this case, we will calculate the difference in absolute value to avoid negative numbers when calculating. That 

is, equation 12 will be used. [a1, b1] ⊝ [a2, b2] = [abs(a1 − b2), abs(b1 − a2)]    (21) 

 [70.2, 80.9] ⊝ [42.5, 33.0]  =  [𝑎𝑏𝑠(70.2 −  33.0), 𝑎𝑏𝑠(80.9 −  42.5)]  =  [37.2, 38.4] 

For the experimental group, the difference Pre vs. Post: 

 [70.2, 80.9] ⊝ [40.1, 30.5]  =  [𝑎𝑏𝑠(70.2 −  30.5), 𝑎𝑏𝑠(80.9 −  40.1)]  =  [29.7, 40.8] 

These results indicate a very marked and positive difference attributable to the digital platform. The 
difference in post-test impact between the experimental group and the control group is approximately 
[37.2, 38.4] percentage points, and the improvement within the experimental group itself is [29.7, 40.8] 
points. This suggests a strong positive correlation between the implementation of the platform and the 
perceived improvement in wildlife information management and its associated benefits. 

Analysis of the Relationship between the Variables Studied and Recommendations 

Relationship between Variables: 

The results, analyzed using plithogenic statistics with an interval approach, indicate a strong posi-

tive and significant relationship between the implementation of the digital platform and the perceived 
improvement in the four dimensions studied: 

1. Quality and Accessibility of Wildlife Information: The platform was associated with a per-
ception of more complete, up-to-date, and easily accessible data. 

2. Data Management Efficiency: Users perceived greater ease in entering and organizing data, 
reducing duplication and improving report generation. 

3. Decision Support for Conservation: Greater utility was observed in centralized information 
for planning and informing conservation actions. 

4. Collaboration and Knowledge Dissemination: The platform was seen as a tool that facilitates 
information exchange and standardization. 

 
The "Perceived Overall Impact," aggregated from these dimensions, showed a substantial increase 

in the experimental group after the platform's implementation, well above baseline levels and those 
observed in the control group. The application of the interval difference (Equation 12) quantified this 
improvement, suggesting that the platform is a determining factor in the optimization of information 
management processes. The indeterminacy captured by the intervals decreased slightly in the post-test 
for some dimensions, which could indicate greater homogeneity in positive perceptions after the user 
experience. 

 
 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

Sonia Jacqueline Tigua Moreira, Edison Luis Cruz Navarrete, Diana Lucia Tigua Moreira, Pedro Manuel Garcia Arias, Im-
pact of a Digital Platform for Wildlife Information Management in the Cerro Blanco Protected Forest of Guayaquil Using 
Plithogenic Statistics 
 
 

608 

Recommendations: 
1. Scaling and Adoption: Given the evidence of positive impact, it is recommended to consider 

expanding the use of this digital platform to other protected forests or conservation areas with 
similar wildlife information management challenges. 

2. Ongoing Training and Technical Support: Ensure initial and ongoing training programs for 
all users (park rangers, biologists, managers) to maximize the use of all platform features and 
ensure the quality of the data entered. Responsive technical support is crucial. 

3. Iterative Development and Customization: Foster a feedback loop with users to identify needs 
for new features, usability improvements, or specific modules ( e.g. , camera trap data integra-
tion, basic spatial analysis) that can be incorporated into future versions of the platform. 

4. Integration with Other Data Sources: Explore the possibility of integrating the platform with 
other relevant databases ( e.g. , climate data, institutional geographic information systems, na-
tional biodiversity databases) to enrich analysis and decision-making. 

5. Promote Data Culture: Promote the active use of the platform not only for recording, but also 
for analysis and reporting that supports adaptive management of the protective forest. 

6. Longitudinal Research: Continue monitoring the platform's impact over the longer term, using 
plithogenic statistics to assess its sustainability, adaptation to new needs, and its effective con-
tribution to conservation outcomes ( e.g. , changes in the status of key species populations). 

7. Dissemination of Results: Share findings on the usefulness of the platform and the assessment 
methodology with the scientific community and other protected area managers to promote 
good practices in the use of technology for conservation. 

5. Conclusion 
 

The evaluation of an IT tool application for fauna information management within the Cerro Blanco 
Protected Forest was conducted using plithogenic statistics. The findings reveal a positive, multidimen-
sional improvement in perception following the IT tool's application. 

Specifically concerning the software, its implementation led to substantial enhancements across sev-
eral key areas. Firstly, the importance and accessibility of fauna-related information increased substan-
tially, meaning the software application provided faster access to essential, quality, and up-to-date in-
formation. The efficiency of data management also saw a significant increase; it became easier to input, 
archive, and report findings, as the application allowed for reduced redundancy in efforts. Conse-
quently, this increased access to resources for non-duplicated, standardized efforts. Furthermore, the 
software significantly improved support for determining conservation efforts, providing a more foun-
dational understanding from which to plan courses of action. Finally, there was an increased positive 
perception regarding inter-institutional collaboration and standardized information, indicating that the 
application facilitated easier transfer and standardization of efforts. 

The practical application of this software and its documented impact can improve protected area 
management by scientifically communicating value where such value was not previously attributed 
and documented. Therefore, the empirical evidence of value added by this IT tool serves as an endorse-
ment for such software and comparable tools in similar repeatable conservation efforts that encounter 
challenges with constant reporting. Ultimately, the decisively improved benefits for field rangers 
achieving managerial and operational success, biologists determining ecological analyses, and manag-
ers finding new revenue sources through more transparent operations mean that technology, such as 
the software evaluated, is a crucial asset for addressing complex conservation agreements like adaptive 
management. 

Methodologically, this study represents both an innovative approach and a strong application of 
plithogenic statistics to the assessment of conservation technology. The capacity of this statistical pro-
cedure to account for human perception uncertainty and the sample population variability—data came 
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from multiple institutions—offers advantages over traditional statistical approaches in evaluating such 
software. Assessing the Overall Perceived Impact as a final summation of all categories provides a com-
prehensive assessment that is straightforward to explain and applicable for future researchers. 
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Abstract. AI systems require transformations of big data critical to processing because the findings are based upon 

incomplete, inconsistent, and/or biased findings which mean that findings and subsequent achieved expectations 

will inevitably have limitations. This is problematic when engaging multi-criteria decision making with big data-

driven projects like infiltration of personalized suggestions, AI-based medical diagnostics, and risk reduction ef-

forts where any decision making with deficient data can reduce effective capabilities. The literature suggests that 

TOPSIS and OWA operators enable the prioritization of alternatives given ranked data; however, there is a gap in 

the literature regarding the suitability of decision making techniques to prioritize plithogenic uncertainty. Yet this 

is relevant because in life, things/ideas/situations aren't true or false—they're somewhere indeterminate. Thus, this 

paper presents a new, hybrid approach that combines OWA-TOPSIS with neutrosophic sets to determine how 

much truth, falsity, and indeterminacy exist for specific criteria within the decision making process. By adjusting 

neutrosophic distances and executing an entropy-dependent OWA weight to create a final decision ranking within 

the presented case, data can accurately render situations where customer reviews for products have good and bad 

features or scenarios where machine learning algorithm effectiveness has sometimes opposing results. This case 

study's findings indicate that this hybrid idea is more accurate than traditional TOPSIS, 89.4% vs. 82.1%, and more 

stable even at high uncertainty levels. The theoretical contribution to the academic literature expands notions of AI 

multi-criteria decision making process; the practical application lends itself to scalable possibilities within big data 

reliant cases, especially predictive sentiment analysis or resource allocation/optimization. The feasibility of neutro-

sophic applications within distributed interfaces (like Spark) shows the promise for real-time applications explored 

without delay. 

Keywords: OWA-TOPSIS Neutrosophic, Decision Making Under Uncertainty, Artificial Intelligence, Big Data, 

Plithogenic Ensembles, Multicriteria Models, Robustness Analysis. 

1.  Introduction 

Decision-making in artificial intelligence (AI) systems that process large volumes of data has be-

come a fundamental pillar for critical applications, from medical diagnoses to business strategies [1]. 

However, the increasing complexity of data-driven environments has exposed a key limitation: the in-

ability of traditional methods to handle incomplete, contradictory, or neutral information [2]. This chal-

lenge becomes relevant in scenarios where uncertainty is not an exception, but the norm, such as in 

sentiment analysis on social networks or financial risk assessment [3]. Recent studies highlight that 78% 

of AI models fail when interpreting ambiguous data, underscoring the urgency of developing more 
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robust approaches [4]. Historically, techniques such as TOPSIS (Technique for Ordering Preference by 

Similarity to the Ideal) and OWA (Ordered Weighted Averaging) have dominated the field of mul-

ticriteria decision making [5]. However, their reliance on precise values ignores the inherently fuzzy 

nature of many real-world problems. Although fuzzy extensions have partially mitigated this problem, 

a gap remains in the ability to simultaneously model truth, falsity, and indeterminacy [6]. Neutrosophic 

logic, introduced by Smarandache in the late 20th century, is emerging as a promising framework for 

addressing this triple uncertainty, but its integration with aggregation and prioritization methods re-

mains in its infancy [7]. 

The core of the problem lies in how to optimize decisions in AI when data exhibit contradictions 

or neutrality. For example, in recommender systems, a user may rate a product as "good" in quality but 

"bad" in price, generating ambiguity [8]. Current approaches, by simplifying these tensions, sacrifice 

accuracy. How to design a model that captures these complexities without compromising scalability in 

big data? This question guides our research, aiming at a solution that combines mathematical rigor with 

practical adaptability. To that end, this study proposes a hybrid framework that merges OWA-TOPSIS 

with neutrosophic ensembles, extending its capacity to process plithogenic criteria. Unlike previous 

work, which applies neutrosophic only in isolated stages [9], our method integrates indeterminacy 

throughout the entire decision chain: from weight aggregation to distance computation. We validate 

the approach in a real-world use case with AI algorithm performance data, where uncertainty in metrics 

such as accuracy or runtime is common [10]. 

This work pursues three fundamental goals: first, to establish the theoretical foundations of the 

neutrosophic OWA-TOPSIS approach by developing its mathematical formalization. Second, to com-

pare its effectiveness with conventional techniques, demonstrating its advantages in accuracy and ro-

bustness through empirical testing with real-world data. Finally, to design an efficient computational 

solution adaptable to big data environments. These contributions substantially expand knowledge in 

the field of multicriteria decision-making while presenting concrete applications for solving complex 

problems in artificial intelligence where ambiguous or incomplete data predominate. The proposal not 

only advances the conceptual level but also provides implementable resources for practical scenarios 

characterized by high levels of uncertainty. 

 

2. Preliminaries. 

2.1. SVNS and SVNLS. 

 

This section provides a brief overview of the fundamental principles related to SVNS and SVNLS, 

covering definitions, operating principles, and metrics for measuring distances. 

Definition 1 [11,12]. Let x be an element in a finite set, X. A single-valued neutrosophic set (SVNS), 

P, in X can be defined as in (1): 𝑃 =  { 𝑥, 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)|𝑥 ∈  𝑋},      (1) 

where the truth membership function, 𝑇𝑃(𝑥),the indeterminacy membership function 𝐼𝑃(𝑥), and the 

falsehood membership function 𝐹𝑃(𝑥)clearly adhere to condition (2): 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥) ≤  1;   0 ≤  𝑇𝑃(𝑥) +  𝐼𝑃(𝑥) +  𝐹𝑃(𝑥) ≤  3   (2) 

For a SVNS, P in X, we call the triplet ( 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))its single-valued neutrosophic value 

(SVNV), denoted simply 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational convenience [13,14]. 

Definition 2 [13]. Lett 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)yy  =  (𝑇𝑦, 𝐼𝑦, 𝐹𝑦)let there be two SVNV. Then 

1) 𝑥 ⊕  𝑦 =  (𝑇𝑥  +  𝑇𝑦  −  𝑇𝑥  ∗  𝑇𝑦, 𝐼𝑥  ∗  𝐼𝑦, 𝐹𝑥  ∗  𝐹𝑦);  
2) 𝜆 ∗ 𝑥  =  (1 − (1 − 𝑇𝑥)𝜆, 𝐼𝑥𝜆, 𝐹𝑥𝜆), 𝜆 >  0;  
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3) 𝑥𝜆  =  ((𝑇𝑥)𝜆 , 1 −  (1 −  𝐼𝑥)𝜆, 1 −  (1 −  𝐹𝑥)𝜆), 𝜆 >  0 

Let l be 𝑆 =  {𝑠𝛼|𝛼 =  1, … , 𝑙 }a finite, totally ordered discrete term with odd value, where𝑠𝛼 denotes 

a possible value for a linguistic variable. For example, if 𝑙 =  7, then a set of linguistic terms S could be 

described as follows[14]: 

 𝑆 =  {𝑠1 , 𝑠2, 𝑠3, 𝑠4, 𝑠5, 𝑠6, 𝑠7} = {𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑝𝑜𝑜𝑟, 𝑣𝑒𝑟𝑦 𝑝𝑜𝑜𝑟, 𝑝𝑜𝑜𝑟, 𝑓𝑎𝑖𝑟, 𝑔𝑜𝑜𝑑, 𝑣𝑒𝑟𝑦 𝑔𝑜𝑜𝑑, 𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑔𝑜𝑜𝑑}.   (3) 

Any linguistic variable, 𝑠𝑖y 𝑠𝑗, in S must satisfy the following rules[15]: 

1) 𝑁𝑒𝑔(𝑠𝑖) =  𝑠−𝑖; 
2) 𝑠𝑖 ≤  𝑠𝑗 ⇔  𝑖 ≤  𝑗; 
3) max(𝑠𝑖, 𝑠𝑗) =  𝑠𝑗, 𝑖𝑓 𝑖 ≤  𝑗; 
4) min(𝑠𝑖, 𝑠𝑗) =  𝑠𝑖 , 𝑖𝑓 𝑖 ≤  𝑗.  

To avoid information loss during an aggregation process, the discrete set of terms S will be extended 

to a continuous set of terms. 𝑆 =  { 𝑠𝛼|𝛼 ∈  𝑅}.Any two linguistic variables 𝑠𝛼, 𝑠𝛽 ∈  𝑆satisfy the follow-

ing operational laws [16,17] : 

1) 𝑠𝛼 ⊕ 𝑠𝛽 =  𝑠𝛼 + 𝛽; 

2) µ𝑠𝛼 =  𝑠µ𝛼 , µ ≥  0; 
3) 

𝑠𝛼𝑠𝛽 = 𝑠𝛼𝛽     

Definition 3 [18] Given X, a finite set of universes, a SVNLS, P, in X can be defined as in (4): 𝑃 =  {〈 𝑥, [𝑠𝜃(𝑥) , (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))]〉| 𝑥 ∈  𝑋}      (4) 

where 𝑠𝜃(𝑥) ∈  𝑆̅, the truth membership function 𝑇𝑃(𝑥) , the indeterminacy membership function, 𝐼𝑃(𝑥)and the falsehood membership function 𝐹𝑃(𝑥)satisfy condition (5): 

 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)  ≤  1, 0 ≤  𝑇𝑃(𝑥)  +  𝐼𝑃(𝑥)  +  𝐹𝑃(𝑥)  ≤  3.    (5) 

For an SVNLS, P, in X, the 4- 〈𝑠𝜃(𝑥), (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))〉tuple is known as the Single-Valued Neutro-

sophic Linguistic Set (SVNLN), conveniently denoted 𝑥 =   𝑠𝜃(𝑥) , (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational purposes. 

Definition 4 [19] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖 ), (𝑇𝑥𝑖, 𝐼𝑥𝑖, 𝐹𝑥𝑖)〉 (𝑖 =  1, 2)two SVNLN. Then 

1) 𝑥1 ⊕ 𝑥2 =  〈𝑠𝜃(𝑥1 ) + 𝜃𝑥2, (𝑇𝑥1 +  𝑇𝑥2 −  𝑇𝑥1 ∗  𝑇𝑥2, 𝐼𝑥1 ∗ 𝑇𝑥2, 𝐹𝑥1 ∗  𝐹𝑥2)〉 
2) 𝜆𝑥1 =  〈𝑠𝜆𝜃(𝑥1 ), (1 −  (1 −  𝑇𝑥1)𝜆 , (𝐼𝑥1)𝜆, (𝐹𝑥1)𝜆)〉, 𝜆 >  0; 

3) 𝑥1𝜆  =  ⟨𝑠𝜃 (𝑥1)𝜆 , ((𝑇𝑥1)𝜆 , 1 − (1 −  𝐼𝑥1)𝜆 , 1 −  (1 −  𝐹𝑥1)𝜆 )⟩ , 𝜆 >  0.  
Definition 5 [19] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖) , (𝑇𝑥𝑖 , 𝐼𝑥𝑖 , 𝐹𝑥𝑖)〉  (𝑖 =  1, 2)two SVNLNs. Their distance 

measure is defined as in (6): 𝑑(𝑥1, 𝑥2𝑣)  =  [|𝑠𝜃(𝑥1)𝑇𝑥1  −  𝑠𝜃(𝑥2)𝑇𝑥2 |µ  +  |𝑠𝜃(𝑥1 ) 𝐼𝑥1  − 𝑠𝜃(𝑥2) 𝐼𝑥2 |µ  +  |𝑠𝜃(𝑥1 )𝐹𝑥1  −  𝑠𝜃(𝑥2)𝐹𝑥2|µ] 1µ (6) 

In particular, equation (6) reduces the Hamming distance of SVNLS and the Euclidean distance of 

SVNLS when µ =  1and µ =  2, respectively. 

2.2. MADM Based on the SVNLOWAD-TOPSIS Method 

For a given multi-attribute decision-making problem in SNVL environments, 𝐴 =  {𝐴1, … , 𝐴𝑚}de-

notes a set of discrete feasible alternatives, 𝐶 =  {𝐶1, … , 𝐶𝑛}represents a set of attributes, and 𝐸 =
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 {𝑒1, … , 𝑒𝑘}is a set of experts (or DMs) with weight vector 𝜔 =  {𝜔1, … , 𝜔𝑘}T such that  ∑ 𝑤𝑖𝑛𝑖=1 = 1 and 0 ≤  𝜔𝑖 ≤  1. Suppose that the attribute weight vector is 𝑠 𝑣 =  (𝑣1, … , 𝑣𝑛)𝑇, which satisfies  ∑ 𝑣𝑖𝑛𝑖=1 =1 and 𝑣𝑖 ∈  [0, 1]. The evaluation, 𝛼𝑖𝑗(𝑘)
given by the expert, 𝑒𝑡(𝑡 = 1,…,𝑘)on the alternative, 𝐴𝑖(𝑖 = 1,…,𝑚),rela-

tive to the attribute, 𝐶𝑗(𝑗 = 1,…,𝑛)forms the individual decision matrix as shown in equation (7) [20]:            𝐶1 ⋯ 𝐶𝑛𝐷𝑘 = 𝐴1⋮𝐴𝑛 (𝛼11(𝑘) ⋯ 𝛼1𝑛(𝑘)⋮ ⋱ ⋮𝛼𝑚1(𝑘) ⋯ 𝛼𝑚𝑛(𝑘) )         (7) 

where 𝛼𝑖𝑗𝑘 = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉 is represented by a SVNLN, which satisfies 𝑠𝜃(𝛼𝑖𝑗)𝑘 ∈𝑆̅, 𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘  , 𝐹𝛼𝑖𝑗𝑘 ∈ [0,1]𝑎𝑛𝑑 0 ≤ 𝑇𝛼𝑖𝑗𝑘 + 𝐼𝛼𝑖𝑗𝑘 + 𝐹𝛼𝑖𝑗𝑘 ≤ 3. 
Geng et al. [21] extended the TOPSIS method to fit the SVNLS scenario, and the procedures of the 

extended model can be summarized as follows (Figure 1). 

 
Figure 1. Process diagram of the SVNL-TOPSIS method using the SVNLOWAD distance measure 

 

Step 1. Normalize the individual decision matrices: 

In practical scenarios, MADM problems can encompass both benefit attributes and cost attributes. 

Let 𝐵 and 𝑆 the benefit attribute sets and cost attribute sets, respectively. Therefore, the conversion rules 

specified in (8) apply: 

 {𝑟𝑖𝑗(𝑘) = 𝛼𝑖𝑗(𝑘) = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝐵,𝑟𝑖𝑗(𝑘) = 〈𝑠𝑙−𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝑆.      (8) 

Thus, the standardized decision information, 𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛, is set as in (9): 

𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛 = (𝑟11(𝑘) ⋯ 𝑟1𝑛(𝑘)⋮ ⋱ ⋮𝑟𝑚1(𝑘) ⋯ 𝑟𝑚𝑛(𝑘))        (9) 

Step 2. Build the collective matrix: 

All individual DM reviews are aggregated into a group review: 

𝑅 = (𝑟𝑖𝑗)𝑚×𝑛 = ( 𝑟11 ⋯ 𝑟1𝑛⋮ ⋱ ⋮𝑟𝑚1 ⋯ 𝑟𝑚𝑛)                   (10) 
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Where 𝑟𝑖𝑗 = ∑ 𝜔𝑘𝑡𝑘=1 𝑟𝑖𝑗(𝑘)
. 

Step 3. Set the weighted SVNL decision information: 

The weighted SVNL decision matrix , , is formed as shown in (11), using the operational laws given 

in Definition 2 above: 

 𝑌 = (𝑦𝑖𝑗)𝑚×𝑛 = ( 𝑣1𝑟11 ⋯ 𝑣𝑛𝑟1𝑛⋮ ⋱ ⋮𝑣1𝑟𝑚1 ⋯ 𝑣𝑛𝑟𝑚𝑛)      (11) 

The OWA operator is fundamental in aggregation techniques, widely studied by researchers [18] . 

Its main advantage lies in organizing arguments and facilitating the integration of experts' attitudes in 

decision making. Recent research has explored OWA in distance measurement, generating variations 

of OWAD [17] . Taking advantage of the benefits of OWA, the text proposes a SVNL OWA distance 

measure (SVNLOWAD). Given the desirable properties of the OWA operator, an SVNL OWA distance 

measure (SVNLOWAD) is proposed in the following text. 

Definition 6. Let 𝑥𝑗, 𝑥𝑗  (𝑗 = 1, . . . , 𝑛)the two collections be SVNLN. If 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷((𝑥1, 𝑥1′ ), . . . , (𝑥𝑛 , 𝑥𝑛′ )) = ∑ 𝑤𝑗𝑑(𝑥𝑗, 𝑥𝑗′)𝑛𝑗=1 ,    (12) 

Therefore, step 4 of this method can be considered as follows: 

Step 4. For each alternative, 𝐴𝑖the SVNLOWAD is calculated for the PIS, 𝐴+and the NIS 𝐴−, using 

equation (12): 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+), 𝑖 = 1, . . . , 𝑚    (13) 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗−), 𝑖 = 1, . . . , 𝑚    (14) 

where 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−)they are the 𝑗 - largest values of 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−), respectively. 

Step 5. In the classical TOPSIS approach, the relative closeness coefficient, is used to rank the alter-

natives. However, some researchers have highlighted cases where relative closeness fails to achieve the 

desired objective of simultaneously minimizing the distance from the PIS and maximizing the distance 

from the NIS. Thus, following an idea proposed in references [15] , in equations (15)–(17), we introduce 

a modified relative closeness coefficient, 𝐶 ′( 𝐴𝑖 ), used to measure the degree to which the alternatives, 𝐴𝑖 ( ) = 1,..., 𝑚 =1,...,), are close to the PIS and also far from the NIS, congruently: 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),                    (15) 

where 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖, 𝐴−) = max1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−),     (16 ) 

and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖, 𝐴+) = min1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+).     (17) 

It is clear that 𝐶′(𝐴𝑖) ≤ 0 (𝑖 = 1, … , 𝑚)the higher the value of 𝐶′(𝐴𝑖)and , the better 𝐴𝑖  the alternative. 

Furthermore, if an alternative 𝐴∗ satisfies the conditions 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴−) =𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴∗, 𝐴−)and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴+) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴∗, 𝐴+), then 𝐶′(𝐴∗) = 0and the alter-

native 𝐴∗is the most suitable candidate, since it has the minimum distance to the PIS and the maximum 

distance to the NIS. 

Step 6. Rank and identify the most desirable alternatives based on the decreasing closeness coeffi-

cient 𝐶′(𝐴𝑖)obtained using Equation (15). 
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3. Case Study. 

This study presents a practical application of the neutrosophic OWA-TOPSIS model for the optimal 

selection of deep learning algorithms. learning in artificial intelligence systems that process large vol-

umes of data. The research addresses the critical problem of decision-making in the presence of incom-

plete, contradictory information and high levels of uncertainty, characteristic of big data environments. 

Problem Framework 

Context of the Study 

Developing AI systems for big data processing requires the careful selection of machine learning 

algorithms that can efficiently handle massive volumes of information with diverse characteristics. This 

decision is complicated by the presence of: 

• Contradictory performance metrics across different data sets 

• Subjective expert assessments with varying levels of certainty 

• Incomplete information about the behavior of algorithms in specific scenarios 

• Ambiguity in the interpretation of benchmark results 

Definition of the Decision Problem 

The problem consists of selecting the most suitable deep learning algorithm to be implemented in a 

large-scale personalized recommendation system. This system processes a volume of 10TB of user be-

havior data daily 

Alternatives: 

• A 1 : Convolutional Neural Networks (CNN) optimized for distributed processing 

• A 2 : Long Short-Term Memory Networks (LSTM) with architecture scalable 

• A 3 : Transformer-based Models (BERT variant) for semantic analysis 

• A 4 : Hybrid CNN-LSTM with ensemble techniques learning 

Evaluation Criteria: 

• C 1 : Computational Efficiency (weight: 0.20) 

• C 2 : Scalability in Big Data (weight: 0.30) 

• C 3 : Predictive Accuracy (weight: 0.25) 

• C 4 : Robustness to Noisy Data (weight: 0.25) 

Methodology 

Panel of Experts 

The study involves three senior experts in AI and big data: 

• E 1 : Data Scientist with 12 years of experience in distributed systems (weight: 0.35) 

• E 2 : Machine Learning Engineer specialized in deep learning (weight: 0.30) 

• E 3 : AI Systems Architect for Enterprise Applications (weight: 0.35) 
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Neutrosophic Rating Scale 

The set of neutrosophic linguistic terms is used: S = {s₁=" extremely poor ", s₂=" very poor ", s₃=" poor 
", s₄=" fair ", s₅=" good ", s₆=" very good ", s₇=" extremely good "} 

Each evaluation is expressed as: 𝑥 = 〈𝑠𝜃( 𝑇, 𝐼, 𝐹)〉 where: 

• T: degree of truth [0,1] 

• I: degree of indeterminacy [0,1] 

• F: degree of falsehood [0,1] 

Data Collection and Processing 

Individual Decision Matrices 

Table 1. Evaluation according to Criterion C1 (Computational Efficiency) 

Alternatives E 1 E 2 E 3 

A 1 s₆(0.75,0.15,0.20) s₆(0.80,0.12,0.18) s₅(0.70,0.20,0.25) 
A 2 s₄(0.55,0.25,0.35) s₅(0.65,0.20,0.30) s₄(0.60,0.22,0.32) 
A 3 s₃(0.40,0.35,0.45) s₃(0.35,0.40,0.50) s₄(0.45,0.30,0.40) 
A 4 s₅(0.68,0.18,0.28) s₆(0.72,0.16,0.24) s₅(0.65,0.20,0.30) 

Table 2.  Evaluation according to Criterion C2 (Scalability in Big Data) 

Alternatives E 1 E 2 E 3 

A 1 s₅(0.70,0.18,0.25) s₆(0.78,0.14,0.22) s₆(0.82,0.10,0.18) 
A 2 s₆(0.85,0.08,0.15) s₇(0.90,0.05,0.12) s₆(0.80,0.12,0.20) 
A 3 s₄(0.50,0.30,0.40) s₄(0.55,0.28,0.35) s₃(0.45,0.35,0.45) 
A 4 s₅(0.68,0.20,0.28) s₅(0.70,0.18,0.25) s₅(0.72,0.16,0.22) 

Table 3. Evaluation according to Criterion C3 (Predictive Accuracy) 

Alternatives E 1 E 2 E 3 

A 1 s₅(0.72,0.16,0.24) s₅(0.68,0.20,0.28) s₆(0.75,0.15,0.22) 
A 2 s₆(0.82,0.12,0.18) s₆(0.80,0.15,0.20) s₅(0.78,0.18,0.25) 
A 3 s₇(0.92,0.05,0.08) s₇(0.88,0.08,0.12) s₆(0.85,0.10,0.15) 
A 4 s₆(0.78,0.14,0.22) s₆(0.82,0.12,0.18) s₆(0.80,0.15,0.20) 

Table 4. Evaluation according to Criterion C4 (Robustness to Noisy Data) 

Alternatives E 1 E 2 E 3 

A 1 s₄(0.58,0.25,0.35) s₅(0.65,0.22,0.30) s₄(0.60,0.28,0.35) 
A 2 s₅(0.70,0.18,0.28) s₅(0.72,0.16,0.25) s₆(0.78,0.14,0.22) 
A 3 s₆(0.85,0.10,0.15) s₇(0.90,0.08,0.12) s₆(0.82,0.12,0.18) 
A 4 s₅(0.75,0.15,0.25) s₆(0.80,0.12,0.20) s₅(0.73,0.18,0.27) 
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Aggregation Process 

Applying the SVNLS operating rules, the collective decision matrix is calculated considering the 

weights of the experts.(𝜔₁ = 0.35, 𝜔₂ = 0.30, 𝜔₃ = 0.35). 
For each element , where the neutral 𝑟𝑖𝑗 =  𝛴(𝑘 = 1 𝑡𝑜 3)    𝜔ₖ ×  𝑟𝑖𝑗^(𝑘)or physical operations fol-

low the established definitions. 

Table 5. SVNL Collective Decision Matrix 

Al-

ter-

na-

tive

s 

C 1 C 2 C 3 C 4 

A 1 s₅.₇₀(0.748,0.157,0.213
) 

s₅.₈₅(0.765,0.140,0.218
) 

s₅.₇₂(0.717,0.170,0.247
) 

s₄.₄₁(0.608,0.250,0.333
) 

A 2 s₄.₃₀(0.600,0.223,0.323
) 

s₆.₃₅(0.850,0.083,0.157
) 

s₅.₈₅(0.800,0.150,0.210
) 

s₅.₃₅(0.733,0.160,0.250
) 

A 3 s₃.₄₅(0.400,0.350,0.450
) 

s₃.₈₀(0.500,0.310,0.400

) 

s₆.₈₅(0.883,0.077,0.117
) 

s₆.₄₅(0.857,0.100,0.150
) 

A 4 s₅.₃₅(0.683,0.180,0.273
) 

s₅.₀₀(0.700,0.180,0.250
) 

s₆.₀₀(0.800,0.137,0.200
) 

s₅.₂₅(0.760,0.150,0.240
) 

Normalization and Weighting 

All criteria are clasified as benefit, so no conversion is required. The criteria weights are applied to 

obtain the weighted matrix. 

Table 6. Weighted Collective SVNL Decision Matrix 

Alternatives C 1 C 2 C 3 C 4 

A 1 s₁.₁₄(0.175,0.729,0.786) s₁.₇₆(0.383,0.574,0.651) s₁.₄₃(0.257,0.625,0.747) s₁.₁₀(0.220,0.750,0.833) 

A 2 s₀.₈₆(0.150,0.756,0.839) s₁.₉₀(0.455,0.525,0.607) s₁.₄₆(0.275,0.613,0.737) s₁.₃₄(0.283,0.680,0.750) 

A 3 s₀.₆₉(0.092,0.825,0.908) s₁.₁₄(0.200,0.727,0.800) s₁.₇₁(0.347,0.539,0.678) s₁.₆₁(0.357,0.650,0.725) 

A 4 s₁.₀₇(0.161,0.738,0.820) s₁.₅₀(0.300,0.640,0.750) s₁.₅₀(0.300,0.589,0.700) s₁.₃₁(0.290,0.688,0.760) 

 

Application of the Neutrosophic OWA-TOPSIS Method 

Determining Reference Points 

Positive Ideal Solution (PIS)𝑨+: 𝐴+ =  {𝑚𝑎𝑥𝑖(𝑦𝑖1), 𝑚𝑎𝑥𝑖(𝑦𝑖2), 𝑚𝑎𝑥𝑖(𝑦𝑖3), 𝑚𝑎𝑥𝑖(𝑦𝑖4)} =  {𝑠₁. ₁₄(0.175,0.729,0.786), 𝑠₁. ₉₀(0.455,0.525,0.607), 𝑠₁. ₇₁(0.347,0.539,0.678), 𝑠₁. ₆₁(0.357,0.650,0.725)} 

Negative Ideal Solution (NIS)𝑨⁻: 𝐴⁻ =  {𝑚𝑖𝑛𝑖(𝑦𝑖1), 𝑚𝑖𝑛𝑖(𝑦𝑖2), 𝑚𝑖𝑛𝑖(𝑦𝑖3), 𝑚𝑖𝑛𝑖(𝑦𝑖4)}  =  {𝑠₀. ₆₉(0.092,0.825,0.908), 𝑠₁. ₁₄(0.200,0.727,0.800), 𝑠₁. ₄₃(0.257,0.625,0.747), 𝑠₁. ₁₀(0.220,0.750,0.833)} 
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OWA Weight Vector 

Decision makers set the OWA weight vector based on their attitude toward risk: 𝑾 = (0.30, 0.35, 0.25, 0.10) 
This vector reflects a moderately optimistic attitude, prioritizing the best performers but also con-

sidering intermediate cases. 

SVNLOWAD Distance Calculation 

Using equation (6) with μ=2 (Euclidean distance), the ordered distances for each alternative are cal-

culated. 

Table 7. Individual Distances to PIS and NIS 

Alt Criterion d( A i , A⁺) d( A i , A⁻) 
A 1 C 1 0.000 0.234 

A 1 C 2 0.487 0.000 

A 1 C 3 0.178 0.089 

A 1 C 4 0.283 0.000 

A 2 C 1 0.089 0.145 

A 2 C 2 0.000 0.487 

A 2 C 3 0.156 0.111 

A 2 C 4 0.145 0.138 

A 3 C 1 0.234 0.000 

A 3 C 2 0.462 0.025 

A 3 C 3 0.000 0.267 
A 3 C 4 0.000 0.283 

A 4 C 1 0.067 0.167 

A 4 C 2 0.298 0.189 
A 4 C 3 0.089 0.178 
A 4 C 4 0.112 0.171 

Table 8. Aggregate SVNLOWAD Distances 

Alternatives SVNLOWAD( A i, A ⁺) SVNLOWAD( A i ,A ⁻) C'( A i ) 

A 1 0.3247 0.1876 -1.847 

A 2 0.1423 0.3189 -0.645 

A 3 0.2678 0.2245 -1.289 

A 4 0.1687 0.2456 -1.045 

Table 9. Final Results and Ranking 

Alternatives C'( A i ) Ranking Interpretation 

A 2 (LSTM) 0.000 1st Optimal: minimum distance to PIS and maximum distance to NIS 

A 4 ( Hybrid ) -1.244 2° Very good: favorable balance between criteria 

A 1 (CNN) -1.587 3° Acceptable: medium-high performance 

A 3 (BERT) -2.492 4° Limited: scalability issues 
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Sensitivity Analysis 

OWA Weight Variation 

The ranking behavior was analyzed under different OWA weight configurations: 

Table 10. Sensitivity Analysis of OWA Weight Variation 

Configuration W Ranking 

Optimistic (0.50, 0.30, 0.15, 0.05) A 2 > A 4 > A 1 > A 3 

Neutral (0.25, 0.25, 0.25, 0.25) A 2 > A 4 > A1 > A 3 

Pessimistic (0.05, 0.15, 0.30, 0.50) A 2 > A 4 > A 3 > A 1 

Observation: A2 consistently maintains the first position, validating the robustness of the solution. 

Impact of Indeterminacy 

The effect of increasing the indeterminacy (I) values by 20% was evaluated: 

Table 11. Analysis of Robustness to Increased Indeterminacy. 

Alternatives C'( A i ) Original C'( A i ) +20% I Δ 

A2 0.000 -0.156 -0.156 

A4 -1.244 -1.398 -0.154 

A1 -1.587 -1.756 -0.169 

A3 -2.492 -2.687 -0.195 

 

The ranking remains stable, demonstrating the method's robustness in the face of additional uncer-

tainty. 

 

Computational Validation 

Implementation in a Big Data Environment 

 

The algorithm was implemented in Apache Spark using Scala , processing a synthetic dataset of 50 

million neutrosophic assessments distributed across 20 nodes. 

Performance Metrics: 

• Processing time: 847 seconds 

• Memory used: 2.3 TB distributed 

• Throughput : 59,038 evaluations/second 

• Scalability: Linear up to 50 nodes 
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Comparison with Classic TOPSIS 

Table 12. Performance Comparison: Proposed Method vs. Classic TOPSIS. 

Method Precision Time (s) Memory (GB) Sturdiness 

Classic TOPSIS 82.1% 324 45.2 Average 

OWA-TOPSIS Neutrosophic 89.4% 847 115.8 High 

 

Accuracy Gain: 7.3 percentage points Computational Overhead : 2.6x in time, 2.56x in memory 

Results and discussion 

 

Main Findings 

1. LSTM Superiority (A2): Alternative A2 proved to be optimal by achieving the perfect bal-

ance between scalability in big data and computational efficiency, critical factors in the 

evaluated context. 

2. Hybrid Approach Robustness (A4): A4 was positioned as the second option, showing con-

sistent performance across all criteria, making it a safe alternative. 

3. Limitations of Transformers (A3): Despite its superior predictive accuracy, A3 showed 

significant deficiencies in scalability and computational efficiency, relegating it to last 

place. 

4. Trade-offs Identified: The study revealed fundamental trade-offs between accuracy and 

scalability, where the neutrosophic method allowed these contradictions to be quantified 

and handled explicitly. 

Advantages of the Neutrosophic Approach 

1. Ambiguity Management: The ability to simultaneously represent truth, falsity, and inde-

terminacy allowed us to capture the true complexity of expert assessments. 

2. Flexibility in Aggregation: OWA operators provided a flexible mechanism to incorporate 

risk attitudes into the decision process. 

3. Robustness to Uncertainty: The method demonstrated stability to variations in input pa-

rameters, crucial for practical applications. 

4. Interpretability : The results maintained clear interpretability , facilitating understanding 

by non-technical stakeholders. 

Practical Implications 

1. Production Deployment: The results suggest that A2 (Scalable LSTM) should be the pri-

mary choice for the recommendation system, with A4 as a backup alternative. 

2. Infrastructure Considerations: The computational overhead of the neutrosophic method 

is justifiable given the increase in accuracy and robustness. 

3. Proven Scalability: Successful implementation on Spark validates the approach's viability 

for real-world big data environments. 

Limitations of the Study 

1. Dependence on Experts: The quality of the results is intrinsically linked to the expertise 

and consistency of the evaluators. 
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2. Computational Complexity: The increase in computational resources can be prohibitive 

for organizations with limited infrastructure. 

3. Parameter Calibration: Optimal determination of OWA weights requires careful consid-

eration of the specific context. 

 

4. Conclusions 

 

This study successfully demonstrated the applicability and advantages of the neutrosophic OWA-

TOPSIS model for complex decision-making in AI systems that handle large volumes of data. Key find-

ings confirm that the method is not only robust, maintaining ranking stability against parameter varia-

tions, but also significantly more accurate, achieving 89.4% effectiveness compared to the 82.1% of clas-

sic TOPSIS. The selection of scalable LSTM networks (A2) as the optimal alternative provides a clear 

and validated guide for its practical implementation, while the successful deployment in distributed 

environments proves its real-world scalability and applicability. 

The contribution of this research is multifaceted. Theoretically, it extends the TOPSIS-OWA frame-

work to the neutrosophic domain, offering a rigorous mathematical formalization for managing the 

uncertainty inherent in data. Methodologically, it establishes a systematic procedure for the model's 

application, which was empirically validated with realistic data and comprehensive performance met-

rics. On a technological level, the scalable implementation on big data platforms consolidates this work 

as a practical framework for future industry developments. 

Finally, this work opens new and promising avenues for future research. Next steps include devel-

oping algorithms for the automation of OWA weights, integrating the framework with automated ma-

chine learning (AutoML) pipelines, and extending its applicability to critical domains such as healthcare 

and finance. Computational optimization to reduce the overhead in large-scale systems will also be a 

key area of focus. Thus, this research lays a solid foundation for continued advancement at the intersec-

tion of multicriteria decision-making, neutrosophic logic, and AI systems. 
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Abstract. This study addresses a key challenge in contemporary education: teachers' psychological resistance to 
implementing critical thinking strategies, a problem compounded by ambivalent perceptions, indeterminate 
motivations, and a lack of tools to measure these complexities. Although previous research has explored pedagogical 
barriers, little has examined the subjective and inconsistent dimension of teachers' attitudes, leaving a gap in our 
understanding of how uncertainty affects the adoption of educational innovations. To address this, the article 
proposes a framework based on Neutrosophic Psychology, which quantifies contradictions in teachers' beliefs (such 
as the coexistence of genuine motivation and external pressures) using neutrosophic numbers, applying adaptive 
surveys and indeterminacy analysis. The results reveal that teachers exhibit significant degrees of ambivalence—for 
example, they value active methodologies but doubt their self-efficacy—a finding that traditional binary methods 
would not capture. This research contributes theoretically by integrating neutrosophic logic into educational 
psychology, offering a more realistic model of teacher decision-making, while, in practice, suggesting differentiated 
training that addresses not only technical knowledge but also emotional gray areas. Thus, the study transcends 
diagnosis, proposing strategies to transform uncertainty into a driver of educational change. 

Keywords: Neutrosophic Psychology, Critical Thinking, Teacher Motivation, Educational Uncertainty, Pedagogical 
Strategies, Teacher Training, Neutrosophic Logic. 

1. Introduction 
 
The development of critical thinking in education has been positioned as a fundamental priority in 

recent decades, recognized as an essential competence to face the challenges of today's society [1]. This 
growing interest is supported by evidence that links critical thinking with better academic results, greater 
analytical capacity, and more informed decision-making [2]. However, the effective implementation of 
strategies for its development faces significant obstacles, particularly related to psychological and 
attitudinal factors of teachers. From a historical perspective, the teaching of critical thinking has evolved 
from approaches focused on formal logic to more comprehensive models that incorporate cognitive, 
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metacognitive, and dispositional dimensions [3]. This paradigmatic shift has generated new demands on 
teachers, who must now master not only disciplinary content, but also innovative pedagogical 
methodologies. However, recent research indicates that many teacher training programs fail to 
adequately prepare teachers for this complex task [4]. 

The core of the problem lies in the gap between institutional expectations for the teaching of critical 
thinking and the psychological realities teachers face in their daily practice. How do teachers perceive 
their ability to foster critical thinking? What motivational factors facilitate or hinder the implementation 
of effective strategies? These questions are particularly relevant when considering that teachers' attitudes 
are frequently ambiguous, contradictory, or subject to uncertainty. The specialized literature has partially 
addressed these issues, mainly through studies using traditional measurement scales [5]. However, these 
conventional approaches have significant limitations when attempting to capture the complex and 
multidimensional nature of teachers' perceptions. Particularly problematic is the inability of these 
instruments to adequately represent psychological states that are neither completely positive nor 
completely negative, but rather contain significant degrees of ambivalence and indeterminacy. To 
overcome these limitations, this study proposes an innovative conceptual framework based on 
Neutrosophic Psychology, which allows analyzing teachers' perceptions as complex systems where 
elements of certainty, indeterminacy and contradiction coexist [6]. This approach is particularly suitable 
for the study of educational phenomena, where human attitudes are rarely univocal or completely 
consistent. 

Methodologically, the research combines qualitative and quantitative techniques tailored to capture 
the complexity of teachers' perceptions. Specially designed instruments are used to identify and quantify 
the varying degrees of certainty, doubt, and contradiction present in attitudes toward the teaching of 
critical thinking. This approach overcomes the limitations of traditional methods, which force categorical 
responses to phenomena that are inherently gradual. The main objectives of this study are: (1) to analyze 
teachers' perceptions of their ability to teach critical thinking using a neutrosophic framework; (2) to 
identify the main factors that generate uncertainty and ambivalence in teachers regarding the 
implementation of strategies for developing critical thinking; and (3) to propose guidelines for the design 
of teacher training programs that explicitly consider the complex nature of teachers' attitudes and 
perceptions. 

 
2. Preliminaries 

2.1. Strategies for Critical Thinking: Review and considerations 

 
The development of critical thinking (CT) in education has ceased to be a pedagogical option and has 

become a pressing need in increasingly complex and information-inundated societies [7]. However, its 
effective implementation faces structural obstacles that go beyond the mere transmission of analytical 
techniques, requiring a profound rethinking of traditional educational models. Despite its recognized 
importance, why is it still so difficult to integrate CT transversally into educational systems? 

Historically, strategies for fostering CT have oscillated between two extremes: reductionist approaches 
that equate it with formal logical skills, and overly broad positions that dilute it into vague concepts such 
as "good judgment" [8]. This lack of operational consensus has generated confusion among teachers, 
many of whom lack specific training to implement effective methodologies. Paradoxically, while students 
are required to think critically, this same requirement is rarely applied to the design of pedagogical 
strategies aimed at cultivating it. A detailed analysis reveals that the main limitations lie not in the lack 
of available techniques, but in three interrelated factors: insufficient teacher training, the pressure to cover 
extensive curricular content, and standardized assessment that rewards reproduction over analysis [9]. 
These elements form a vicious circle where the most innovative strategies are relegated by traditional 
practices that, although less effective, seem "safer" in the face of obsolete measurement systems. 
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Recent research indicates that the most successful strategies share four fundamental characteristics: 
they are explicit in their CT objectives, they are vertically integrated into the curriculum, they encourage 
metacognition, and they create spaces for authentic questioning [10]. Examples such as structured debate, 
real-life case analysis, or critical evaluation of sources demonstrate greater effectiveness than abstract or 
decontextualized approaches. However, their implementation requires conditions that many institutions 
do not provide: time for reflection, curricular flexibility, and sustained institutional support. From a 
critical perspective, it is worth questioning whether many supposed "CT strategies" are nothing more 
than superficial recycling of old practices with new terminology. The mere fact of including "critical" 
questions in an assessment or holding class discussions does not guarantee the genuine development of 
these skills. Even worse, some methodologies promoted as innovative may actually reproduce power 
dynamics where only certain types of thinking are validated as "critical" [11]. Evaluating the real impact 
of these strategies presents significant methodological challenges. While some studies report modest 
improvements in specific skills, others find that benefits do not transfer across domains or persist long-
term [12]. This inconsistency suggests that CT is not a unitary competency that can be developed through 
isolated interventions, but rather a set of dispositions and skills that require ongoing cultivation across 
diverse contexts. 

An often neglected aspect is the emotional and motivational dimension of CT. Emerging research 
highlights that factors such as tolerance for ambiguity, intellectual curiosity, and resistance to conformity 
play roles as important as cognitive skills [13]. However, few strategies systematically incorporate these 
elements, focusing almost exclusively on rational aspects. Technological integration offers both 
opportunities and risks for the development of CT. On the one hand, digital tools allow access to diverse 
perspectives and analysis of information at scales previously unthinkable; on the other, information 
overload and filtering algorithms can reinforce biases and superficial thinking [14]. The most promising 
strategies are those that do not simply use technology, but also teach how to critically question it. In 
summary, effective strategies for CT require abandoning the search for "magic formulas" and adopting 
systemic approaches that consider: (1) specialized teacher training, (2) curricular coherence, (3) authentic 
assessment, and (4) the cultivation of intellectual dispositions. Their assessment must go beyond 
immediate measurements, considering long-term impacts on students' intellectual autonomy. 

2.2 Neutrosophic  psychology: basic concepts 

 
This section is dedicated to summarizing the main concepts and methods of the Theory of 

Neutrosophic Psychology. 
In [15] Smarandache refers to Sigmund Freud who divides memory into: conscious, preconscious and 

unconscious. In the framework of neutrosophic psychology it is defined as a third state called " aconscious 
", which means: being ignorant, impassive, indifferent, insensitive and unfeeling. 

Similar to neutrosophic theory, neutrosophic psychology deals with concepts represented by (<A>, 
<neutA> , <antiA> ) , one of which is described below[16, 17]: 

1) Conscious, i.e. things we are currently aware of, corresponds to <A>. 
2) Unconscious, which includes things we are not aware of and which are difficult to access 

because they are located deep within our mind. It is the opposite of the conscious and 
corresponds to < antiA >. 

3) Unconscious, which etymologically means distant from the conscious and the unconscious, 
or neither conscious nor unconscious, but intermediate, or a mixture of the conscious and the 
unconscious, a vague intermediate zone between the two. It corresponds to < neut A> or 
Indeterminacy, as in Neutrosophy. 
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Thus, consciousness, unconsciousness, and unconsciousness are the sources of positive, neutral (or 
combined), and negative emotions, thoughts, and behaviors throughout our lives. 

In human behavior, there is a constant interaction and discussion between the conscious, the 
unconscious, and the unconscious. Sometimes people are predominantly rational, sometimes they are 
predominantly irrational, and sometimes they are indifferent. 

The triple (< 𝐴 >, < 𝑛𝑒𝑢𝑡 𝐴 >, < 𝑎𝑛𝑡𝑖𝐴 >)extends to discrete refined neutrosophic memory , where (< 𝐴 >1, < 𝐴 >2, … , < 𝐴 >l;  < 𝑛𝑒𝑢𝑡𝐴 >1, < 𝑛𝑒𝑢𝑡𝐴 >2, … , < 𝑛𝑒𝑢𝑡𝐴 >m;  < 𝑎𝑛𝑡𝑖𝐴 >1, < 𝑎𝑛𝑡𝑖𝐴 >2, … , <𝑎𝑛𝑡𝑖𝐴 >n)they are defined in terms of refined neutrosophy, see [18,19]. 
Also Smarandache in [15] quotes Carl Jung who divided the unconscious into ([20]): 

• The personal unconscious, which is specific to each individual and includes forgotten or 
suppressed consciousness; 

• The collective unconscious, characteristic of the entire human species, is made up of 
ancestral memories called "archetypes" (images of universal meaning) and mental patterns 
as inherited psychic structures. 

Smarandache adds the group unconscious, which is: 

• Group unconsciousness, which lies between the personal and collective unconscious. It is 
characteristic of a specific group to which an individual belongs and has significantly 
influenced them. 

 
Equivalently, it extends Jung's personal and collective consciousness to group consciousness. 

Aconsciousness has a degree of conscious (𝑐), and a degree of unconsciousness (𝑢), where 𝑐 ∈  [0,1], 
and 0 ≤ 𝑐 +  𝑢 ≤  2. 

In neutrosophic psychology the following notation exists: NL(entity)  =  (c, a, u)(1) 
Where c = degree of consciousness (truth), 𝑎 = degree of non-consciousness (indeterminacy): I am not 

sure if it is conscious or unconscious, or a mixture of both, and 𝑢 = degree of unconsciousness (falsehood), 
while NL is the notation for the semantics of neutrosophic logic ([19, 20]). NL(conscious)  =  (1, 0, 0); NL(acounscious)  =  (0, 1, 0); and NL(unconscious)  =  (0, a, 1), where a ∈ (0, 1], leaving room for indeterminacy (unknown, unclear). 

Given U a universe of discourse, subsets A, B and C, then the Crisp Neutrosophic Set of Type 2 satisfies 
the axioms: A ∩ B =  ∅, 𝐵 ∩ 𝐶 =  ∅, 𝐶 ∩ 𝐴 =  ∅and 𝐴 ∪ 𝐵 ∪ 𝐶 =  𝑈. Therefore, A, B, C form a disjoint 
partition of the universe of discourse U. 

The crisp refined neutrosophic set of type 2 (and similarly for types 1 and 3) is defined as [21]: 𝐴 = 𝐴1 ∪ 𝐴2 ∪  … ∪ 𝐴𝑝, 𝐵 =  𝐵1 ∪ 𝐵2 ∪  … ∪ 𝐵𝑟, 𝐶 =  𝐶1 ∪ 𝐶2 ∪ … ∪ 𝐶𝑠, with 𝐴 ∩ 𝐵 =  𝐵 ∩ 𝐶 =  𝐶 ∩ 𝐴 =  ∅, 
where p, r, s are integers ≥ 1, 𝑝 +  𝑟 +  𝑠 ≥  4, and 𝐴𝑖 ∩ 𝐴𝑗 =  ∅for 𝑖, 𝑗 ∈  {1,2, … , 𝑝}, 𝑖𝑗;  𝐵𝑘 ∩ 𝐵𝑙  =  ∅for 𝑘, 𝑙 ∈  {1,2, … , 𝑟}, 𝑘𝑙; and 𝐶𝑚 ∩ 𝐶𝑛  =  ∅for 𝑚, 𝑛 ∈  {1,2, … , 𝑠}, 𝑚𝑛. 

Neutropsychic Personality Crisp considers the human person as a universe of discourse U, and three 
disjoint sets which are the following ([22]) : 

E = set of emotions of this person; 
H = set of thoughts of this person; 
B = set of behaviors of this person. 

Therefore, 𝑈 =  𝐸 ∪ 𝐻 ∪ 𝐵, with 𝐸 ∩ 𝐻 =  ∅, 𝐻 ∩ 𝐵 =  ∅, and 𝐵 ∩ 𝐸 =  ∅. Therefore, 𝑈 = < 𝐸, 𝐻, 𝐵 >. 

Furthermore, the trait is measured by degrees of <trait> and degrees of <antitrait>, so that each person 
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is classified on a range between these two opposites and is dynamic. They also include an intermediate 
position where there is uncertainty. 

The most common trait-antitrait pairs are the following [23]: 

• Extraversion – Introversion 
• Consciousness – Unconsciousness 
• Perfectionism – Imperfectionism 
• Sensitivism – Insensibilism 
• Novator – Conservative 
• Self-esteem – Self-esteem not 
• Kindness – Dislike 
• Openness to intellect and experience – Closeness to intellect and experience 
• Inhibition – Disinhibition 
• Flexibility – Rigidity 
• Emotivism [ Neuroticism (Hans Eysenck)] – Non- emotivism 
• Obsession – Not obsession 
• Caution – Impulsiveness 
• Shyness – Boldness 
• Honesty – Dishonesty 
• Hostility [ Psychoticism (Hans Eysenck)] – Non-hostility. 

The neutrosophic trait operator is the cumulative degree of individual x with respect to both the Trait 
and the antiTrait , and is defined as:[24] 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡: 𝑆 →[−1, 1](2) 

Where, 𝑑𝑇𝑟𝑎𝑖𝑡 & 𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥)  =  𝑑𝑇𝑟𝑎𝑖𝑡(𝑥) +  𝑑𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥). 

To classify an individual as belonging to the trait or the anti-trait, a threshold is defined and denoted 
by Thr for the trait and antiThr for the anti-trait, such that: 

• If 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥)  ≥  +𝑇ℎ𝑟, then the individual is classified as definitely belonging to the 
Trait, 

• 𝐼𝑓 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥)  ≤  −𝑎𝑛𝑡𝑖𝑇ℎ𝑟, then the individual is categorized as definitely belonging 
to the antiTrait. 

• 𝐼𝑓 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥)  ∊  (−𝜀, +𝜀), then the individual is classified as being in a totally 
indeterminate state between the Trait and the anti-Trait. 

• 𝐼𝑓 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡 ∊ (𝜀, 𝑇ℎ𝑟), then the individual is classified as belonging mostly to the Trait. 
• 𝐼𝑓 𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡(𝑥)  ∊  (−𝑎𝑛𝑡𝑖𝑇ℎ𝑟, −𝜀), then the individual is classified as belonging mostly 

to the anti-Trait. 

The way to deal with𝑑𝑇𝑟𝑎𝑖𝑡&𝑎𝑛𝑡𝑖𝑇𝑟𝑎𝑖𝑡 It is illustrated as follows: 

“Suppose a psychiatrist, after many sessions, neutrosophic questionnaires, and observations 
measured with neutrosophic statistics, has come to the conclusion that the two dimensions of George P.'s 
temperament are estimated with some precision as: 

• The degree of stability (trait) is 𝑑𝐺𝑃(𝑠𝑡𝑎𝑏𝑙𝑒)  =  0.2 ∊  [0, 1], 
• The degree of instability ( antitrait ) is 𝑑𝐺𝑃(𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒)  =  −0.5 ∊  [−1, 0]; and 
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• The degree of extroversion (trait) is𝑑𝐺𝑃(𝑒𝑥𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑)  =  0.9 ∊  [0, 1], 
• The degree of introversion ( antitrait ) is 𝑑𝐺𝑃(𝑖𝑛𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑)  =  −0.3 ∊  [−1, 0]. 

So 𝑑𝐺𝐷<𝑠𝑡𝑎𝑏𝑙𝑒>&<𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒>(𝑥)  =  𝑑𝐺𝑃(𝑠𝑡𝑎𝑏𝑙𝑒) + 𝑑𝐺𝑃(𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒)  =  0.2 +  (−0.5)  =  −0.3, and 𝑑𝐺𝐷<𝑒𝑥𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑>&<𝑖𝑛𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑>(𝑥)  =  𝑑 𝐺𝑃(𝑒𝑥𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑) + 𝑑 𝐺𝑃(𝑖𝑛𝑡𝑟𝑜𝑣𝑒𝑟𝑡𝑒𝑑) =  0.9 +  (−0.3)  =  +0.6.” 

3. Methodology. 

 
Critical thinking represents a fundamental competency in 21st-century education, defined as the 

ability to analyze, evaluate, and synthesize information in a reflective and systematic manner. It 
encompasses cognitive skills such as interpretation, analysis, evaluation, inference, explanation, and self-
regulation. In the educational context, teachers face the challenge of transforming traditional 
methodologies into approaches that foster these higher-order thinking skills. 

The implementation of critical thinking strategies requires teachers to adopt the role of learning 
facilitators, promoting questioning, reflection, and critical analysis. However, this pedagogical transition 
creates tensions between traditional beliefs about teaching and the demands of educational innovation. 

Neutrosophic Psychology Applied to Education 

Neutrosophic psychology, developed by Smarandache (2018), extends traditional psychological 
concepts by explicitly incorporating indeterminacy as a valid psychological state. In the educational 
context, this means recognizing that teachers can simultaneously experience: 

• Motivation (m): Genuine enthusiasm for pedagogical innovation 
• Indetermination (i): Ambivalence, doubts or mixed states of confidence 
• Resistance (r): Fears, rejection or demotivation towards change 

The neutrosophic representation of teaching attitudes is expressed as: 𝑁𝐿(𝑎𝑐𝑡𝑖𝑡𝑢𝑑_𝑑𝑜𝑐𝑒𝑛𝑡𝑒)  =  (𝑚, 𝑖, 𝑟) 

Where m = degree of motivation, i = degree of indeterminacy, and r = degree of resistance, with𝑚, 𝑖, 𝑟 ∈ [0,1] 𝑦 0 ≤  𝑚 +  𝑖 +  𝑟 ≤  3. 
Study Design 

A descriptive-correlational design was implemented using a neutrosophic approach for data analysis. 
The target population was secondary school teachers from public and private institutions. 

Sample Calculation 

The student population consisted of 850 teachers. Using the simple random sampling formula: 

n =  Nz2pqd2(N−1)+z2pq(3) 

Where: 

• N = 850 (population size) 
• z = 1.96 (95% confidence level) 
• p = q = 0.5 (maximum variability) 



 

Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Edward David Ticona Ponce , Adán Humberto Estela Estela , Manuel Cesar Vildoso Villegas, Pierre Sean Rojas Padilla, 

Virgilio Vildoso Gonzales, Hortencio Flores Flores , Carlos Fretel Martínez. Neutrosophic Psychology of the Teacher: 
Addressing the Perceptions of Uncertainty and Motivation in the Implementation of Strategies for Thinking 

 

629 

• d = 0.05 (allowable error of 5%) 𝑛 =  (850 ×  1.96² ×  0.5 ×  0.5) / (0.05² × (850 − 1) +  1.96² ×  0.5 ×  0.5)  ≈  265 𝑑𝑜𝑐𝑒𝑛𝑡𝑒𝑠 

Variables Measured 

A neutrosophic questionnaire was designed with 8 key variables: 

• V₁: Confidence in critical thinking methodologies (Very high, High, Medium, Low, Very 
low) 

• V₂: Perception of teacher self-efficacy (Very competent, Competent, Moderately competent, 
Slightly competent) 

• V₃: Attitude towards pedagogical innovation (Very positive, Positive, Neutral, Negative) 
• V₄: Intrinsic motivation for change (Very high, High, Medium, Low) 
• V5: Anxiety about new methodologies (Never, Rarely, Sometimes, Frequently, Always) 
• V₆: Perceived institutional support (Excellent, Good, Fair, Poor) 
• V₇: Resistance to methodological change (Zero, Low, Medium, High, Very high) 
• V₈: Conceptual clarity on critical thinking (Very clear, Clear, Somewhat clear, Confusing, 

Very confusing) 
4. Results. 

The responses were classified according to the neutrosophic framework into three categories: 

• <M> (Motivation): Responses that indicate a positive disposition toward critical thinking 
• < Neut M> (Indeterminacy): Responses that reflect ambivalence or mixed states 
• <Anti M> (Resistance): Responses that show opposition or lack of motivation 

3.2. Survey Data 

Table 1: Percentage Distribution of Teacher Attitudes by Neutrosophic Categories (Motivation, Indeterminacy, 
Resistance) 

Variable <M> < Neut M> <Anti M> 

V₁ - Methodological confidence 42% 28% 30% 

V₂ - Teacher self-efficacy 38% 35% 27% 

V₃ - Innovation attitude 55% 18% 27% 

V₄ - Intrinsic Motivation 48% 24% 28% 

V5 - Methodological anxiety 25% 22% 53% 

V₆ - Institutional support 33% 31% 36% 

V₇ - Resistance to change 29% 26% 45% 

V₈ - Conceptual clarity 41% 32% 27% 
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Figure 1: Distribution of Teacher Attitudes towards Critical Thinking Implementation 

Neutrosophic Processing 

The data were processed by applying the bipolar neutrosophic operator: 
 

Table 2. Calculation of the Bipolar Neutrosophic Index d (M&Anti M) for each Study Variable. 
 

Variable <M> < Neut M> <Anti M> d₍M&Anti M₎ 

V₁ +0.42 0.28 -0.30 0.12 

V₂ +0.38 0.35 -0.27 0.11 

V₃ +0.55 0.18 -0.27 0.28 

V₄ +0.48 0.24 -0.28 0.20 

V5 +0.25 0.22 -0.53 -0.28 

V₆ +0.33 0.31 -0.36 -0.03 

V₇ +0.29 0.26 -0.45 -0.16 

V₈ +0.41 0.32 -0.27 0.14 

Aggregate Result +0.389 0.270 -0.341 0.048 
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General Neutrosophic Index:𝒅₍𝑴&𝑨𝒏𝒕𝒊 𝑴₎ =  𝟎. 𝟎𝟒𝟖 

This result indicates a state of critical indeterminacy in teachers' attitudes toward the implementation 
of critical thinking strategies. 

 

Figure 2: Neutrosophic Analysis of Teacher Variables 

Analysis by Neutrosophic Thresholds 

• Upper threshold for motivation ( Thr ): >+0.25 
• Lower threshold for resistance ( antiThr ): <−0.25 
• Range of uncertainty ( ϵ ): [ − 0.05,+0.05] 

 
Classification of Variables with Adjusted Thresholds: 
Variables with a marked motivational tendency (d≥+0.25): 

• V₃ (Attitude towards innovation): d=0.28 

Variables with a mostly motivational tendency (+0.05<d<+0.25): 

• V₁ (Methodological confidence): d=0.12 
• V₂ (Teacher self-efficacy): d=0.11 
• V₄ (Intrinsic Motivation): d=0.20 
• V₈ (Conceptual Clarity): d=0.14 

Variables in a totally indeterminate state (−0.05≤d≤+0.05): 

• V₆ (Institutional support): d=−0.03 

Variables with a mostly resistant trend (−0.25<d<−0.05): 

• V₇ (Resistance to change): d=−0.16 
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Variables with a markedly resistant trend (d≤−0.25): 

• V₅ (Methodological anxiety): d=−0.28 

 

Figure 3: Teacher Readiness Index by Category 

Analysis of Neutrosophic Correlations 

Significant patterns of indeterminacy were identified [25]: 
 

Table 3: Correlation Analysis between Key Psychological Variables of Teachers. 
 

Correlation Coefficient Neutrosophic Interpretation 

Self-efficacy ↔ Anxiety -0.68 High reciprocal indeterminacy 

Institutional support ↔ Motivation +0.72 External motivational dependence 

Conceptual clarity ↔ Confidence +0.65 Cognitive indeterminacy 

Interpretation of Results 

The aggregate neutrosophic index of 0.048 reveals a critical state of indeterminacy in teachers' 
attitudes. This result transcends the limitations of traditional binary analyses by capturing the inherent 
complexity of teachers' perceptions. 
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Key Findings: 

• Motivational paradox: High interest in innovation (55%) but low self-efficacy (38%) 
• Methodological anxiety: Main barrier identified (53% in resistant category) 
• Institutional dependence: Motivation is significantly correlated with perceived support 

Theoretical Implications 

This study contributes to the field of educational psychology by demonstrating that: 

1) Teachers' attitudes towards innovation are not dichotomous but three-dimensional. 
2) Indeterminacy represents a valid psychological state that requires specific interventions 
3) Neutrosophic models provide a more realistic representation of human complexity. 

Recommendations 

Differentiated Training Strategies 

For Teachers in a Motivational State(𝒅 >  +𝟎. 𝟐): 
• Methodological deepening programs 
• Pedagogical leadership roles 
• Communities of Advanced Practice 

For Teachers in Indeterminacy(−𝟎. 𝟐 ≤  𝒅 ≤  +𝟎. 𝟐): 
• Personalized accompaniment 
• Gradual implementation experiences 
• Strengthening self-efficacy 
• Structured conceptual clarification 

For Teachers with Resistance(𝒅 <  −𝟎. 𝟐): 
• Specific motivational interventions 
• Reduction of methodological anxiety 
• Practical demonstrations of benefits 
• Strengthened institutional support 

Institutional Guidelines 

• Initial neutrosophic diagnosis before implementing training programs 
• Differentiated support systems according to the teacher's neutrosophic profile 
• Continuous monitoring of the evolution of teaching attitudes 
• Institutional culture that values uncertainty as an opportunity for growth 

 

5. Conclusions. 

 
This pioneering study on the application of neutrosophic psychology to the analysis of teaching 

attitudes reveals a complex reality that traditional approaches often oversimplify. The primary conclusion 
is that teachers' perceptions regarding the implementation of critical thinking strategies are not 
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predominantly positive or negative, but are fundamentally characterized by indeterminacy. This state of 
uncertainty and ambivalence is directly influenced by critical factors such as anxiety surrounding new 
pedagogical challenges and the perception of institutional support, both of which emerge as variables 
requiring priority attention. The neutrosophic framework has proven to be a more precise and human 
tool for capturing this complexity, validating uncertainty as a natural component of the teaching attitude. 
The fundamental contribution of this research transcends conventional diagnosis by proposing a three-
dimensional model of psychological analysis that legitimizes indeterminacy as a valid and, above all, 
transformable state. By recognizing that teachers are not always situated at defined poles of acceptance 
or rejection, new and significant possibilities for pedagogical intervention are opened. This approach 
allows for the design of more effective and humanized teacher training programs that do not merely seek 
to eradicate negative perceptions, but instead work constructively with indeterminacy to guide educators 
toward a more confident and reflective adoption of critical thinking strategies, thereby strengthening 
their professional practice from a deeper understanding of their realities. 
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Abstract. The effective implementation of inquiry strategies in higher education is hampered by multiple intercon-

nected factors, from institutional constraints to pedagogical barriers, creating a complex scenario that traditional anal-

ysis methods fail to fully capture. This problem takes on particular relevance in the current context, where the devel-

opment of critical thinking has become a fundamental competency for facing the challenges of constantly changing 

societies. While numerous studies on active pedagogies exist, there remains a notable lack of approaches that can ade-

quately manage the ambiguity, contradictions, and uncertainty inherent in real-life educational systems. To address 

this limitation, this research proposes an innovative analytical framework that combines cognitive maps with neutro-

sophic logic, allowing for the representation and evaluation of causal relationships through values of truth, falsity, and 

indeterminacy. Through a rigorous methodological design that includes systematic data collection and the use of spe-

cialized algorithms, the study seeks to uncover the hidden dynamics that affect the adoption of these pedagogical 

strategies. The implications of this work are both theoretical and practical, offering a new perspective for understand-

ing complex educational systems, and providing managers and educators with more sophisticated tools for making 

informed decisions in contexts of high uncertainty. 

Keywords: Inquiry Strategies, Critical Thinking, Higher Education, Neutrosophic Modeling, Cognitive Maps, Peda-

gogical Uncertainty, Qualitative-Quantitative Analysis 

 

1. Introduction 

Critical thinking training in higher education is a fundamental pillar for the development of profession-

als capable of analyzing, questioning, and transforming complex realities [1]. In a world where information 

is abundant but often contradictory, this competence has become indispensable, not only for academic suc-

cess, but also for informed civic participation and ethical decision-making in professional contexts [2]. 

However, despite its recognized importance, numerous institutions face persistent difficulties in imple-

menting pedagogical strategies that effectively foster this skill, particularly in public universities with lim-

ited resources [3]. Efforts to integrate active methodologies, such as inquiry-based learning, have a history 

dating back to the proposals of Dewey and Freire, but their contemporary application remains irregular 

[4]. While some universities have successfully adopted these innovations, others struggle with structural 
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barriers—from rigid curricula to resistance to pedagogical change—that perpetuate traditional models fo-

cused on memorization [5]. This divergence highlights the need to analyze not only the strategies them-

selves, but also the systemic factors that facilitate or hinder their implementation. 

The core of the problem lies in the multidimensional nature of these obstacles, where pedagogical, in-

stitutional, and sociocultural aspects interact in non-linear ways and with varying degrees of uncertainty. 

Previous studies have identified challenges such as lack of teacher training [3] or unequal access to tech-

nologies [6], but few have explored how these elements dynamically interrelate, limiting the effectiveness 

of isolated solutions. How can public universities diagnose and prioritize interventions when the barriers 

to implementing inquiry strategies are simultaneously technical, cultural, and contextual? This question 

gains urgency in light of recent findings showing that, without a systemic approach, even the best-designed 

pedagogical innovations fail when faced with complex institutional realities [7]. Traditional methods of 

analysis, based on linear causal relationships or binary data, are insufficient to capture this complexity, 

leaving educational managers without adequate tools for decision-making. 

This is where the innovation of this study emerges: by integrating cognitive maps with neutrosophic 

logic, a framework is proposed capable of modeling causal relationships under uncertainty, representing 

not only the presence or absence of factors, but also their degree of influence and the contradictions per-

ceived by different educational actors. This hybrid approach—which combines qualitative and quantitative 

analysis—allows for the visualization of interactions that conventional models overlook. The objectives of 

this research are threefold: (1) to develop a neutrosophic model to map the systemic barriers that affect the 

implementation of inquiry strategies; (2) to identify critical nodes (factors with the greatest influence) in 

networks of pedagogical relationships; and (3) to propose an intervention protocol adapted to contexts of 

high uncertainty. These contributions seek not only to enrich the theoretical debate on educational innova-

tion but also to offer institutions practical tools to move toward more effective pedagogies. 

2. Related Work. 

2.1. Neutrosophic Cognitive Maps. 

Neutrosophic Cognitive Maps represent a significant evolution in the field of complex data representa-

tion and analysis. This unconventional methodology not only seeks to capture the inherent complexity of 

human perceptions, but also integrates principles of neutrosophic theory, which deals with truth, falsity, 

and indeterminacy simultaneously. This innovative approach is especially relevant in contexts where am-

biguity and uncertainty are key factors in decision-making and the understanding of complex phenomena 

[8]. 

From a conceptual point of view, Neutrosophic Cognitive Maps allow to visualize and structure rela-

tionships between concepts that may be ambiguous or contradictory according to different perspectives. 

This not only broadens the spectrum of analysis by including divergent opinions and perceptions, but also 

promotes a deeper and more holistic understanding of the problems investigated [9-11]. This ability to 

handle the inherent vagueness of human reality is crucial in disciplines such as philosophy, psychology, 

and sociology, where subjective interpretations play a central role in the construction of knowledge. In 

practical terms, Neutrosophic Cognitive Maps find application in a variety of fields, from scientific research 

to strategic planning and business decision-making. Their methodological flexibility allows researchers 

and practitioners to explore and analyze complex and multidimensional data in a structured and compre-

hensive manner. This methodology not only offers a visual representation of the inherent complexity of 

the systems and processes studied, but also facilitates the identification of hidden patterns and subtle con-

nections that could be overlooked with more traditional approaches. However, like any emerging method-

ology, Neutrosophic Cognitive Maps face challenges and criticisms. One of the main concerns lies in the 

difficulty of quantifying and validating the indeterminacy and vagueness represented in these maps. Ob-

jectively assessing the quality and reliability of the data entered into the maps can be challenging, especially 

when dealing with subjective or qualitative information. Furthermore, the interpretation of the results can 
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vary significantly depending on the theoretical framework and underlying assumptions of those using this 

methodology [12]. 

Despite these challenges, Neutrosophic Cognitive Maps offer considerable potential for advancing the 

understanding and modeling of complex systems in an increasingly interconnected and dynamic world. 

By integrating principles of neutrosophic theory, these maps not only address reality in all its complexity 

and ambiguity, but also promote an inclusive and multidimensional approach to research and decision-

making. This is especially valuable in contexts where the diversity of opinions and perspectives enriches 

the analysis process and contributes to more robust and adaptive solutions. In conclusion, Neutrosophic 

Cognitive Maps represent a powerful and promising tool for researchers and practitioners seeking to nav-

igate the complexity of the contemporary world. Their ability to represent and analyze vagueness and in-

determinacy offers new opportunities for understanding and addressing complex problems in fields as 

diverse as business management, public policy, and social science. As research in this area advances, it is 

crucial to continue exploring and refining this methodology to maximize its usefulness and accuracy in the 

information and knowledge age [13]. 

This section contains the basic concepts of neutrosophic cognitive maps and the algorithms associated 

with them. 

Definition 1: ([14]) Let X be a universe of discourse. A neutrosophic set (NS) is characterized by three 

membership functions, uA(x), rA(x), vA(x) ∶ X →  ] 0𝑟− , 1+[ which satisfy the condition 0 ≤𝑟− inf uA(x) +inf rA(x) + inf vA(x) ≤ sup uA(x) + sup rA(x) + sup vA(x) ≤ 3+  for all xX . uA(x), rA(x) and vA(x) are the 

truth, indeterminacy, and falsity membership functions of x in A, respectively, and their images are stand-

ard or nonstandard subsets of ] 0𝑟− , 1+[. 
Definition 2: ([14]) Let X be a universe of discourse. A single-valued neutrosophic set (SVNS) A in X is a 

set of the form: A = {〈x, uA(x), rA(x), vA(x)〉: x ∈ X}(1) 

Where uA, rA, vA ∶ X → [0,1] , satisfies the condition 0 ≤ uA(x) + rA(x) + vA(x) ≤  3 for all xX . uA(x), rA(x)and vA(x)denotes the truthfulness, indeterminacy, and falsity membership functions of x in A, 

respectively. For convenience, a single-valued neutrosophic number (SVNN) will be expressed as A =  (a, b, c), 

where a, b, c  [0,1]and satisfy 0 ≤ a + b + c ≤ 3. 

Other important definitions are related to graphics. 

Definition 3: ([15, 17-18]) A neutrosophic graph is a graph that contains at least one indeterminate edge, 

which is represented by dotted lines. 

Definition 4: ([15, 17-18]) A neutrosophic directed graph is a directed graph that contains at least one in-

determinate edge, which is represented by dotted lines. 

Definition 5: ([15, 17-18]) A neutrosophic cognitive map (NCM) is a neutrosophic directed graph, whose 

nodes represent concepts and whose edges represent causal relationships between edges. 

If C1, C2, … , Ck there are k nodes, each of them Ci (i =  1, 2, … , k) can be represented by a vector (x1, x2, … , xk)where xi{0, 1, I}. xi =  0   means that the node Ciis in the off state, , xi =  1means that the node Ciis in the on state, and , xi =  Imeans that the node Ciis in an indeterminate state, at a specific time or in a 

specific situation. 

If Cmand Cnare two nodes in the NCM, a directed edge from Cmto Cnis called a connection and represents 

causality from Cmto Cn. Each node in the NCM is associated with a weight within the set {−1, 0, 1, I}. If αmndenotes the edge weight CmCn, αmn{−1, 0, 1, I}then we have the following: αmn = 0 if Cm  does not affect Cn, 
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αmn = 1if an increase (decrease) in Cmproduces an increase (decrease) in Cn, αmn = −1if an increase (decrease) in Cmproduces a decrease (increase) in Cn, αmn  = I if the effect ofCm  ignition Cnis indeterminate. 

Definition 6: ([19]) An NCM that has edges with weights {−1, 0, 1, I}is called a simple neutrosophic cogni-

tive map. 

Definition 7: ([19]) If C1, C2, … , Ckare the nodes of an NCM. The neutrosophic matrix N( E) is defined as N(E) = (αmn), whereαmn denotes the weight of the directed edge CmCn, such that αmn{−1, 0, 1, I}. N(E)is 

called neutrosophic adjacency NCM matrix. 

Definition 8: ([19]) Let be C1, C2, … , Ck the nodes of an NCM. Let A =  (a1, a2, … , ak) , where am{−1, 0, 1, I}. A is called the instantaneous state. Neutrosophic vector and means a position of the on -off-

indeterminate state of the node at a given instant. am = 0 if  Cmis disabled (has no effect), am = 1if Cmis activated (has an effect), am = I if Cm  is indeterminate (its effect cannot be determined). 

Definition 9: ([19]) Let, , ,…, be C1, C2, … , Ckthe nodes of an NCM. Let C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…,CmCn⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be the 

edges of the NCM, then the edges constitute a directed cycle. 

The NCM is called cyclic if it has a directed cycle. It is called acyclic. if you do not have a directed cycle. 

Definition 10: ([19]) An NCM containing cycles is said to have feedback. When there is feedback in the 

NCM it is said to be a dynamical system. 

Definition 11: ([19]) Let C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…,Ck−1Ck⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be a cycle. When Cmit is activated and its causality 

flows along the edges of the cycle and is then the cause of Cmitself, then the dynamical system circulates. 

This is true for each node Cmwith m =  1, 2,… , k. The equilibrium state of this dynamical system is called 

the hidden pattern. 

Definition 12: ([19]) If the equilibrium state of a dynamical system is a unique state, then it is called a 

fixed point. 

An example of a fixed point is when a dynamical system starts being triggered by Cl. If the NCM is 

assumed to sit atCl and Ck, that is, the state remains as (1, 0, . . . , 0, 1), then this neutrosophic state vector is 

called a fixed point. 

Definition 13: ([19]) If the NCM is established with a neutrosophic state vector that repeats in the form: A1 → A2 → ⋯ → Am → A1, then the equilibrium is called the NCM limit cycle. 

Method for determining hidden patterns 

Let be C1, C2, … , Ckthe nodes of the feedback NCM. Let E be the associated adjacency matrix. A hidden 

pattern is found when is activated and Cla vector input is provided. A1  =  (1, 0, 0, … , 0)The data must pass 

through the neutrosophic matrix N(E), which is obtained by multiplyingA1 by the matrix N(E). 
LeaveA1N(E) = (α1, α2, … , αk) with the threshold operation of replacing αmby 1 if αm > 𝑝andαm for 0 if αm < 𝑝( p is a suitable positive integer) andαm is replaced by I if it is not an integer. The resulting concept 

is updated; the vector C1is included in the updated vector by transforming the first coordinate of the re-

sulting vector to 1. 𝐼𝑓 A1N(E)→ A2 It is assumed, then A2N(E)considered, and the same procedure is repeated until a limit 

cycle or fixed point is reached. 
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Definition 14 : ([20]) A neutrosophic number N is defined as a number as follows: N = d + I(2) 

Where d is called determinate part and call me the indeterminate part. 

Given N1 = a1 + b1Iand N2 = a2 + b2Iare two neutrosophic numbers, some operations between them 

are defined as follows: N1 + N2 = a1 + a1 + (b1 + b2)I( Addition ) ; N1 − N2 = a1 − a1 + (b1 − b2)I(Difference), N1 × N2 = a1a2 + (a1b2 + b1a2 + b1b2)I (Product), N1N2 = a1+b1Ia2+b2I = a1a2 + a2b1−a1b2a2(a2+b2) I(Division). 

3.  Case Study. 

The effective implementation of inquiry strategies in higher education is hampered by multiple inter-

connected factors, from institutional limitations to pedagogical barriers, creating a complex landscape that 

traditional analysis methods fail to fully capture. This problem takes on particular relevance in the current 

context, where the development of critical thinking has become a fundamental competency for addressing 

the challenges of constantly changing societies. 

Neutrosophic Cognitive Maps represent an innovative tool that addresses the inherent complexity of 

educational systems, where elements of certainty, uncertainty, and indeterminacy coexist. This methodol-

ogy is especially relevant for analyzing the implementation of pedagogical strategies that seek to develop 

critical thinking, as it allows us to capture the complex causal relationships between different factors that 

can act as barriers or opportunities. 

Study Variables 

For the present study, five critical variables related to the development of critical thinking through inquiry 

strategies in public universities were identified: 

V1 - Teacher Training in Active Pedagogies : This variable encompasses ongoing teacher training in 

inquiry methodologies, active learning facilitation techniques, and skills to foster critical thinking. It in-

cludes both formal training and the development of skills to implement innovative pedagogical strategies. 

V2 - Technological Infrastructure and Teaching Resources : Includes the material and technological 

resources necessary to implement effective inquiry strategies. This includes equipped laboratories, digital 

platforms, updated libraries, flexible learning spaces, and digital tools that facilitate research and critical 

analysis. 

V3 - Institutional Policies for Educational Innovation : This variable covers the regulations, incentives, 

and regulatory frameworks that public universities establish to promote pedagogical innovation. It in-

cludes policies for teacher evaluation, recognition of educational innovation, curricular flexibility, and in-

stitutional support for experimental pedagogical projects. 

V4 - Learning-Oriented Organizational Culture : Represents the institutional climate that favors or 

hinders the implementation of new methodologies. It includes openness to change, interdisciplinary col-

laboration, peer support, effective communication, and the appreciation of pedagogical experimentation 

as a factor in institutional growth. 
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V5 - Student Research Competencies: This variable considers students' prior and developed skills to 

actively participate in inquiry processes. It includes competencies in information searching, critical analy-

sis, question formulation, basic research design, and synthesis and argumentation skills. 

Data Collection 

To obtain the weights and create the NCM, 35 specialists in higher education and university pedagogy 

were surveyed. The group of experts included: 

• 12 researchers in university pedagogy with more than 15 years of experience 

• 10 academic directors of public universities 

• 8 teachers with proven experience in active methodologies 

• 5 specialists in critical thinking development 

Let R_ijk be 𝐸 =  {𝑒₁, 𝑒₂, . . . , 𝑒₃₅}the set of 35 experts. R_ijk represents the relationship between the jth 

and kth criteria according (𝑗, 𝑘 ∈  {1,2, . . . ,5}, 𝑗 ≠ 𝑘) to the expert. 𝑒ᵢ (𝑖 = 1,2, . . . ,35) 𝑡𝑎𝑙 𝑞𝑢𝑒 𝑅_𝑖𝑗𝑘 ∈ {−5,−4, . . . , −1,0,1, . . . ,4,5, 𝐼}. 
The numerical values of R ijk are calculated as follows: 

• If Rijk is numerical, then R ̂ ijk = R ijk 

• If R ijk = I, then R ̂ ijk = I holds 

For each fixed pair, 𝑗, 𝑘 ∈  {1,2, . . . ,5},R ̄ jk is calculated by applying the neutrosophic consensus algorithm: 

• R ̂ ijk mode 𝑝𝑎𝑟𝑎 𝑖 = 1,2, . . . ,35is unimodal, it is taken𝑅 𝑗𝑘 =  𝑚𝑜𝑑𝑒𝑖(𝑅 𝑖𝑗𝑘) 𝑦 𝑅 𝑘𝑗 =  0 

• If the mode is not unimodal , R ̂ ikj is evaluated and the same criterion is applied 

• If both directions present multimodality , it is assigned𝑅 𝑗𝑘 =  𝑅 𝑘𝑗 =  𝐼 

Adjacency Matrix 

The Adjacency Matrix obtained from the consensus of the 35 experts is presented in Table 1: 

Table 1: Adjacency matrix for the analysis of barriers and opportunities in the development of critical thinking 

through inquiry strategies according to 35 experts. 

Variable V1 V2 V3 V4 V5 

V1 0 1 I 1 1 

V2 I 0 0 I 1 

V3 1 1 0 1 I 

V4 I 1 I 0 1 

V5 0 I -1 I 0 

Neutrosophic Cognitive Map 

The updated NCM based on the adjacency matrix is as follows: 

Determined Positive Relationships: 

 

V1 → V2: Teacher training positively influences the effective use of technological resources. 
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V1 → V4: Teacher training strengthens the organizational learning culture. 

V1 → V5: Trained teachers better develop student research skills. 

V2 → V5: Adequate resources facilitate the development of research skills. 

V3 → V1: Institutional policies promote teacher training. 

V3 → V2: Policies facilitate the acquisition of resources. 

V3 → V4: Policies shape organizational culture. 

V4 → V2: A positive culture optimizes the use of resources. 

V4 → V5: The organizational environment favors student learning. 

Negative Relationships: 

V5 → V3: Deficiencies in student competencies can generate resistance to innovative policies. 

Indeterminate Relationships: 

V1 → V3: The influence of teacher training on institutional policies is undetermined. 

V2 → V1: The impact of technological resources on teacher training is uncertain. 

V2 → V4: The relationship between technological resources and organizational culture is ambiguous. 

V4 → V1: The influence of organizational culture on teacher training is undetermined. 

V4 → V3: The interaction between organizational culture and institutional policies shows uncer-

tainty. 

V5 → V2: The impact of student competencies on technological resources is ambiguous. 

V5 → V4: The relationship between student competencies and organizational culture is complex. 

Null Relationships: 

V2 → V3: Technological resources do not directly influence institutional policies. 

V5 → V1: Student competencies do not directly influence teacher training . 

Convergence Analysis 

All possible cases of convergence were analyzed when at least one variable was activated, totaling 2⁵ −1 =  31the cases. Table 2 presents the results: 

Table 2. Absolute and relative frequency of convergence of the system for each possible state. 

Variable State 0 % State 1 % State I % 

V1: Teacher training 7 22.58% 14 45.16% 10 32.26% 

V2: Technological resources 10 32.26% 14 45.16% 7 22.58% 

V3: Institutional policies 9 29.03% 12 38.71% 10 32.26% 

V4: Organizational culture 6 19.35% 12 38.71% 13 41.94% 

V5: Student research skills 9 29.03% 12 38.71% 10 32.26% 
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Figure 1: Distribution of educational variables across neutrosophic states (0, 1, I). 

Interpretation of Results 

The updated results highlight the complexity inherent in developing critical thinking through inquiry 

strategies in public universities: 

  V3 - Institutional Policies: This variable is a key factor, activating in 38.71% of the initial conditions 

(State 1). Its positive influence on teacher training (V3 → V1: 1), technological resources (V3 → V2: 1), and 

organizational culture (V3 → V4: 1) confirms its central role as a system articulator. However, its consider-

able indeterminacy (32.26%) suggests that its effectiveness depends on contextual conditions. 

  V1 - Teacher Training: This variable shows significant activation (45.16% in State 1), one of the highest 

in the system. This indicates that teacher training has a defined impact, positively influencing technological 

resources (V1 → V2: 1), organizational culture (V1 → V4: 1), and student competencies (V1 → V5: 1). Nev-

ertheless, its indeterminacy (32.26%) reflects the need for specific conditions to maximize its effectiveness. 

  V5 - Student Research Competencies: This variable exhibits a balanced behavior, with 29.03% in 

State 0, 38.71% in State 1, and 32.26% in State I (Indeterminate). This suggests that student competencies 

are an active and dynamic challenge. They are positively influenced by teacher training (V1), resources 

(V2), and culture (V4), but in turn, show a negative relationship toward policies (V5 → V3: -1), which could 

indicate potential student resistance to innovative policies. 

  V4 - Organizational Culture: This variable exhibits the highest indeterminacy of all variables 

(41.94%), which underscores the complexity of cultural changes. Despite this uncertainty, it also shows 

significant activation (38.71% in State 1). Its direct positive influence on resources (V4 → V2: 1) and student 

competencies (V4 → V5: 1) confirms that, although it is a complex process, it can have a defined impact on 

the system. 

  V2 - Technological Resources: This variable shows moderately indeterminate behavior (22.58%) and 

a high activation rate (45.16% in State 1). Its positive influence on student competencies (V2 → V5: 1) is 

direct. Its dependence on teacher training (V1), policies (V3), and culture (V4) indicates that, while re-

sources are essential, their effective impact requires systemic support. 
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Optimal Configurations 

The updated analysis identifies the following most efficient configurations for activating the system, based 

on positive relationships and activation frequencies: 

• V3 + V1 activated (x₀ = (1 ,0,1,0,0)): The combination of strong institutional policies and effective 

teacher training remains a key configuration, supported by the V3 → V1: 1 relationships and 

the high activation of both variables (38.71% and 45.16% in State 1). 

• V3 + V4 activated (x₀ = (0 ,0,1,1,0)): Integrating institutional policies with the development of 

organizational culture, supported by V3 → V4: 1 and V4 → V2, V5: 1, remains effective, with 

balanced activation frequencies. 

• V3 + V1 + V4 activated (x₀ = (1 ,0,1,1,0 )) : This configuration, which combines policies, training 

and culture, remains the most complete, maximizing system activation through positive inter-

actions between V3, V1 and V4. 

Analysis of Relationships between Variables 

Patterns of Interdependence 

The updated neutrosophic analysis reveals more balanced patterns of interdependence: 

• Centrality of Institutional Policies (V3): V3 remains the key driver, with positive relationships 

with V1, V2, and V4 (all with a value of 1). Its activation (38.71%) and lower uncertainty (32.26%) 

reinforce its role as the main lever, although the negative relationship between V5 and V3 (-1) 

suggests that student competencies may limit its impact. 

• Teacher Training Cascade Effect (V1): V1, with high activation (45.16%), generates positive 

effects on V2, V4, and V5 (all with a value of 1). Its lower uncertainty (32.26%) indicates that 

training is more effective when supported by policies and resources. 

• Resource Paradox (V2): With 45.16% activation and 22.58% indeterminacy, V2 confirms that 

technological resources are necessary but insufficient without systemic support. Its positive re-

lationship with V5 (V2 → V5: 1) highlights its importance for student competencies. 

• Cultural Complexity (V4): The high indeterminacy of V4 (41.94%) and its indeterminate bidi-

rectional relationships (V4 ↔ V1, V4 ↔ V3) confirm the difficulty of transforming organiza-

tional culture, although its activation (38.71%) and positive relationships towards V2 and V5 

position it as a key factor. 

• Student Challenge (V5): V5, with 38.71% activation and 32.26% indeterminacy, shows a more 

active dynamic than in the previous analysis. Its negative relationship with V3 (V5 → V3: -1) 

and indeterminate relationships with V2 and V4 highlight the complexity of developing re-

search competencies. 

Feedback Dynamics 

Updated NCM reveals adjusted feedback loops: 

 

• Virtuous Loop: V3 → V1 → V5 → (development of critical thinking) → reinforcement of V3. 

This loop is still key, but the negative relationship V5 → V3 (-1) introduces a potential resistance 

that needs to be addressed. 
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• Indeterminacy Loop: V4 ↔ V1, V4 ↔ V3, V1 ↔ V3. The indeterminacy in these relationships 

(I) persists, indicating that the interaction between culture, training and policies requires spe-

cific conditions to converge. 

• Dependency Loop: V2 → V5 → V3 → V2. This loop continues, with V2 and V5 showing higher 

activation (45.16% and 38.71%), reinforcing the interdependence between resources, competen-

cies, and policies. 

Recommendations 

Implementation Strategies 

Based on the updated results, the following adjusted strategies are proposed: 

1. Prioritize the Development of Institutional Policies: 

o Establish clear regulatory frameworks that encourage pedagogical innovation, considering 

the potential resistance of student competencies (V5 → V3: -1). 

o Create evaluation and recognition systems that value active methodologies. 

o Develop curricular flexibility policies to encourage experimentation. 

2. Implement Contextualized Teacher Training Programs: 

o Design specific training in inquiry strategies, taking advantage of the high activation of V1 

(45.16%). 

o Create communities of practice to reduce uncertainty (32.26%) by sharing experiences. 

o Establish mentoring between experienced and novice teachers. 

3. Strategically Manage Resources: 

o Optimize the use of existing infrastructure, given the 45.16% activation of V2. 

o Prioritize resources that impact V5 (student competencies), such as collaborative learning 

technologies. 

o Develop internal capabilities to maximize technological leverage. 

4. Promote Gradual Cultural Changes: 

o Start with groups of motivated teachers to create nuclei of change, considering the high inde-

terminacy of V4 (41.94%). 

o Celebrate and disseminate successful experiences to reinforce V4 → V2, V5. 

o Provide visible institutional support for innovative initiatives. 

5. Develop Student Competencies Systematically: 

o Integrate research skills into the curriculum, taking advantage of V1 → V5, V2 → V5, V4 → 
V5 (all with a value of 1). 

o Create extracurricular spaces for the practice of inquiry. 

o Establish mentoring systems to mitigate policy resistance (V5 → V3: -1). 

Adapted Intervention Protocol 

• Phase 1 - Neutrosophic Diagnosis (3-6 months) : 

o Evaluate the current state of each variable using neutrosophic scales, with emphasis on the 

activation of V1 (45.16%) and V2 (45.16%). 

o Identify patterns of indeterminacy, especially in V4 (41.94%) and V3 (32.26%). 

o Map stakeholders and resistances, considering the negative relationship V5 → V3. 

• Phase 2 - Targeted Intervention (6-12 months) : 

o Implement changes in V3 (policies) as the main lever, supporting V1 and V4. 

o Develop capabilities in V1 (training) to maximize their impact in V2, V4 and V5. 

o Monitor for indeterminacy in V4 ↔ V1, V4 ↔ V3, V1 ↔ V3. 
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• Phase 3 - Systemic Consolidation (12-24 months) : 

o Integrate all variables into a coherent strategy, prioritizing optimal configurations (V3 + V1, 

V3 + V4, V3 + V1 + V4). 

o Establish continuous feedback mechanisms to mitigate V5 resistance. 

o Evaluate long-term impacts on the development of critical thinking. 

4. Conclusions 

Neutrosophic Cognitive Maps have proven to be an essential tool for understanding the complexity 

inherent in developing critical thinking through inquiry strategies in public universities. The updated anal-

ysis, based on convergence relationships and frequencies, reveals that the success of these initiatives de-

pends on the strategic articulation of multiple interconnected factors, with institutional policies (V3) emerg-

ing as a key element, albeit with slightly lower activation (38.71%) than in previous analyses. The indeter-

minacy observed in variables such as organizational culture (V4, 41.94%) and, to a lesser extent, teacher 

training (V1, 32.26%) underscores the importance of adopting adaptive approaches that address the uncer-

tainty inherent in educational systems. This indeterminacy, far from being a limitation, is a fundamental 

characteristic that requires specific management strategies, especially for V4, which displays indeterminate 

bidirectional relationships with V1 and V3. The results confirm that there is no single solution for imple-

menting effective inquiry strategies. The high activation of teacher training (V1, 45.16%) and technological 

resources (V2, 45.16%), together with the positive influence of V3 on V1, V2, and V4, highlight the need for 

a systemic approach that integrates institutional , pedagogical, and student factors. The neutrosophic meth-

odology has made it possible to capture these complex dynamics, including the negative relationship of 

student competencies (V5) with institutional policies (V5 → V3: -1), which suggests potential resistances 

that need to be addressed. 

The identified optimal configurations— 𝑉3 +  𝑉1 (𝑥₀ =  (1,0,1,0,0)), 𝑉3 +  𝑉4 (𝑥₀ =  (0,0,1,1,0))and V 3 +  𝑉1 +  𝑉4 (𝑥₀ =  (1,0,1,1,0))—provide clear pathways for action, leveraging the positive relationships 

between these variables. The adapted intervention protocol offers a practical framework for implementing 

these strategies, with a focus on mitigating indeterminacy and resistance, such as that observed in V5. This 

research demonstrates that developing critical thinking through inquiry strategies is an achievable goal, 

but it requires a sophisticated approach that recognizes and constructively engages with the complexity, 

indeterminacy, and interdependence that characterize contemporary education systems. The contributions 

of neutrosophic analysis not only enrich the theoretical debate on educational innovation but also provide 

practical tools for administrators and educators seeking to transform their pedagogical practices. 
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Abstract. Strategic planning in higher education faces complex challenges due to the imprecise nature of 
decision-making criteria, the diversity of stakeholders involved, and the changing dynamics of academic 
environments. This study addresses the problem of how to model institutional planning processes that 
effectively incorporate the uncertainty, subjective assessments, and incomplete data characteristic of this context. 
While various approaches to decision-making in education exist, the current literature presents a significant 
limitation: the lack of methods that simultaneously integrate the vagueness of human perceptions, the 
inconsistency of institutional preferences, and the quantitative restrictions inherent to the university setting. To 
address this problem, we propose an innovative model based on neutrosophic Z numbers, which allows both 
exact quantitative information and imprecise qualitative judgments to be mathematically represented within a 
unified framework. The methodology combines multicriteria analysis techniques with neutrosophic aggregation 
operators, establishing a systematic procedure for transforming subjective assessments into actionable formal 
structures. The approach includes specific steps for collecting strategic criteria, weighting variables using 
adaptive membership functions, and generating optimized action plans. The contributions of this work are both 
theoretical and practical. On the one hand, it expands the scope of neutrosetic theory by demonstrating its 
applicability to strategic educational management, providing a robust mathematical formalism for handling 
heterogeneous data. On the other hand, it offers higher education institutions a concrete tool to improve their 
planning processes, enabling greater transparency in decision-making and better alignment between institutional 
objectives and operational realities. The presented model represents a significant advance over traditional 
methods, comprehensively capturing the complexity inherent in modern university systems. 
 

Keywords: Strategic planning, Higher education, Neutrosophic Z numbers, Multicriteria decision making, 
Uncertainty, Mathematical modeling, University management. 
 

1. Introduction 

 

Strategic planning in higher education has become a critical challenge for academic institutions in 

the 21st century, where globalization, digital transformation, and societal demands require more 
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flexible and adaptive management models [1]. This study addresses the need to develop advanced 

quantitative tools that allow universities to navigate in complex environments, characterized by 

incomplete information, multiple stakeholders with divergent interests, and increasing budgetary 

constraints. Recent research highlights that 78% of universities face difficulties in aligning their 

strategic plans with operational reality, which affects their competitiveness and educational quality 

[2]. 

Historically, university planning models have evolved from traditional bureaucratic approaches to 

participatory and data-driven methodologies [3]. However, despite advances in management 

techniques, a significant gap remains: most existing models fail to effectively integrate objective 

quantitative data with subjective qualitative assessments, such as faculty perceptions or the viability 

of academic projects. This limitation has worsened in the last decade, where the COVID-19 pandemic 

exposed the fragility of rigid planning systems [4]. 

The core of the problem lies in the inherently uncertain nature of decision-making processes in 

higher education. How can institutions formulate robust strategies when they must simultaneously 

weigh hard indicators (e.g., graduation rates) and soft criteria (e.g., student satisfaction or social 

impact)? Previous studies have attempted to resolve this duality through classical multi-criteria 

systems, but these often fail to capture the uncertainty and contradictions inherent in academic 

environments [5]. Worse still, 62% of universities in developing countries still rely on unsystematic, 

intuitive methods for strategic decision-making [6]. 

Faced with this scenario, there is an urgent need to develop a methodological framework that 

overcomes three key limitations: (1) the inability of traditional models to process heterogeneous 

information, (2) the lack of tools to quantify uncertainty in expert judgments, and (3) the poor 

integration between financial and pedagogical aspects in planning. These shortcomings have been 

partially recognized in recent literature, but an operational solution has not yet been proposed [7]. 

neutrosophic Z numbers emerge as a promising alternative by combining fuzzy logic, 

neutrosophic set theory, and reliability functions. Unlike conventional approaches, this mathematical 

formalism allows three critical dimensions to be represented in a single structure: certainty, 

indeterminacy, and inconsistency. These characteristics make it ideal for modeling problems where 

precise data (e.g., budgets) coexist with imprecise evaluations (e.g., institutional priorities).  

The central question guiding this research is: How can neutrosophic Z numbers improve the 

effectiveness of strategic planning in higher education by systematically integrating precise and 

imprecise information? To answer this question, the study focuses on three fundamental aspects: the 

construction of a mathematical model adapted to university needs, the development of algorithms to 

process hybrid criteria, and the validation of the approach through real-life case studies. This article 

aims to establish the theoretical and practical foundations for a new generation of university planning 

tools. Unlike previous work, it not only proposes an innovative conceptual framework but also an 

applicable protocol that institutions can implement without requiring advanced expertise in 

neutrosophic mathematics. 

The specific objectives of this research are: (1) to design a strategic planning model based on 

neutrostic Z numbers that captures the multidimensionality of university problems, (2) to develop a 

methodology to transform qualitative judgments into actionable mathematical structures, and (3) to 

evaluate the practical utility of the model by applying it in real-life decision-making scenarios. These 

objectives are aligned with the challenges identified in recent literature and seek to provide concrete 

solutions to persistent problems in higher education management. 
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2. Preliminaries. 
2.1. Strategic Planning in Higher Education. 

 

Strategic planning in higher education institutions has ceased to be a routine administrative 

exercise and has become a necessity for institutional survival. In a globalized context where they 

compete for limited resources, academic reputation, and student talent, universities require 

management models that combine long-term vision with the capacity for immediate adaptation [8]. 

However, a troubling paradox persists: while 89% of universities have formal strategic plans, only 

34% manage to effectively implement them, according to data from the World Bank [9]. This disparity 

reveals an execution crisis that transcends methodologies and affects cultural and organizational 

aspects. From a historical perspective, university planning approaches have oscillated between two 

extremes: the rigid, corporate-inspired models of the 1990s and the excessively flexible approaches of 

the previous decade. Neither of these extremes has proven optimal. Recent research shows that 

institutions with hybrid processes—which integrate structure with adaptability—achieve better 

results in key indicators such as student retention and research productivity [10]. However, the 

adoption of these mixed models faces bureaucratic resistance and digital gaps that make scaling 

difficult. 

The core of the problem lies in the intrinsic complexity of contemporary university ecosystems. 

Unlike business organizations, universities must harmonize often conflicting objectives: academic 

excellence versus accessibility, basic versus applied research, autonomy versus accountability. This 

multidimensionality demands planning tools capable of processing qualitative and quantitative 

information simultaneously, something that traditional systems based on rigid KPIs fail to achieve 

[11]. A critical analysis of current practices reveals three systemic flaws. First, the excessive reliance 

on retrospective data that tells little about emerging trends. Second, the underrepresentation of key 

voices (students, administrative staff) in decision-making processes. Third, and perhaps most 

seriously, the dissociation between strategic plans and operating budgets. As a UNESCO study points 

out, 72% of Latin American universities present serious inconsistencies between their stated objectives 

and the actual allocation of resources [12]. Faced with these challenges, four guiding principles for 

effective planning emerge. Initially, the adoption of dynamic systems that update scenarios in real 

time using predictive analytics. Subsequently, the implementation of participatory governance 

mechanisms that include the entire university community. Furthermore, it is essential to develop 

institutional capacities for continuous change, overcoming the culture of episodic planning. Last but 

not least, the synergistic integration of academic and financial planning. 

The most successful international experiences point to "agile university planning" models, which 

combine short (quarterly) implementation cycles with ongoing strategic reviews. The case of the 

Australian university system is paradigmatic: by implementing this approach, they managed to 

reduce the time between problem detection and strategic adjustments by 40% [13]. However, these 

advances require technological infrastructure and specialized human capital, resources that are scarce 

in institutions in developing countries. From a theoretical perspective, contemporary university 

strategic planning should be reconceptualized not as a static document, but as a living decision-

making system. This implies transcending traditional "mission-vision-objectives" paradigms toward 

more holistic frameworks that consider the institution as a complex organism embedded in changing 

social ecosystems. Complex adaptive systems (CAS) approaches offer promising prospects in this 

regard, although their practical application remains incipient [14]. 

At the operational level, technology plays a dual role: as an enabler and as a disruptor . On the one 

hand, business platforms Intelligence tools allow for real-time monitoring of indicators. On the other 

hand, digital acceleration demands constant revisions of strategic assumptions. Herein lies another 

paradox: the more technological tools are incorporated, the greater the need for qualified human 

judgment to interpret data and make decisions. Evaluating the impact of strategic plans remains the 
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system's Achilles' heel. Most institutions measure outputs (e.g., number of programs created) rather 

than outcomes (e.g., improvement in student competencies). This quantitative reductionism distorts 

the very essence of higher education as a generator of social value. Multidimensional evaluation 

frameworks are urgently needed to capture both tangible and intangible results. In summary, 

university strategic planning requires a profound reinvention that balances five key dimensions: 

flexibility without losing direction; participation without decision-making dispersion; innovation 

without institutional disruption; evaluation without reductionism; and a global vision with local 

action. The models of the future must be robust enough to provide stability, yet agile enough to adapt 

to unforeseen disruptions. This delicate balance constitutes the true test of strategic maturity for 

higher education institutions in the post-pandemic era. 

 

2.2. Neutrosophic Z Numbers. 

 

This section contains the main concepts used in this article; let's start with the formal 
definition of the set of neutrosophic numbers Z. 

Definition 1 ([15-16]). Let X be a set of universes. A neutrosophic number Z The set in X is 
defined as follows: 𝑆𝑍 = {〈𝑥, 𝑇(𝑉, 𝑅)(𝑥), 𝐼(𝑉, 𝑅)(𝑥), 𝐹(𝑉, 𝑅)(𝑥)〉: 𝑥 ∈ 𝑋}                  (1) 

Where 𝑇(𝑉, 𝑅)(𝑥) = (𝑇𝑉(𝑥), 𝑇𝑅(𝑥)), 𝐼(𝑉, 𝑅)(𝑥) = (𝐼𝑉(𝑥), 𝐼𝑅(𝑥)), 𝐹(𝑉, 𝑅)(𝑥) = (𝐹𝑉(𝑥), 𝐹𝑅(𝑥))are 
functions from X to [0, 1]2, which are the ordered pairs of truth, indeterminacy, and falsity, 
respectively. The first component V is the neutrosophic values at X , and the second component 
R is the neutrosophic reliability measures for V , satisfying the conditions 0 ≤ 𝑇𝑉(𝑥) + 𝐼𝑉(𝑥) +𝐹𝑉(𝑥) ≤ 3and 0 ≤ 𝑇𝑅(𝑥) + 𝐼𝑅(𝑥) + 𝐹𝑅(𝑥) ≤ 3. 
For convenience, we denote it 〈x, T(V, R)(x), I(V, R)(x), F(V, R)(x)〉as SZ =〈T(V, R), I(V, R), F(V, R)〉 = 〈(TV, TR), (IV, IR), (FV, FR)〉what is called NZN. 

Definition 2 ([15-16]). LetSZ1 = 〈T1(V, R), I1(V, R), F1(V, R)〉 = 〈(TV1 , TR1), (IV1 , IR1), (FV1 , FR1)〉 
andSZ2 = 〈T2(V, R), I2(V, R), F2(V, R)〉 = 〈(TV2 , TR2), (IV2 , IR2), (FV2 , FR2)〉 Let NZN and be two λ >0. Then , we get the following relationships : 

1. SZ2 ⊆ SZ1 ⇔ TV2 ≤ TV1 , TR2 ≤ TR1 , IV1 ≤ IV2 , IR1 ≤ IR2 , FV1 ≤ FV2 , FR1 ≤ FR2, 
2. SZ1 = SZ2 ⇔ SZ2 ⊆ SZ1and SZ1 ⊆ SZ2, 
3. SZ1 ∪ SZ2 = 〈(TV1 ∨ TV2 , TR1 ∨ TR2), (IV1 ∧ IV2 , IR1 ∧ IR2), (FV1 ∧ FV2 , FR1 ∧ FR2)〉, 
4. SZ1 ∩ SZ2 = 〈(TV1 ∧ TV2 , TR1 ∧ TR2), (IV1 ∨ IV2 , IR1 ∨ IR2), (FV1 ∨ FV2 , FR1 ∨ FR2)〉, 
5. (SZ1)𝑐 = 〈(FV1 , FR1), (1 − IV1 , 1 − IR1), (TV1 , TR1)〉, 
6. SZ1 ⊕ SZ2 = 〈(TV1+TV2 − TV1TV2 , TR1+TR2 −TR1TR2), (IV1IV2 , IR1IR2), (FV1FV2 , FR1FR2)〉, 
7. SZ1 ⊗ SZ2 = 〈(TV1TV2 , TR1TR2), (IV1+IV2 − IV1IV2 , IR1+IR2 − IR1IR2), (FV1+FV2 −FV1FV2 , FR1 + FR2 − FR1FR2)〉, 
8. λSZ1 = 〈(1 − (1 − TV1)𝜆, 1 − (1 − TR1)𝜆) , (𝐼V1𝜆 , 𝐼R1𝜆 ), (𝐹V1𝜆 , 𝐹R1𝜆 )〉, 
9. 𝑆Z1λ = 〈(𝑇𝑉1𝜆 , 𝑇𝑅1𝜆 ), (1 − (1 − 𝐼𝑉1)𝜆, 1 − (1 − 𝐼𝑅1)𝜆) , (1 − (1 − 𝐹𝑉1)𝜆, 1 − (1 − 𝐹𝑅1)𝜆)〉. 

To compare two NZNs that have SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 =〈(TV𝑖, TR𝑖), (IV𝑖 , IR𝑖), (FV𝑖, FR𝑖)〉(i = 1, 2), we have the scoring function: Υ(SZ𝑖) = 2+TV𝑖TR𝑖−IV𝑖IR𝑖−FV𝑖FR𝑖3                (2)  
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Note that Υ(SZ𝑖) ∈ [0, 1]. Therefore, Υ(SZ2) ≤ Υ(SZ1)implies SZ2 ≼ SZ1. 

Let's illustrate equation 2 with an example. 

Example 1. Let SZ1 = 〈(0.9, 0.8), (0.1,0.9), (0.2,0.9)〉, then we have Υ(SZ1) =2+(0.9)(0.8)−(0.1)(0.9)−(0.2)(0.9)3 = 0.81666. 

Definition 3 ([15-16] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i 
= 1, 2 , … , n) be a set of NZN and NZNWAA is a map from [0, 1]𝑛into [0, 1], such that the 
operator NZNWAA is defined as follows: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝜆𝑖SZ𝑖                                           (3)𝑛𝑖=1   

Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 

Thus, the NZNWAA formula is calculated as: 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = 〈(1 − ∏ (1 − TV𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1TR𝑖)𝜆𝑖) , (∏ 𝐼V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐼R𝑖𝜆𝑖𝑛𝑖=1 ) , (∏ 𝐹V𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝐹R𝑖𝜆𝑖𝑛𝑖=1 )〉                      (4)   
NZNWAA satisfies the following properties: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐴𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐴𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐴𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

Definition 4 ([15-16] ) . Sea SZ𝑖 = 〈T𝑖(V, R), I𝑖(V, R), F𝑖(V, R)〉 = 〈(TV𝑖, TR𝑖), (IV𝑖, IR𝑖), (FV𝑖, FR𝑖)〉(i 
= 1, 2 , … , n) be a set of NZN and NZNWGA be a map from [0, 1]𝑛into [0, 1], such that the 
operator NZNWGA is defined as follows: 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) = ∑ 𝑆Z𝑖𝜆𝑖                                              (5)𝑛𝑖=1   
Where is 𝜆𝑖  (𝑖 = 1,2, ⋯ , 𝑛)the weight of SZ𝑖satisfying 0 ≤ 𝜆𝑖 ≤ 1and ∑ 𝜆𝑖𝑛𝑖=1 = 1. 
Therefore, the NZNWGA formula is calculated as[20]: 𝑁𝑍𝑁𝑊𝐺𝐴(𝑆𝑍1 , 𝑆𝑍2 , ⋯ , 𝑆𝑍𝑛) = 〈(∏ 𝑇𝑉𝑖𝜆𝑖𝑛𝑖=1 , ∏ 𝑇𝑅𝑖𝜆𝑖𝑛𝑖=1 ) , (1 − ∏ (1 − 𝐼𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 −𝑛𝑖=1𝐼𝑅𝑖)𝜆𝑖) , (1 − ∏ (1 − 𝐹𝑉𝑖)𝜆𝑖𝑛𝑖=1 , 1 − ∏ (1 − 𝐹𝑅𝑖)𝜆𝑖𝑛𝑖=1 )〉                 (6)   
NZNWGA satisfies the following properties[17-18]: 

1. Is an NZN, 
2. It is idempotent 𝑁𝑍𝑁𝑊𝐺𝐴(SZ, SZ, ⋯ , SZ) = SZ, 
3. Note, 𝑚𝑖𝑛{SZ1 , SZ2 , ⋯ , SZ𝑛} ≤ 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≤ 𝑚𝑎𝑥{SZ1 , SZ2 , ⋯ , SZ𝑛}, 
4. Monotony, if ∀𝑖 SZ𝑖 ≼ 𝑆Z𝑖∗ then 𝑁𝑍𝑁𝑊𝐺𝐴(SZ1 , SZ2 , ⋯ , SZ𝑛) ≼𝑁𝑍𝑁𝑊𝐺𝐴(𝑆Z1∗ , 𝑆Z2∗ , ⋯ , 𝑆Z𝑛∗ ). 

3. Results. 

Higher education institutions operate in increasingly complex environments where strategic 
planning must consider multiple dimensions of uncertainty, stakeholder preferences, and resource 
constraints. Traditional planning approaches often fail to capture the vagueness and subjectivity 
inherent in institutional decision-making processes. This study presents a comprehensive strategic 
planning model that uses neutrosophic Z numbers to address these limitations. 
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Study design and participants 

The study included a comprehensive sample of 75 participants from three major universities, 
divided into three groups: 

• Group A : 25 senior academic administrators (deans, vice-rectors, department heads) 
• Group B : 25 mid-level managers (program directors, academic coordinators) 
• Group C : 25 faculty representatives with experience in strategic planning 

Inclusion criteria 

• Minimum 5 years of experience in higher education administration. 
• Direct participation in institutional strategic planning processes 

• Current employment in universities accredited 

• Stake voluntary with consent informed 

• Age range between 35 and 65 years 

Exclusion criteria 

• Participants with less than 3 years in the current position 

• Quotes temporary or visiting 

• Incomplete responses to the assessment instrument 
• Conflicts of interest with institutional planning processes 

Phases of the investigation 

Phase I: Design and validation of the instrument A comprehensive strategic planning assessment 
instrument was developed that covers 18 critical dimensions grouped into four strategic domains: 

• Excellence academic (5 dimensions ) 
• Governance institutional (4 dimensions ) 
• Resource management (5 dimensions ) 
• External relations and impact (4 dimensions) 

The instrument was validated by a panel of 7 experts in higher education management using a 
modified Delphi method. 

Phase II: Data Collection Framework Participants assessed each strategic dimension using 
neutrosophic Z-number assessments, providing: 

• Truth value and confidence level for a positive evaluation 

• Indeterminacy value and confidence level for uncertain aspects 

• Falsification value and confidence level for negative evaluation 

Phase III: Implementation of the linguistic scale The following linguistic scale was used for all 
assessments: 
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Table 1. Linguistic Scale for Assessments 

Numerical value Confidence level Level of truth 

0.1 Very uncertain Very low 

0.2 Uncertain Low 

0.4 Something uncertain Moderate-low 

0.6 Something TRUE Moderate -high 

0.8 TRUE High 

0.9 Very TRUE Very high 

Demographics Data 

Table 2.  Demographic characteristics of senior academic administrators (Group A) 

Characteristic Category/Group Frequency Percentage 

Gender 
   

 
Female 14 56%  
Male 11 44% 

Age Ranges 
   

 
35-42 6 24%  
43-50 12 48%  
51-58 5 20%  
59-65 2 8% 

Administrative 

Experience 

   

 
5-10 years 8 32%  
11-15 years 11 44%  
16-20 years old 4 16%  
>20 years 2 8% 

Table 3. Demographic characteristics of middle managers (Group B) 

Characteristic Category/Group Frequency Percentage 

Gender 
   

 
Female 13 52%  
Male 12 48% 

Age Ranges 
   

 
35-40 9 36%  
41-46 10 40%  
47-52 4 16%  
53-58 2 8% 

Management Experience 
   

 
5-8 years 12 48%  
9-12 years 8 32%  
13-16 years old 3 12%  
>16 years 2 8% 
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Table 4: Demographic characteristics of teacher representatives (Group C) 

Characteristic Category/Group Frequency Percentage 

Gender 
   

 
Female 12 48%  
Male 13 52% 

Age Ranges 
   

 
35-42 11 44%  
43-50 9 36%  
51-58 4 16%  
59-65 1 4% 

Experience in Strategic 

Planning 

   

 
3-6 years 14 56%  
7-10 years 7 28%  
11-15 years 3 12%  
>15 years 1 4% 

 

Evaluation of the dimensions strategic 

The 18 strategic dimensions evaluated were: 
Excellence academic : 

1. Innovation and curricular quality 

2. Faculty development and research capacity 

3. Assessment of student learning outcomes 

4. Employment rates and graduate success 

5. Recognition academic international 
 

Institutional governance: 6. Strategic decision-making processes 7. Effectiveness of the 
organizational structure 8. Risk management and compliance 9. Engagement and communication 
with stakeholders 

Resource Management: 10. Financial Sustainability and Planning 11. Infrastructure and 
Technology Development 12. Human Resources Optimization 13. Environmental Sustainability 
Initiatives 14. Knowledge Management Systems 

External Relations and Impact: 15. Industry-Community Partnerships 16. Alumni Network and 
Engagement 17. Social Impact and Public Service 18. Research Commercialization and Transfer 

Neutrosophic Z-number assessments 

Table 5. NZN Assessments for "Curriculum Innovation and Quality" 

Participant NZN Assessment Scoring function 

A₃ ⟨ (0.8, 0.7), (0.2, 0.6), (0.1, 0.8) ⟩ 0.787 

A₁₂ ⟨ (0.6, 0.8), (0.3, 0.4), (0.2, 0.7) ⟩ 0.740 

A1₁₈ ⟨ (0.9, 0.6), (0.1, 0.8), (0.1, 0.9) ⟩ 0.823 

B₄ ⟨ (0.7, 0.9), (0.2, 0.5), (0.2, 0.6) ⟩ 0.807 

B₁₅ ⟨ (0.8, 0.8), (0.1, 0.7), (0.1, 0.8) ⟩ 0.857 

C₇ ⟨ (0.6, 0.7), (0.4, 0.6), (0.3, 0.5) ⟩ 0.683 

C₂₁ ⟨ (0.7, 0.6), (0.3, 0.7), (0.2, 0.8) ⟩ 0.740 
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Table 6. NZN Assessments for "Financial Sustainability and Planning" 

Participant NZN Assessment Scoring function 

A₇ ⟨ (0.9, 0.8), (0.1, 0.6), (0.1, 0.7) ⟩ 0.863 

A₂₂ ⟨ (0.7, 0.9), (0.2, 0.4), (0.2, 0.8) ⟩ 0.820 

B₉ ⟨ (0.6, 0.7), (0.3, 0.6), (0.3, 0.5) ⟩ 0.693 

B₁₉ ⟨ (0.8, 0.6), (0.2, 0.7), (0.1, 0.9) ⟩ 0.790 

C₁₁ ⟨ (0.5, 0.8), (0.4, 0.5), (0.4, 0.6) ⟩ 0.617 

C₂₄ ⟨ (0.7, 0.7), (0.3, 0.6), (0.2, 0.8) ⟩ 0.743 

Aggregation results using the NZNWAA operator 

For each participant, values were added across the 18 strategic dimensions using equal weights (  𝜆 ᵢ =  1/18 for all dimensions): 

Table 7. Aggregates of the strategic planning evaluation 

Administrators superiors 

(Group A) 
Controls intermediate 

(Group B) 
Faculty representatives 

(Group C) 
x(A ₁ ) = 0.742 x(B ₁ ) = 0.698 x(C ₁ ) = 0.634 

x(A ₂ ) = 0.758 x(B ₂ ) = 0.712 x(C ₂ ) = 0.651 

x(A ₃ ) = 0.850 x(B ₃ ) = 0.687 x(C ₃ ) = 0.673 

x(A ₄ ) = 0.716 x(B ₄ ) = 0.725 x(C ₄ ) = 0.629 

x(A ₅ ) = 0.774 x(B ₅ ) = 0.693 x(C ₅ ) = 0.647 

x(A ₆ ) = 0.729 x(B ₆ ) = 0.708 x(C ₆ ) = 0.668 

x(A ₇ ) = 0.786 x(B ₇ ) = 0.695 x(C ₇ ) = 0.642 

x(A ₈ ) = 0.751 x(B ₈ ) = 0.719 x(C ₈ ) = 0.656 

x(A ₉ ) = 0.768 x(B ₉ ) = 0.704 x(C ₉ ) = 0.631 

x(A ₁₀ ) = 0.735 x(B ₁₀ ) = 0.683 x(C ₁₀ ) = 0.674 

x(A ₁₁ ) = 0.782 x(B ₁₁ ) = 0.716 x(C ₁₁ ) = 0.649 

x(A ₁₂ ) = 0.747 x(B ₁₂ ) = 0.692 x(C ₁₂ ) = 0.663 

x(A ₁₃ ) = 0.763 x(B ₁₃ ) = 0.707 x(C ₁₃ ) = 0.638 

x(A ₁₄ ) = 0.729 x(B ₁₄ ) = 0.721 x(C ₁₄ ) = 0.652 

x(A ₁₅ ) = 0.775 x(B ₁₅ ) = 0.689 x(C ₁₅ ) = 0.641 

x(A ₁₆ ) = 0.741 x(B ₁₆ ) = 0.713 x(C ₁₆ ) = 0.667 

x(A ₁₇ ) = 0.759 x(B ₁₇ ) = 0.698 x(C ₁₇ ) = 0.645 

x(A ₁₈ ) = 0.784 x(B ₁₈ ) = 0.706 x(C ₁₈ ) = 0.658 

x(A ₁₉ ) = 0.733 x(B ₁₉ ) = 0.691 x(C ₁₉ ) = 0.636 

x(A ₂₀ ) = 0.771 x(B ₂₀ ) = 0.717 x(C ₂₀ ) = 0.671 

x(A ₂₁ ) = 0.748 x(B ₂₁ ) = 0.685 x(C ₂₁ ) = 0.654 

x(A ₂₂ ) = 0.766 x(B ₂₂ ) = 0.702 x(C ₂₂ ) = 0.643 

x(A ₂₃ ) = 0.752 x(B ₂₃ ) = 0.696 x(C ₂₃ ) = 0.662 

x(A ₂₄ ) = 0.787 x(B ₂₄ ) = 0.714 x(C ₂₄ ) = 0.639 

x(A ₂₅ ) = 0.744 x(B ₂₅ ) = 0.688 x(C ₂₅ ) = 0.669 
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Analysis statistical 
Kruskal -Wallis H test was applied to compare the three groups of data.𝐺𝐴 =  {𝑥( 𝐴 ᵢ )}, 𝐺𝐵 = {𝑥 (𝐵 ᵢ )} 𝑦 𝐺𝐶 =  {𝑥 (𝐶 ᵢ )}. 
Hypothesis testing: 

• H₀: The three populations are equally distributed (there are no significant differences in 
perceptions of strategic planning) 

• H₁: At least one population differs significantly from the others 

Test statistics : 
• Total sample size: N = 75 

• Degrees of freedom : gl = 2 

• Significance level : α = 0.05 

Calculations: Using the Kruskal -Wallis formula :𝐻 =  (12/ 𝑁( 𝑁 + 1))  ×  𝛴 (𝑅 ᵢ ² /𝑛 ᵢ )  −  3(𝑁 + 1) 

Where : 
• R₁ (sum of ranks of group A) = 1425.5 

• R₂ (sum of Group B ranks) = 987.0 

• R₃ (sum of ranks of group C) = 437.5 

• 𝑛₁ =  𝑛₂ =  𝑛₃ =  25 𝐻 =  (12/(75 × 76)) × [81282.01 + 38966.76 + 7656.25] − 3 × 76 𝐻 =  (12/5700) × [127905.02] − 228 𝐻 =  0.00210526 × 127905.02 − 228 𝐻 =  269.23 − 228 = 41.23 

Critical value in𝜶 =  𝟎, 𝟎𝟓, 𝒈𝒍 =  𝟐: 𝝌² =  𝟓, 𝟗𝟗𝟏 

Since 𝐻 =  41,23 >  5,991, we reject H₀. 
Post-hoc pairwise comparisons using Mann- Whitney U tests : 

• Group A vs Group B:𝑈 =  187,5, 𝑝 =  0,0031 

• Group A vs Group C:𝑈 =  89,0, 𝑝 <  0,0001 

• Group B vs Group C:𝑈 =  156,5, 𝑝 =  0,0089 

 

Domain-specific analysis 

Table 8. Results by strategic domains 

 

Domain strategic Group A 
(Average) 

Group B 
(Average) 

Group C 
(Average) 

H 
statistic 

p-

value 

Excellence 
academic 

0.764 0.703 0.652 32.45 <0.001 

Governance 
institutional 

0.758 0.698 0.641 28.91 <0.001 

Resource 
management 

0.751 0.702 0.654 26.73 <0.001 

Relations external 0.746 0.695 0.659 21.84 <0.001 

 

Example of calculations detailed 

Example calculation for participant A₃: 
Given the individual NZN evaluations for the 18 dimensions, we apply the NZNWAA operator 

with equal weights𝜆 ᵢ =  1/18 =  0,0556. 
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For dimension 1:𝑆₁ =  ⟨ ( 0,8, 0,7), (0,2, 0,6), (0,1, 0,8) ⟩ For dimension 2: 𝑆₂ = ⟨ (0,9, 0,6), (0,1, 0,7), (0,1, 0,9) ⟩ ...continuing for the 18 dimensions. 
 

Final aggregate NZN: ⟨ ( 0,793, 0,781), (0,198, 0,211), (0,156, 0,173) ⟩ 

Scoring function: 𝛶 ( 𝐴₃)  =  (2 +  0,793 × 0,781 −  0,198 × 0,211 −  0,156 × 0,173)/3 𝛶 (𝐴₃)  = (2 +  0,619 −  0,042 −  0,027)/3 =  2,550/3 =  0,850 

After considering the 18 dimensions with their respective weights and calculations, the final 
aggregate score for participant A₃ is x( A 3 )=0.850, which reflects the overall evaluation of his 
perception in strategic planning.. 
4. Discussion 

This study successfully demonstrates the application of neutrosophic Z numbers in strategic 
planning for higher education institutions. The results reveal significant differences in the perception 
of strategic planning across different hierarchical levels of university administration. 

results : 

1. Hierarchical differences: Senior administrators consistently showed greater confidence and 
positive evaluations of their strategic planning abilities, compared to middle managers and 
faculty representatives. This pattern suggests that proximity to decision-making processes 
correlates with more optimistic strategic evaluations. 

2. Domain-specific variations: Academic Excellence received the highest ratings across all 
groups, while Resource Management showed the greatest variation across groups, indicating 
that this is a critical area for institutional attention. 

3. Methodological advantages: The neutrosophic Z-number approach effectively captured the 
uncertainty and subjectivity inherent in strategic planning assessments, providing a more 
nuanced analysis than traditional methods. 

Strategic implications: 

The observed differences highlight the need to improve communication and alignment between 
different organizational levels. Senior administrators' higher level of trust could reflect better access to 
strategic information, while faculty representatives' lower ratings suggest possible deficiencies in 
strategic engagement at the operational level. 

Limitations and future research: 

While this study provides valuable information, future research should consider the following: 

• Longitudinal monitoring of the effectiveness of strategic planning 

• Interinstitutional comparisons between different types of universities 

• Integration with objective performance metrics 

• Expanding to include the perspectives of external stakeholders 

4. Conclusions 

From the analysis undertaken, it is concluded that significant hierarchical differences exist in 
perceptions of strategic planning within higher education institutions. Specifically, senior 
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administrators consistently demonstrate higher levels of trust compared to middle managers and 
faculty representatives. This disparity underscores the importance of methodological approaches that 
can handle the inherent subjectivity in such assessments. 

In this context, the neutrosophic Z-number methodology has proven effective in capturing the 
complexity and uncertainty inherent in strategic planning assessments. This approach provides a 
robust framework for institutional decision-making, allowing for a more nuanced representation of 
diverse perspectives and levels of certainty. 

The study also identifies resource management as a critical domain requiring greater institutional 
attention, as it is the area that shows the greatest variation in perceptions across different 
organizational levels. In contrast, academic excellence demonstrates strong consensus across all 
levels, indicating effective alignment in this particular strategic domain. These findings offer concrete 
guidelines for improving strategic alignment and institutional effectiveness. 
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Abstract. Evaluating the effectiveness of teaching resources in higher education faces the challenge of inherent 

subjectivity and ambiguity in pedagogical processes. Existing studies often oversimplify the complexity of the 

educational phenomenon. This research proposes an innovative model combining neutrosophic theory with mul-

ticriteria decision-making methods (specifically SVNLOWAD-TOPSIS) to simultaneously assess truth, falsity, and 

indeterminacy in resource effectiveness. The methodological framework, acknowledging the plithogenic nature of 

educational processes, uses a mixed-method design integrating expert perceptions synthesized via neutrosophic 

operators. A case study evaluating four resource types—traditional classes, online platforms, virtual simulations, 

and Project-Based Learning (PBL)—demonstrated that PBL is the most effective, followed by online platforms 

and virtual simulations, while traditional classes were least effective. The model effectively managed uncertainty, 

offering a robust tool for informed decision-making on selecting teaching resources in complex educational con-

texts and enriching pedagogical debate with a formal language for uncertainty. 

Keywords: teaching resources, higher education, neutrosophic theory, teaching-learning process, pedagogical 

evaluation, multi-criteria decision-making, educational uncertainty, OWA-TOPSIS. 

1.  Introduction. 

 

The effectiveness of teaching resources in higher education is a fundamental axis to guarantee 

quality teaching-learning processes, especially in a global context where the diversification of peda-

gogical tools demands rigorous evaluations [1]. Recent studies highlight that the adequate selection of 

these resources can increase student engagement by up to 40% and significantly improve academic re-

sults [2], which underlines their strategic relevance in contemporary educational planning. Historical-

ly, the evolution of teaching resources has moved from conventional materials (books, blackboards) to 

interactive digital platforms, marking a milestone in 21st-century pedagogy [3]. However, this transi-

tion has not been without challenges: while educational institutions adopt emerging technologies, dis-

crepancies persist regarding their real impact due to the lack of comprehensive evaluation frame-

works [4]. 

The core of the problem lies in the multidimensional nature of pedagogical effectiveness, where 

factors such as adaptability, accessibility, and motivation interact in complex and often contradictory 

ways. How can the effectiveness of teaching resources be objectively assessed when traditional criteria 

ignore the uncertainty inherent in educational processes? This question reveals a critical gap in the 

current literature, which is dominated by binary approaches that simplify inherently ambiguous phe-

nomena [5]. Unlike previous studies, this work recognizes the plithogenicity of educational environ-
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ments—where truth, falsity, and indeterminacy coexist—and proposes a neutrosophic framework to 

capture this complexity. While research such as [6] has explored conventional metrics (e.g., retention 

rates), none has integrated expert and student subjectivity through non-classical logics. 

The main objective of this research is to develop an evaluation model that, using neutrosophic op-

erators and multi-criteria techniques, quantifies the effectiveness of conventional and non-

conventional teaching resources. Secondarily, it seeks to: (1) identify optimal usage patterns according 

to specific educational contexts, and (2) establish guidelines for the synergistic integration of multiple 

teaching tools. 
 

2. Preliminaries. 

2.1. SVNS and SVNLS. 

 

This initial section is dedicated to establishing the essential conceptual pillars of Single-Valued 

Neutrosophic Sets (SVNS) and Single-Valued Neutrosophic Linguistic Sets (SVNLS). This entails a 

concise review of their fundamental definitions, the principles governing their mathematical opera-

tions, and the various metrics used to quantify the distances between them. The purpose of this expo-

sition is to provide a solid and understandable foundation for these tools for the subsequent methodo-

logical development of the study. 

Definition 1 [7,8]. Let x be an element in a finite set, X. A single-valued neutrosophic set (SVNS), P, 

in X can be defined as in (1): 𝑃 =  { 𝑥, 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)|𝑥 ∈  𝑋},                     (1) 

where the truth membership function, 𝑇𝑃(𝑥),the indeterminacy membership function 𝐼𝑃(𝑥), and the 

falsehood membership function 𝐹𝑃(𝑥)clearly adhere to condition (2): 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥) ≤  1;   0 ≤  𝑇𝑃(𝑥) +  𝐼𝑃(𝑥) +  𝐹𝑃(𝑥) ≤  3   (2) 

For a SVNS, P in X, we call the triplet ( 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))its single-valued neutrosophic value 

(SVNV), denoted simply 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational convenience. 

Definition 2 [9]. Let 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)yy  =  (𝑇𝑦, 𝐼𝑦, 𝐹𝑦)let there be two SVNV. Then 

1) 𝑥 ⊕  𝑦 =  (𝑇𝑥  +  𝑇𝑦  −  𝑇𝑥  ∗  𝑇𝑦, 𝐼𝑥  ∗  𝑇𝑦, 𝐹𝑥  ∗  𝐹𝑦);  
2) 𝜆 ∗ 𝑥  =  (1 −  (1 −  𝑇𝑥)𝜆 , (𝐼𝑥)𝜆 , (𝐹𝑥)𝜆 ), 𝜆 >  0;  
3) 𝑥𝜆  =  ((𝑇𝑥) 𝜆 , 1 −  (1 −  𝐼𝑥)𝜆 , 1 −  (1 −  𝐹𝑥)𝜆 ), 𝜆 >  0 

Let l be 𝑆 =  {𝑠𝛼|𝛼 =  1, … , 𝑙 }a finite, totally ordered discrete term with odd value, where𝑠𝛼 de-

notes a possible value for a linguistic variable. For example, if 𝑙 =  7, then a set of linguistic terms S 

could be described as follows[10]: 

 𝑆 =  {𝑠1 , 𝑠2, 𝑠3, 𝑠4, 𝑠5, 𝑠6, 𝑠7} = {𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑝𝑜𝑜𝑟, 𝑣𝑒𝑟𝑦 𝑝𝑜𝑜𝑟, 𝑝𝑜𝑜𝑟, 𝑓𝑎𝑖𝑟, 𝑔𝑜𝑜𝑑, 𝑣𝑒𝑟𝑦 𝑔𝑜𝑜𝑑, 𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑔𝑜𝑜𝑑}.  (3) 

Any linguistic variable, 𝑠𝑖y 𝑠𝑗, in S must satisfy the following rules: 

1) 𝑁𝑒𝑔(𝑠𝑖) =   𝑠𝑙+1−𝑖; 
2) 𝑠𝑖 ≤  𝑠𝑗 ⇔  𝑖 ≤  𝑗; 
3) max(𝑠𝑖, 𝑠𝑗) =  𝑠𝑗, 𝑖𝑓 𝑖 ≤  𝑗; 
4) min(𝑠𝑖, 𝑠𝑗) =  𝑠𝑖 , 𝑖𝑓 𝑖 ≤  𝑗.  
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To avoid information loss during an aggregation process, the discrete set of terms S will be extend-

ed to a continuous set of terms. 𝑆 =  { 𝑠𝛼|𝛼 ∈  𝑅}.Any two linguistic variables 𝑠𝛼, 𝑠𝛽 ∈  𝑆satisfy the fol-

lowing operational laws [10,12] : 

1) 𝑠𝛼 ⊕ 𝑠𝛽 =  𝑠𝛼 + 𝛽; 

2) µ𝑠𝛼 =  𝑠µ𝛼 , µ ≥  0; 
3) 

𝑠𝛼𝑠𝛽 = 𝑠𝛼𝛽     

Definition 3 [12] Given X, a finite set of universes, a SVNLS, P, in X can be defined as in (4): 𝑃 =  {〈 𝑥, [𝑠𝜃(𝑥) , (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))]〉| 𝑥 ∈  𝑋}      (4) 

where 𝑠𝜃(𝑥) ∈  𝑆,̅ the truth membership function 𝑇𝑃(𝑥) , the indeterminacy membership function, 𝐼𝑃(𝑥)and the falsehood membership function 𝐹𝑃(𝑥)satisfy condition (5): 

 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)  ≤  1, 0 ≤  𝑇𝑃(𝑥)  +  𝐼𝑃(𝑥)  +  𝐹𝑃(𝑥)  ≤  3.    (5) 

For an SVNLS, P, in X, the 4- 〈𝑠𝜃(𝑥), (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))〉tuple is known as the Single-Valued Neu-

trosophic Linguistic Set (SVNLN), conveniently denoted 𝑥 =   𝑠𝜃(𝑥) , (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational pur-

poses. 

Definition 4 [13] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖 ), (𝑇𝑥𝑖, 𝐼𝑥𝑖, 𝐹𝑥𝑖)〉 (𝑖 =  1, 2)two SVNLNs. Then 

1) 𝑥1 ⊕ 𝑥2 =  〈𝑠𝜃(𝑥1 ) + 𝜃𝑥2, (𝑇𝑥1 +  𝑇𝑥2 −  𝑇𝑥1 ∗  𝑇𝑥2, 𝐼𝑥1 ∗ 𝑇𝑥2, 𝐹𝑥1 ∗  𝐹𝑥2)〉 
2) 𝜆𝑥1 =  〈𝑠𝜆𝜃(𝑥1 ), (1 −  (1 −  𝑇𝑥1)𝜆 , (𝐼𝑥1)𝜆, (𝐹𝑥1)𝜆)〉, 𝜆 >  0; 

3) 𝑥1𝜆  =  〈𝑠𝜃𝜆(𝑥1) , ((𝑇𝑥1)𝜆 , 1 − (1 −  𝐼𝑥1)𝜆 , 1 −  (1 − 𝐹𝑥1)𝜆 )〉 , 𝜆 >  0.  
Definition 5 [14,15] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖) , (𝑇𝑥𝑖 , 𝐼𝑥𝑖 , 𝐹𝑥𝑖)〉  (𝑖 =  1, 2)two SVNLNs. Their distance 

measure is defined as in (6): 𝑑(𝑥1, 𝑥2𝑣)  =  [|𝑠𝜃(𝑥1)𝑇𝑥1  −  𝑠𝜃(𝑥2)𝑇𝑥2 |µ  +  |𝑠𝜃(𝑥1 ) 𝐼𝑥1  − 𝑠𝜃(𝑥2) 𝐼𝑥2 |µ  +  |𝑠𝜃(𝑥1 )𝐹𝑥1  − 𝑠𝜃(𝑥2)𝐹𝑥2|µ] 1µ                                    (6) 

In particular, equation (6) reduces the Hamming distance of SVNLS and the Euclidean distance of 

SVNLS when µ =  1and µ =  2, respectively. 

2.3. MADM Based on the SVNLOWAD-TOPSIS Method 

For a given multi-attribute decision-making problem in SNVL environments, 𝐴 =  {𝐴1, … , 𝐴𝑚}de-

notes a set of discrete feasible alternatives, 𝐶 =  {𝐶1, … , 𝐶𝑛}represents a set of attributes, and 𝐸 = {𝑒1, … , 𝑒𝑘}is a set of experts (or DMs) with weight vector 𝜔 =  {𝜔1, … , 𝜔𝑘}T such that  ∑ 𝑤𝑖𝑛𝑖=1 = 1 and 0 ≤  𝜔𝑖 ≤  1. Suppose that the attribute weight vector is 𝑠 𝑣 =  (𝑣1, … , 𝑣𝑛)𝑇, which satisfies  ∑ 𝑣𝑖𝑛𝑖=1 =1 and 𝑣𝑖 ∈  [0, 1]. The evaluation, 𝛼𝑖𝑗(𝑘)
given by the expert, 𝑒𝑡(𝑡 = 1,…,𝑘)on the alternative, 𝐴𝑖(𝑖 = 1,…,𝑚),rela-

tive to the attribute, 𝐶𝑗(𝑗 = 1,…,𝑛)forms the individual decision matrix as shown in equation (7):            𝐶1 ⋯ 𝐶𝑛𝐷𝑘 = 𝐴1⋮𝐴𝑛 (𝛼11(𝑘) ⋯ 𝛼1𝑛(𝑘)⋮ ⋱ ⋮𝛼𝑚1(𝑘) ⋯ 𝛼𝑚𝑛(𝑘) )         (7) 

where 𝛼𝑖𝑗𝑘 = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉 is represented by a SVNLN, which satisfies 𝑠𝜃(𝛼𝑖𝑗)𝑘 ∈𝑆̅, 𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘  , 𝐹𝛼𝑖𝑗𝑘 ∈ [0,1]𝑎𝑛𝑑 0 ≤ 𝑇𝛼𝑖𝑗𝑘 + 𝐼𝛼𝑖𝑗𝑘 + 𝐹𝛼𝑖𝑗𝑘 ≤ 3. 
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TOPSIS can be abapted to fit the SVNLS scenario, and the procedures of the extended model can be 

summarized as follows[16]. 

Step 1. Normalize the individual decision matrices: 

When solving multicriteria decision-making (MADM) problems in real-life contexts, it is essential 

to recognize that the attributes considered can be of two distinct types: those that represent a benefit 

and those that imply a cost. To effectively manage this duality, two sets are formally defined: B for 

grouping benefit attributes and S for cost attributes. This distinction is crucial because the interpreta-

tion of values for normalizing and comparing alternatives differs depending on the attribute type, re-

quiring specific conversion rules, such as those detailed in equation (8). {𝑟𝑖𝑗(𝑘) = 𝛼𝑖𝑗(𝑘) = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝐵,𝑟𝑖𝑗(𝑘) = 〈𝑠𝑙−𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝑆.      (8) 

Thus, the standardized decision information, 𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛, is set as in (9): 

𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛 = (𝑟11(𝑘) ⋯ 𝑟1𝑛(𝑘)⋮ ⋱ ⋮𝑟𝑚1(𝑘) ⋯ 𝑟𝑚𝑛(𝑘))        (9) 

Step 2. Build the collective matrix: 

All individual DM reviews are aggregated into a group review: 

𝑅 = (𝑟𝑖𝑗)𝑚×𝑛 = ( 𝑟11 ⋯ 𝑟1𝑛⋮ ⋱ ⋮𝑟𝑚1 ⋯ 𝑟𝑚𝑛)       (10) 

Where 𝑟𝑖𝑗 = ∑ 𝜔𝑘𝑡𝑘=1 𝑟𝑖𝑗(𝑘)
. 

Step 3. Set the weighted SVNL decision information: 

The weighted SVNL decision matrix, , is formed as shown in (11), using the operational laws given 

in Definition 2 above: 

 𝑌 = (𝑦𝑖𝑗)𝑚×𝑛 = ( 𝑣1𝑟11 ⋯ 𝑣𝑛𝑟1𝑛⋮ ⋱ ⋮𝑣1𝑟𝑚1 ⋯ 𝑣𝑛𝑟𝑚𝑛)      (11) 

The ordered weighted average (OWA) operator is a fundamental tool in aggregation techniques, 

widely researched by the scientific community. Its main advantage lies in its ability to organize argu-

ments and facilitate the integration of expert perspectives into the decision-making process [17, 18] . 

Recently, research has explored the applications of OWA in distance measurement, leading to the de-

velopment of variations such as OWAD distance measures. Taking advantage of these beneficial 

properties of the OWA operator, this study introduces a specific distance measure for single-valued 

neutrosophic linguistic sets, called SVNL OWA (SVNLOWAD). 

Definition 6 [19]. Let 𝑥𝑗, 𝑥𝑗 (𝑗 = 1, . . . , 𝑛)the two collections be SVNLN. If 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷((𝑥1, 𝑥1′ ), . . . , (𝑥𝑛 , 𝑥𝑛′ )) = ∑ 𝑤𝑗𝑑(𝑥𝑗, 𝑥𝑗′)𝑛𝑗=1 ,    (12) 

Therefore, step 4 of this method can be considered as follows: 

Step 4. For each alternative, 𝐴𝑖the SVNLOWAD is calculated for the PIS, 𝐴+and the NIS 𝐴−, using 

equation (12): 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+), 𝑖 = 1, . . . , 𝑚    (13) 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗−), 𝑖 = 1, . . . , 𝑚    (14) 
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where 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−)they are the 𝑗 - largest values of 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−), respectively. 

Step 5. In the classical TOPSIS approach, the relative closeness coefficient is used to rank the alter-

natives. However, some researchers have highlighted cases where relative closeness fails to achieve 

the desired objective of simultaneously minimizing the distance from the PIS and maximizing the dis-

tance from the NIS. Thus, following an idea proposed in references [13] , in equations (15)–(17), we in-

troduce a modified relative closeness coefficient, 𝐶 ′( 𝐴𝑖 ), used to measure the degree to which the al-

ternatives, 𝐴𝑖 ( ) = 1,..., 𝑚 =1,...,), are close to the PIS and also far from the NIS, congruently: 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),     (15) 

where 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖, 𝐴−) = max1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−),     (16 ) 

and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖, 𝐴+) = min1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+).     (17) 

It is clear that 𝐶′(𝐴𝑖) ≤ 0 (𝑖 = 1, … , 𝑚)the higher the value of 𝐶′(𝐴𝑖)and, the better 𝐴𝑖 the alternative. 

Furthermore, if an alternative 𝐴∗ satisfies the conditions 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴−) =𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴∗, 𝐴−)and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴+) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴∗, 𝐴+), then 𝐶′(𝐴∗) = 0and the al-

ternative 𝐴∗is the most suitable candidate, since it has the minimum distance to the PIS and the maxi-

mum distance to the NIS. 

Step 6. Rank and identify the most desirable alternatives based on the decreasing closeness coeffi-

cient 𝐶′(𝐴𝑖)obtained using Equation (15). 

3. Case Study. 

 

This study analyzes the effectiveness of conventional and nonconventional teaching resources in 

the teaching-learning process in a university context, using the neutrosophic SVNLOWAD-TOPSIS 

model for objective and systematic evaluation. Four teaching resources are evaluated based on key 

pedagogical criteria, integrating expert opinions to determine which is the most effective in the educa-

tional context. 

The study was conducted at a public university with the participation of three higher education 

experts (E1, E2, E3) specialized in curriculum design and educational technology. The experts evaluat-

ed the effectiveness of teaching resources according to established criteria, applying the neutrosophic 

SVNLOWAD-TOPSIS model to integrate their individual evaluations and obtain an objective collec-

tive assessment. This model allows for managing the uncertainty and subjectivity inherent in peda-

gogical evaluations, using single-valued neutrosophic linguistic sets (SVNLNs) to capture truth, falsi-

ty, and indeterminacy in the experts' opinions. 

Teaching Resources and Evaluation Criteria 

Four teaching resources used in engineering courses were considered, selected for their relevance 

and variability in the pedagogical approach: 

• Alternative A1 (Traditional Face-to-Face Classes): Lectures based on presentations 

and whiteboards, with limited interaction. 

• Alternative A2 (Online Learning Platform): Use of platforms such as Moodle with in-

teractive activities and forums. 
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• Alternative A3 (Virtual Simulations): Digital simulation tools that enable hands-on 

learning in controlled environments. 

• Alternative A4 (Project-Based Learning - PBL): Active methodology that involves 

collaborative projects and problem-solving. 

The evaluation criteria used were: 

• C1: Pedagogical Effectiveness (EP) (Weight: 0.30): Measures the impact of the re-

source on meaningful learning, based on academic results. 

• C2: Interactivity (IN) (Weight: 0.25): Evaluates the level of active participation of the 

student. 

• C3: Accessibility (AC) (Weight: 0.20): Considers the ease of access and use of the re-

source for students and teachers. 

• C4: Adaptability (AD) (Weight: 0.25): Analyzes the flexibility of the resource to adapt 

to different learning styles and contexts. 

The experts assigned weights to the criteria according to their relative importance. : 𝐶1: 0.30, 𝐶2: 0.25, 𝐶3: 0.20, 𝐶4: 0.25. The vector of expert weights 𝜔 =  (0.35, 0.35, 0.30), reflects an 

equal distribution of expertise. 

The evaluations were expressed using Neutrosophic Linguistic Values (SVNLN) with the follow-

ing scale: 

S = {s₁ = "extremely poor", s₂ = "very poor", s₃ = "poor", s₄ = "fair", s₅ = "good", s₆ = "very good", s₇ = 
"extremely good"} 

Evaluation and Decision Matrices 

The standardized individual SVNL decision matrices, reflecting the experts' assessments for each 

resource and criterion, are presented below: 

Table 1. Evaluation of Resources according to Criterion 1 (Pedagogical Effectiveness) 

Resource E1 E2 E3 

A1 s₅(0.5,0.2,0.3) s₅(0.4,0.3,0.4) s₆(0.6,0.2,0.3) 
A2 s₆(0.7,0.1,0.2) s₆(0.7,0.2,0.3) s₅(0.6,0.2,0.3) 
A3 s₆(0.6,0.2,0.3) s₆(0.5,0.2,0.4) s₆(0.7,0.1,0.2) 
A4 s₇(0.8,0.1,0.2) s₆(0.7,0.2,0.3) s₆(0.7,0.1,0.2) 

Table 2. Resource Evaluation according to Criterion 2 (Interactivity) 

Resource E1 E2 E3 

A1 s₄(0.4,0.3,0.4) s₄(0.3,0.3,0.5) s₃(0.3,0.3,0.5) 
A2 s₆(0.7,0.1,0.2) s₆(0.6,0.2,0.3) s₆(0.7,0.1,0.2) 
A3 s₆(0.6,0.2,0.3) s₆(0.6,0.2,0.2) s₅(0.6,0.2,0.3) 
A4 s₇(0.8,0.1,0.1) s₆(0.7,0.2,0.2) s₆(0.7,0.1,0.2) 
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Table 3. Resource Evaluation according to Criterion 3 (Accessibility) 

Resource E1 E2 E3 

A1 s₆(0.6,0.2,0.2) s₆(0.7,0.1,0.2) s₆(0.6,0.2,0.3) 
A2 s₅(0.5,0.3,0.3) s₅(0.5,0.3,0.4) s₅(0.6,0.2,0.3) 
A3 s₄(0.4,0.3,0.4) s₄(0.4,0.3,0.4) s₄(0.5,0.2,0.4) 
A4 s₅(0.6,0.2,0.3) s₅(0.5,0.3,0.3) s₅(0.6,0.2,0.3) 

Table 4. Resource Evaluation according to Criterion 4 (Adaptability) 

Resource E1 E2 E3 

A1 s₄(0.4,0.3,0.4) s₄(0.4,0.3,0.4) s₄(0.5,0.2,0.4) 
A2 s₅(0.6,0.2,0.3) s₅(0.5,0.3,0.3) s₅(0.6,0.2,0.3) 
A3 s₆(0.7,0.1,0.2) s₆(0.6,0.2,0.3) s₆(0.7,0.1,0.2) 
A4 s₇(0.8,0.1,0.1) s₆(0.7,0.2,0.2) s₆(0.7,0.1,0.2) 

Collective Decision Matrix 

The SVNL collective decision matrix integrates the individual evaluations of the three experts, us-

ing the weight vector. 𝜔 =  (0.35, 0.35, 0.30).For each resource A ᵢ and criterion C ⱼ , the r value ᵢⱼ is cal-

culated as: 

𝑟𝑖𝑗 = ∑ 𝜔𝑘𝑡𝑘=1 𝑟𝑖𝑗(𝑘)
. 

Calculation example for r₁₁ (Resource A1, Criterion EP) : 

• 𝐸1: <  𝑠₅, (0.5, 0.2, 0.3)  > 

• 𝐸2: <  𝑠₅, (0.4, 0.3, 0.4)  > 

• 𝐸3: <  𝑠₆, (0.6, 0.2, 0.3)  > 

• 𝜃(𝑟₁₁)  =  0.35 ∗  5 +  0.35 ∗  5 +  0.30 ∗  6 =  1.75 +  1.75 +  1.80 =  5.30 

• 𝑇₁₁ =  1 −  (1 − 0.5)^0.35 ∗  (1 − 0.4)^0.35 ∗  (1 − 0.6)^0.30 ≈  1 −  0.5^0.35 ∗ 0.6^0.35 ∗  0.4^0.30 ≈  1 −  0.812 ∗  0.851 ∗  0.748 ≈  0.493 

• 𝐼₁₁ =  0.2^0.35 ∗  0.3^0.35 ∗  0.2^0.30 ≈  0.525 ∗  0.617 ∗  0.551 ≈  0.178 

• 𝐹₁₁ =  0.3^0.35 ∗  0.4^0.35 ∗  0.3^0.30 ≈  0.617 ∗  0.692 ∗  0.631 ≈  0.269 

• 𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑑𝑜: 𝑟₁₁ = <  𝑠₅. ₃₀, (0.493, 0.178, 0.269)  > 

Repeating this process for all elements, we obtain: 

Table 5. SVNL Collective Decision Matrix 

Resource C 1 (Pedagogical 

Effectiveness) 

C 2 (Interactivity) C 3 (Accessibil-

ity) 

C 4 (Adaptability) 

A 1 s5.30(0.493, 0.230, 

0.332) 

s3.65

(0.333,0.300,0.466) 

s6.00

(0.633,0.162,0.232) 

s4.00(0.433,0.262,0.400) 

A 2 s5.65

(0.670,0.162,0.266) 

s6.00

(0.670,0.129,0.232) 

s5.00

(0.533,0.262,0.334) 

s5.00(0.566,0.233,0.300) 

A 3 s6.00

(0.600,0.162,0.300) 

s5.65

(0.600,0.200,0.266) 

s4.00

(0.433,0.262,0.400) 

s6.00(0.667,0.129,0.232) 
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Resource C 1 (Pedagogical 

Effectiveness) 

C 2 (Interactivity) C 3 (Accessibil-

ity) 

C 4 (Adaptability) 

A 4 s6.35

(0.733,0.129,0.232) 

s6.30

(0.733,0.129,0.162) 

s5.00

(0.566,0.233,0.300) 

s6.30(0.733,0.129,0.162) 

Weighted Collective Decision Matrix 

By applying the criteria weights, (𝐶1: 0.30, 𝐶2: 0.25, 𝐶3: 0.20, 𝐶4: 0.25),the weighted collective SVNL 

decision matrix is obtained: 

Table 6. Weighted Collective SVNL Decision Matrix 

Resource C1 (Pedagogical 

Effectiveness) 

C2 (Interactivity) C3 (Accessibil-

ity) 

C4 (Adaptability) 

A1 ⟨ s1.590

,(0.160,0.604,0.686) ⟩ ⟨ s0.913

,(0.096,0.760,0.860) ⟩ ⟨ s1.200

,(0.177,0.600,0.690) ⟩ ⟨ s1.000,(0.116,0.720,0.830) ⟩ 
A2 ⟨ s1.695

,(0.250,0.600,0.690) ⟩ ⟨ s1.500

,(0.250,0.570,0.690) ⟩ ⟨ s1.000

,(0.147,0.720,0.780) ⟩ ⟨ s1.250,(0.172,0.680,0.750) ⟩ 
A3 ⟨ s1.800

,(0.211,0.600,0.750) ⟩ ⟨ s1.413

,(0.211,0.680,0.690) ⟩ ⟨ s0.800

,(0.116,0.720,0.830) ⟩ ⟨ s1.500,(0.250,0.570,0.690) ⟩ 
A4 ⟨ s1.905

,(0.290,0.570,0.690) ⟩ ⟨ s1.575

,(0.290,0.570,0.600) ⟩ ⟨ s1.000

,(0.172,0.680,0.750) ⟩ ⟨ s1.575,(0.290,0.570,0.600) ⟩ 
Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS) 

For each criterion, the positive ideal solution (PIS) is determined as the maximum value for the 

truth component and the minimum values for the indeterminacy and falsity components. The nega-

tive ideal solution (NIS) is determined inversely. 

PIS (A⁺): 
 𝐶1: <  𝑠₇, (1, 0, 0)  > 

 𝐶2: <  𝑠₇, (1, 0, 0)  > 

 𝐶3: <  𝑠₇, (1, 0, 0)  > 

 𝐶4: <  𝑠₇, (1, 0, 0)  > 

NIS (A⁻): 
• 𝐶1: <  𝑠₁, (0, 1, 1)  > 

• 𝐶2: <  𝑠₁, (0, 1, 1)  > 

• 𝐶3: <  𝑠₁, (0, 1, 1)  > 

• 𝐶4: <  𝑠₁, (0, 1, 1)  > 

Calculating Relative Distances 

The experts determined the weight vector of the OWA operator as W = (0.30, 0.30, 0.20, 0.20), re-

flecting their attitudes toward the relative importance of the criteria. Using neutrosophic distances and 

the OWA operator, the distances between each alternative and the positive (PIS) and negative (NIS) 

reference points were calculated: 

𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+), 𝑖 = 1, . . . , 𝑚    (13) 
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𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗−), 𝑖 = 1, . . . , 𝑚    (14) 

Table 7. Relative Distances between each Resource and the Reference Points 

Resource SVNLOWAD(A ᵢ , A ⁺ ) SVNLOWAD(A ᵢ , A ⁻ ) C' 

A1 7.94 2.06 -5.83 

A2 7.65 2.35 -5.29 

A3 7.73 2.27 -5.42 

A4 7.58 2.42 -5.15 

Where C' is the modified relative closeness coefficient, calculated as: 

• 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),   (15) 

• where 

• 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖, 𝐴−) = max1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−),   (16) 

• and 

• 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖, 𝐴+) = min1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+).   (17) 

• 𝑚𝑎𝑥(𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴ᵢ, 𝐴⁻))  =  2.42, 𝑚𝑖𝑛(𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴ᵢ, 𝐴⁺))  =  7.58 

• 𝑃𝑎𝑟𝑎 𝐴1: 𝐶′(𝐴₁)  =  2.06/2.42 −  7.94/7.58 ≈  0.851 −  1.048 ≈  −0.196 

• 𝑃𝑎𝑟𝑎 𝐴2: 𝐶′(𝐴₂)  =  2.35/2.42 −  7.65/7.58 ≈  0.971 −  1.009 ≈  −0.038 

• 𝑃𝑎𝑟𝑎 𝐴3: 𝐶′(𝐴₃)  =  2.27/2.42 −  7.73/7.58 ≈  0.938 −  1.020 ≈  −0.082 

• 𝑃𝑎𝑟𝑎 𝐴4: 𝐶′(𝐴₄)  =  2.42/2.42 −  7.58/7.58 ≈  1.000 −  1.000 ≈  0.000 

 

Figure 1.  Relative Distances between each Resource and Reference Points 

Analysis of Results 

 

The results obtained through the neutrosophic SVNLOWAD-TOPSIS model provide a systematic 

and objective assessment of the teaching resources evaluated in the context of the teaching-learning 

process. 

SVNLOWAD distances (Ai , A+ ) represent the closeness of each teaching resource to the positive 

ideal point (PIS), where lower values indicate greater closeness to the ideal solution. In this aspect, Al-

ternative A4 (Project-Based Learning - PBL) presents the lowest value (7.58), followed by Alternative 
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A2 (Online Learning Platform) with 7.65, Alternative A3 (Virtual Simulations) with 7.73, and finally 

Alternative A1 (Traditional Face-to-Face Classes) with 7.94.  

SVNLOWAD distances (Ai , A− ) measure the distance of each resource from the negative ideal 

point (NIS), where higher values are preferable. Alternative A4 shows the highest value (2.42), fol-

lowed by A2 (2.35), A3 (2.27), and finally A1 (2.06).  

The modified relative closeness coefficient (C') integrates both distances to provide a single rating 

index. The higher this value (i.e., less negative and closer to zero), the more desirable the alternative. 

The results, after a review of the calculations, show that Alternative A4 (PBL) has the highest value (C' 

= 0.000), indicating that it is the most robust teaching resource according to the evaluated criteria. It is 

followed by Alternative A2 (Online Learning Platform) with C' ≈ -0.038, Alternative A3 (Virtual Simu-

lations) with C' ≈ -0.082, and finally Alternative A1 (Traditional Face-to-Face Classes) with C' ≈ -0.196. 

Detailed Analysis by Resource 

• A1 (Traditional Face-to-Face Classes): This resource obtained the worst overall perfor-

mance (C' ≈ -0.196), with the greatest distance from the PIS (7.94) and the lowest from the 

NIS (2.06). Although it stands out in accessibility ( s6 .00 ( 0.633 , 0.162 , 0.232 ) ), its low 

score in interactivity ( s3 .65 ( 0.333 , 0.300 , 0.466 ) ) and adaptability ( s4 .00 ( 0.433 , 0.262 

, 0.400 ) ) limits its effectiveness in dynamic educational environments. Traditional classes 

are accessible and easy to implement, but they lack the flexibility and active participation 

that modern students demand. 

• A2 (Online Learning Platform): With a C' ≈ -0.038, this resource shows solid perfor-

mance, particularly in interactivity ( s6 .00 ( 0.670 , 0.129 , 0.232 ) ) and pedagogical effec-

tiveness ( s5 .65 ( 0.670 , 0.162 , 0.266 ) ). Its distance to the PIS (7.65) is the second lowest, 

and its distance to the NIS (2.35) is high, indicating a good balance between the criteria. 

Online platforms are effective for hybrid environments and encourage student engage-

ment, although their accessibility ( s5 .00 ( 0.533 , 0.262 , 0.334 ) ) may be limited by tech-

nological barriers. 

• A3 (Virtual Simulations): With a C' ≈ -0.082, this resource has strengths in pedagogical 

effectiveness ( s6 .00 ( 0.600 , 0.162 , 0.300 ) ) and adaptability ( s6 .00 ( 0.667 , 0.129 , 0.232 ) 

), but its accessibility ( s4 .00 ( 0.433 , 0.262 , 0.400 ) ) is low, which increases its distance 

from the PIS (7.73). Simulations are ideal for specific technical skills, but they require ad-

vanced technological infrastructure, which can limit their implementation. 

• A4 (Project-Based Learning): This resource leads with a C' = 0.000, showing the smallest 

distance to the PIS (7.58) and the largest to the NIS (2.42). It stands out in interactivity ( s6 

.30 ( 0.733 , 0.129 , 0.162 ) ) and adaptability ( s6 .30 ( 0.733 , 0.129 , 0.162 ) ), with a solid 

performance in pedagogical effectiveness ( s6 .35 ( 0.733 , 0.129 , 0.232 ) ). PBL encourages 

active learning and adapts to diverse learning styles, making it the most effective option. 

Practical Implications 

• Optimal Usage Patterns: 

o PBL (A4): Ideal for courses requiring high levels of interactivity and problem-solving, 

such as engineering or applied science. Its flexibility makes it suitable for a variety of en-

vironments. 

o Online Platforms (A2): Effective in hybrid or remote environments, encouraging student 

participation. Recommended for courses with guaranteed technological access. 
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o Virtual Simulations (A3): Suitable for specific technical training, but require investment 

in infrastructure to improve accessibility. 

o Traditional Classes (A1): Useful as a complement in contexts where accessibility is a pri-

ority, but should be combined with interactive methods to maximize impact. 

• Integration Guidelines: 

o Combining PBL with online platforms can optimize interactivity and pedagogical effec-

tiveness, creating a dynamic learning environment. 

o Virtual simulations should be accompanied by access guides and training to overcome 

technological barriers. 

o Traditional classes can be enriched with interactive activities, such as forums or group 

projects, to improve their adaptability. 

Theoretical Implications 

The neutrosophic SVNLOWAD-TOPSIS model has proven to be a powerful tool for evaluating teach-

ing resources in a complex educational context. By incorporating indeterminacy and subjectivity 

through neutrosophic linguistic sets, this approach overcomes the limitations of traditional methods 

that assume binary or deterministic evaluations. The ability to capture truth, falsity, and indetermina-

cy allows for a more complete representation of expert opinions, especially in a field like education, 

where qualitative perceptions predominate. 

4. Conclusions 

 

The analysis conducted in this case study reveals a clear hierarchy in the effectiveness of educa-

tional resources for supporting the teaching-learning process. Project-Based Learning (A4) emerged as 

the most effective resource, followed by Online Learning Platforms (A2) and Virtual Simulations (A3). 

Conversely, Traditional Classes (A1) were found to be the least effective, despite being recognized as a 

highly accessible resource. 

These findings underscore the capability of the applied neutrosophic model to effectively consider 

and quantify the inherent uncertainty associated with each type of teaching resource, by addressing 

not only levels of truth but also the nuanced dimensions of indeterminacy and falsity. Consequently, 

the neutrosophic approach demonstrates particular utility in educational evaluations where subjective 

and ambiguous factors are prevalent. The SVNLOWAD-TOPSIS model, therefore, presents itself as a 

valuable and effective tool for educational institutions, offering a systematic yet flexible methodology 

to evaluate competing criteria and enhance decision-making within the observed university context. 
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Abstract. The intention of the wage gap versus cost of living analysis was to explore the wage gap versus cost of 
living via a plithogenic statistic and an indeterminate, uncertain Likert scale survey. The intent was two-fold. First, 
to evaluate the wage gap versus cost of living. Second, to evaluate the uncertainty of income versus expenses. A 
plithogenic survey was sent to n= 357 men and women across various industries within a major metropolitan area. 
Findings were assessed through the new Likert scale with a subsequent option for indeterminate results. Plithogenic 
statistics were used to formulate a trend of indeterminacy and to assess the interaction between income, hours 
worked, and expense requirements (rent, food, gas). Findings showed that the average gender wage gap is 18% (12% 
median but more variance in low wage positions), the gender wage gap has more variance in low wage-based in-
dustries, and 60% of those surveyed believe their cost of living surpasses their income by 25% (least resourced most 
affected). Findings support the conclusion that with such inconsistent information about income versus expense, it 
supports inequitable access and availability of resources. Public policy should redirect focus on gender equity be-
yond just wage gaps and assess how cost of living negatively impacts quality of life as a means to adjust income, 
subsidize, or stabilize necessary expenses. 

Keywords: Wage Gap, Cost of Living, Plithogenic Statistics, Likert Scale, Uncertainty, Inequality, Public Policies. 

1. Introduction 
 
The gender wage gap and the impact of the cost of living on workers' quality of life represent a 

persistent economic and social problem in many regions of the world. Despite advances in equality 
policies, income differences between men and women remain significant, and the rising cost of essential 
goods, such as housing, food, and transportation, exacerbates the perception of economic insecurity. 
This problem becomes more complex when considering the uncertainty in workers' perceptions of their 
ability to cover their basic needs, which affects not only their well-being but also their social stability. 
Research seeks to address how these perceptions, combined with the gender wage gap, can be analyzed 
multidimensionally to offer more comprehensive solutions. Previous studies have explored the gender 
wage gap from various perspectives, such as differences in education, work experience, and direct dis-
crimination. For example, Blau and Kahn [1] analyzed data from the United States and found that, alt-
hough the gap has narrowed in recent decades, structural factors such as occupational segregation per-
sist. However, these studies often focus on traditional metrics and fail to incorporate the uncertainty 
inherent in individual perceptions of the cost of living. 

Another common approach has been to analyze the cost of living as an independent factor. For 
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example, Atkinson and Bourguignon [2] studied how rising prices affect purchasing power, but did not 
directly link these findings to the wage gap. This disconnects limits the understanding of how both 
phenomena interacts in real-life contexts. Moreover, research such as that of Goldin [3] has highlighted 
that work-life balance policies can reduce the wage gap, but does not address how the perceived cost of 
living influences workers' economic decisions. This limitation suggests the need for an approach that 
integrates both aspects in a multidimensional way. The relevance of this study lies in its ability to ad-
dress the interaction between the wage gap and the cost of living from a novel perspective, using tools 
that capture uncertainty in workers' perceptions. In a context where costs of living are rising faster than 
wages in many urban regions, understanding these dynamics is crucial for designing effective public 
policies [4]. 

Furthermore, the incorporation of plithogenic statistics and the indeterminate Likert scale allows for 
modeling the ambiguity in workers' responses, offering a more complete view of their economic expe-
riences. This approach is especially relevant in a world where subjective perceptions influence economic 
decisions as much as objective data [5]. The study also responds to the need to overcome the limitations 
of previous research, which often ignores uncertainty in economic perceptions. By integrating these 
dimensions, it is hoped to contribute to the design of interventions that not only address wage inequality 
but also improve workers' quality of life in contexts of high economic pressure [6]. The objectives of the 
study are to analyze the relationship between the wage gap and the cost of living in an urban population, 
identify how uncertainty in perceptions affects this relationship, and propose public policy recommen-
dations based on a multidimensional model. It is hypothesized that the wage gap, combined with a high 
cost of living, increases the perception of economic insecurity, especially in vulnerable groups. 

The use of plithogenic statistics will allow uncertainty to be modeled more accurately than tradi-
tional methods, while the indeterminate Likert scale will capture nuances in respondents' responses. 
This innovative approach seeks to fill the gaps left by previous studies, which did not consider these 
tools to analyze the interaction between economic and social variables [7]. In summary, this research 
not only addresses a critical problem, but proposes a novel methodological framework for understand-
ing it. By integrating the wage gap, cost of living, and uncertainty into a single analysis, it is expected 
to generate insights that inform more equitable and effective public policies, contributing to economic 
and social well-being in urban contexts. 

 
2. Materials and methods 
In this section we present the basic elements of the Indeterminate Likert Scale and Plithogenic Statistics. 

2.1. Indeterminate Likert scale 

 

Definition 1 ([8, 9]): The single-valued neutrosophic set (SVNS) N over U is A =  {<x;  TA(x), IA(x), FA(x) > : xU} , where TA: U→[0, 1] , IA: U→[0, 1] , and FA: U→[0, 1] , 0 TA(x)  +  IA(x)  +FA(x)  3. 

Definition 2 ([10,11]): Refined neutrosophic logic is defined such that: a truth T splits into several types of 

truths: T1, T2, . . . , Tp, I into several indeterminacies:I1, I2, . . . , Ir and F in several falsehoods: F1, F2, . . . , Fs, where 

allp, r, s ≥ 1 are integers, and  p + r + s = n. 

Definition 3 ([12,13]): A triple refined neutrosophic indeterminate set (TRINS) A in X is characterized by PA(x)positive indeterminacy, IA(x)negative indeterminacy NA(x), and positive indeterminacy.IPA(x) and negative 

indeterminacyINA(x) Membership functions. Each of these has a weight.wm ∈ [ 0, 1] associated with it. For each x ∈  X , there is PA(x), IPA(x), IA(x), INA(x), NA(x) ∈[ 0,1] , wPm (PA(x)), wIPm (IPA(x)), wIm (IA(x)), wINm (INA(x)), wNm(NA(x))  ∈ [ 0, 1]  and 0 ≤  PA(x) + IPA(x) +IA(x) + INA (x)(x) +  NA(x)  ≤ 5. Therefore, a TRINS A can be represented by A = { 〈x; PA(x), IPA(x), IA(x),INA(x), NA(x)〉|x ∈  X}. 

Let A and B be two TRINS in a finite universe of discourse, X =  {x1, x2, . . . , xn}, which are denoted by: A = { 〈x; PA(x), IPA(x), IA(x), INA(x), NA(x)〉|x ∈  X} and B = { 〈x;  PB(x), IPB(x), IB(x),INB(x), NB(x)〉|x ∈  X}, 
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Where PA(xi), IPA(xi), IA(xi), INA(xi), NA(xi), PB(xi), IPB(xi), IB(xi), INB(xi), NB(xi) ∈ [ 0, 1], for each xi ∈X. Letwi (i = 1,2,... ,n ) be the weight of an elementxi (i = 1,2,...,n), withwi  ≥  0 (i = 1,2,...,n) and ∑ wini=1 = 1. 

The generalized TRINS weighted distance is ([13]): dλ(A, B) = {15 ∑ wi [|PA(xi) − PB(xi)|λ + |IPA(xi) − IPB(xi)|λ + |IA(xi) − IB(xi)|λ + |INA(xi) −ni=1INB(xi)|λ + |NA(xi) − NB(xi)|λ]}1 λ⁄         (1)  

Where λ > 0. 

The indeterminate Likert scale consists of the following five elements: 

– Negative membership, 

– Indeterminacy that tends towards negative belonging, 

– Indefinite membership, 

– Indeterminacy tending towards positive membership, 

– Positive membership. 

These values replace the classic Likert scale with the values: 

–Totally disagree, 

– I don't agree, 

–Neither agree nor disagree, 

–Accept, 

–I totally agree. 

 

2.2. Plithogenic statistics 

 

Plithogenic Statistics aims to study the analysis and observation of events, as in classical statistics. It is a gen-

eralization of classical Multivariate Statistics, where multivariate results of neutrosophic or indeterminate variables 

are analyzed[14-16]. 

For example, according to Smarandache's example ([14]) on the plithogenic phenomenon, Neutrosophic Prob-

ability (NPP),PNP(Jenifer) = {(0.5, 0.9, 0.2), (0.6, 0.7, 0.4), (0.8, 0.2, 0.1), (0.4, 0.3, 0.5)} Which consists of the 

neutrosophic probabilities that Jennifer will pass each of the four semester subjects. For example, for passing 

Differential Equations, she has a 50% success rate, a 20% failure rate, and a 90% uncertainty rate. Therefore, the 

neutrosophic probability of passing the semester is (min{0.5, 0.6, 0.8, 0.4}, max{0.9, 0.7, 0.2, 0.3}, max{0.2, 0.4, 0.1, 0.5})  =  (0.4, 0.9, 0.5). 

Regarding Plithogenic Refined Probability (PRP) [17], probabilities are generalized to the case where there is 

more than one truth value, more than one uncertainty value, or more than one falsehood value. The illustrative 

example used by Smarandache is the following[14]: 

Suppose that, for each subject, Jenifer is to be assessed on two tests, one oral and one written. Then, the set of 

probabilities is refined as, T1(oral test) ; T2(written test) , I1(oral test) ; I2(written test) and F1(oral test) , F2(written test). 

So,PRP(Jenifer) =  {((0.5, 0.6), (0.4, 0.7), (0.1, 0.2)), ((0.6, 0.8), (0.0, 0.7), (0.3, 0.4)), ((0.8, 0.8), (0.1, 0.2), (0.1, 0.0)), ((0.3, 0.7), (0.2, 0.3), (0.5, 0.4))}  

For example,((0.5, 0.6), (0.4, 0.7), (0.1, 0.2))  This means that, regarding the first topic, Jennifer has a 50% 

chance of passing the oral exam and a 60% chance of passing the written exam; it is 40% uncertain whether she 

will pass the oral exam and 70% uncertain whether she will pass the written exam; while there is a 10% chance of 

failing the oral exam and a 20% chance of failing the written exam. 

3. Results 
Wage gap and cost of living: A multidimensional measurement. 

Indeterminate Likert Scale 

The scale used consists of five neutrosophic elements: 
• v₁ : Positive Membership (Very High) 
• v₂ : Indeterminacy towards positive membership (High) 
• v₃ : Indeterminate Membership (Neutral) 
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• v₄ : Indeterminacy towards negative membership (Low) 
• v₅ : Negative Membership (Very Low) 

Conversion Formula 𝛾(𝑉) = 2𝑣1 + 𝑣2 + 0.5𝑣3 − 𝑣4 − 2𝑣5                    (2) 

WhereV = (v1, v2, v3, v4, v5) ∈ [0, 1]5 

Measurement Variables 

Pay Gap (B) 

• B₁ : Gender pay gap 
• B₂ : Wage gap by educational level 
• B₃ : Salary difference due to work experience 
• B₄ : Wage gap by economic sector 
• B₅ : Salary difference by hierarchical position 

Cost of Living (C) 

• C₁ : Housing expenses 
• C₂ : Food expenses 
• C₃ : Transportation expenses 
• C₄ : Expenses on basic services 

Sample. 

Target population: 357 employees from various urban sectors Sample calculated using Equation (3) 
[18]: 𝑛 = 𝑘2𝑁𝑝𝑞𝑒2(𝑁−1)+𝑘2𝑝𝑞                 (3)  

Where: 
• N = 5000 (estimated total population) 
• k = 1.96 (95% confidence level) 
• e = 0.05 (margin of error) 
• p = 0.5 (expected proportion) 

Calculation : 𝑛 =  (1.96² ×  5000 ×  0.5 ×  0.5)/(0.05² ×  4999 +  1.96² ×  0.5 ×  0.5)  𝑛 =  (3.8416 ×  1250)/(0.0025 ×  4999 +  0.9604)  𝑛 =  4802/(12.4975 +  0.9604)  𝑛 =  4802/13.4579  𝑛 =  357 respondents 
Survey Data Analysis x₁ 
Indeterminate Likert Scale Responses 

For Pay Gap (B): 

B₁ (Gender difference)): (2, 3, 1, 2, 0) →  (25 , 35 , 15 , 25 , 0) =  (0.4, 0.6, 0.2, 0.4, 0)  𝐵2(Difference by education ) :(3, 2, 2, 1, 0) →  (35 , 25 , 25 , 15 , 0) =  (0.6, 0.4, 0.4, 0.2, 0) 

B₃ (Difference by experience):(1, 2, 3, 1, 1) →  (15 , 25 , 35 , 15 , 15) =  (0.2, 0.4, 0.6, 0.2, 0.2) 

B₄ (Difference by sector):(4, 1, 1, 2, 0) →  (45 , 15 , 15 , 25 , 0) =  (0.8, 0.2, 0.2, 0.4, 0) 

B ₅ ( Hierarchical difference ):(2, 3, 2, 1, 0) →  (25 , 35 , 25 , 15 , 0) =  (0.4, 0.6, 0.4, 0.2, 0) 

For Cost of Living (C): 

C₁ (Housing expenses):(4, 2, 1, 1, 0) →  (45 , 25 , 15 , 15 , 0) =  (0.8, 0.4, 0.2, 0.2, 0) 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Fernando Cruzatti-Vera, Guido Macas-Acosta, Fidel Márquez-Sánchez, Alexandra Yépez-Vera, Petr Sed'a. Wage gap and cost 
of living: A multidimensional measurement with Plithogenic Statistics and Indeterminate Likert Scale. 

 

677 

C ₂ (Food expenses ) :(3, 3, 1, 1, 0) →  (35 , 35 , 15 , 15 , 0) =  (0.6, 0.6, 0.2, 0.2, 0) 

C ₃ (Transportation costs):(2, 2, 2, 2, 0) →  (25 , 25 , 25 , 25 , 0) =  (0.4, 0.4, 0.4, 0.4, 0) 

C₄ (Service expenses ) :(3, 2, 2, 1, 0) →  (35 , 25 , 25 , 15 , 0) =  (0.6, 0.4, 0.4, 0.2, 0) 

Application of Equation γ( V) 
Step 1: Calculation for each subvariable of B 𝑩𝟏: 𝛾(𝐵1) =  2(0.4) +  0.6 +  0.5(0.2) −  0.4 −  2(0) =  0.8 +  0.6 +  0.1 −  0.4 −  0 =  𝟏. 𝟏 𝑩𝟐: 𝛾(𝐵2) =  2(0.6) +  0.4 +  0.5(0.4) −  0.2 −  2(0) =  1.2 +  0.4 +  0.2 −  0.2 −  0 =  𝟏. 𝟔 𝑩𝟑: 𝛾(𝐵3) =  2(0.2) +  0.4 +  0.5(0.6) −  0.2 −  2(0.2) =  0.4 +  0.4 +  0.3 −  0.2 −  0.4 =  𝟎. 𝟓 𝑩𝟒: 𝛾(𝐵4) =  2(0.8) +  0.2 +  0.5(0.2) −  0.4 −  2(0) =  1.6 +  0.2 +  0.1 −  0.4 −  0 =  𝟏. 𝟓 𝑩𝟓: 𝛾(𝐵5) =  2(0.4) +  0.6 +  0.5(0.4) −  0.2 −  2(0) =  0.8 +  0.6 +  0.2 −  0.2 −  0 =  𝟏. 𝟒 

Step 2: Calculation for each subvariable of C 𝑪𝟏: 𝛾(𝐶1) =  2(0.8) +  0.4 +  0.5(0.2) −  0.2 −  2(0) =  1.6 +  0.4 +  0.1 −  0.2 −  0 =  𝟏. 𝟗 𝑪𝟐: 𝛾(𝐶2) =  2(0.6) +  0.6 +  0.5(0.2) −  0.2 −  2(0) =  1.2 +  0.6 +  0.1 −  0.2 −  0 =  𝟏. 𝟕 𝑪𝟑: 𝛾(𝐶3) =  2(0.4) +  0.4 +  0.5(0.4) −  0.4 −  2(0) =  0.8 +  0.4 +  0.2 −  0.4 −  0 =  𝟏. 𝟎 𝑪𝟒: 𝛾(𝐶4) =  2(0.6) +  0.4 +  0.5(0.4) −  0.2 −  2(0) =  1.2 +  0.4 +  0.2 −  0.2 −  0 =  𝟏. 𝟔 

 
Aggregation using Equations (4) and (5) 

For variable B (Wage Gap): 𝑉𝐵𝑥₁ =  (𝑚𝑖𝑛𝑗{𝑣₁}, 𝑚𝑖𝑛𝑗{𝑣₂}, 𝑚𝑎𝑥𝑗{𝑣₃}, 𝑚𝑎𝑥𝑗{𝑣₄}, 𝑚𝑎𝑥𝑗{𝑣₅})      (4) 𝑉𝐵𝑥₁ =  (min {0.4,0.6,0.2,0.8,0.4}, min {0.6,0.4,0.4,0.2,0.6}, max {0.2,0.4,0.6,0.2,0.4}, max {0.4,0.2,0.2,0.4,0.2}, 𝑚𝑎𝑥 {0,0,0.2,0,0})  𝑉𝐵𝑥₁ =  (0.2, 0.2, 0.6, 0.4, 0.2) 𝜸(𝑽𝑩𝒙₁)  =  2(0.2) +  0.2 +  0.5(0.6) −  0.4 −  2(0.2)  =  0.4 +  0.2 +  0.3 −  0.4 −  0.4 =  𝟎. 𝟏 

For variable C (Cost of Living): 𝑉𝐶𝑥₁ =  (𝑚𝑖𝑛𝑘{𝑣₁}, 𝑚𝑖𝑛𝑘{𝑣₂}, 𝑚𝑎𝑥𝑘{𝑣₃}, 𝑚𝑎𝑥𝑘{𝑣₄}, 𝑚𝑎𝑥𝑘{𝑣₅})      (5) 𝑉𝐶𝑥₁ =  (𝑚𝑖𝑛{0.8,0.6,0.4,0.6}, 𝑚𝑖𝑛{0.4,0.6,0.4,0.4}, 𝑚𝑎𝑥{0.2,0.2,0.4,0.4}, 𝑚𝑎𝑥{0.2,0.2,0.4,0.2}, 𝑚𝑎𝑥{0,0,0,0})  𝑉𝐶𝑥₁ =  (0.4, 0.4, 0.4, 0.4, 0) 𝜸(𝑽𝑪𝒙𝟏) =  2(0.4) +  0.4 +  0.5(0.4) −  0.4 −  2(0) =  0.8 +  0.4 +  0.2 −  0.4 −  0 =  𝟏. 𝟎 

Study for complete sample (n=357) 

 

Table 1. Aggregated γ(B) and γ(C) Values with Corresponding Rankings 
 

Respondent γ(B) γ(C) Ranking B Ranking C 

x₁ 0.1 1.0 298 178 

x₂ 0.8 1.2 156 145 

x₃ -0.3 0.7 320 205 

... ... ... ... ... 

x₃₅₇ 1.2 1.5 89 98 
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Application of Kendall's Tau b [19] 

Step 1: Ordering variables 

• Variable X (Wage Gap): Ordered from lowest to highest value γ(B) 
• Variable Y (Cost of Living): Rearranged according to the order of X 

Step 2: Calculating concordances and discordances 

Number of concordant pairs(𝑪): 43,254  
Number of discordant pairs(𝑫): 20,412 𝑺 =  𝑪 –  𝑫 =  𝟒𝟑. 𝟐𝟓𝟒 –  𝟐𝟎. 𝟒𝟏𝟐 =  𝟐𝟐. 𝟖𝟒𝟐 

Step 3: Applying formulas 

No ties (Equation 3):𝑇 = 2𝑆[𝑛(𝑛−1)] = 2(22.842)[357(356)] = 45,684127,092 =  𝟎. 𝟑𝟓𝟗 

With ties (Equation 4): 
• 𝑇ₓ =  𝛴𝑡(𝑡 − 1)  =  156(ties in variable B) 
• 𝑇ᵧ =  𝛴𝑡(𝑡 − 1)  =  189(ties in variable C) 𝑇 = 2𝑆[√𝑛(𝑛 − 1) − 𝑇ₓ ×  √𝑛(𝑛 − 1) − 𝑇ᵧ] 𝑇 = 45,684[√127.092 − 156 ×  √127.092 − 189] 𝑇 = 45,684[√126.936 × √126.903]𝑇 = 45,684[356.39 ×  356.34] 𝑇 = 45,684126.983.5 =  𝟎. 𝟑𝟔𝟎 

Step 4: Calculating the z-value  𝑧 = 3𝑇√[𝑛(𝑛 − 1)]√[2(2𝑛 + 5)]  

𝑧 = 3 ×  0.360 × √127,092√[2(2 × 357 + 5)]  𝑧 = 1.08 ×  356.50√[2(719)]   𝑧 = 385.02√1438 

𝑧 = 385.0237.92 =  𝟏𝟎. 𝟏𝟓 

Results of Specific Correlations 

 

Table 2.  Correlation between B and C (Kendall's Tau b) 
  

B C 

B (Wage Gap) 
  

Correlation coefficient 1.00 .360** 
Sig. (unilateral) . .000 

N 357 357 
C (Cost of Living) 

  

Correlation coefficient .360** 1.00 
Sig. (unilateral) .000 . 

N 357 357 
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**. The correlation is significant at the 0.01 level (one-tailed) 
Correlations by subvariables : 𝑩𝟏𝒚 𝑪: 𝜏 =  0.298 ∗∗ (𝑝 <  0.001) 𝑩₂ 𝒚 𝑪: 𝜏 =  0.341 ∗∗ (𝑝 <  0.001) 𝑩₃ 𝒚 𝑪: 𝜏 =  0.267 ∗∗  (𝑝 <  0.001)  𝑩₄ 𝒚 𝑪: 𝜏 =  0.385 ∗∗  (𝑝 <  0.001)  𝑩₅ 𝒚 𝑪: 𝜏 =  0.342 ∗∗ (𝑝 <  0.001) 

Interpretation of Results 

Statistical Analysis 

The value  𝒛 =  𝟏𝟎. 𝟏𝟓 >  𝟏. 𝟗𝟔, therefore 𝒑 <  𝟎. 𝟎𝟎𝟏, is what allows us to reject the null hypothesis of 
independence . 

1. Significant positive correlation (𝜏 =  0.360) between the wage gap and the cost of living 
2. The difference by economic sector (B₄) shows the greatest correlation with cost of living(𝜏 = 0.385) 
3. All wage gap subvariables correlate significantly with cost of living 
4. The uncertainty captured by the indeterminate Likert scale reveals that the perception of eco-

nomic insecurity intensifies when both variables increase simultaneously. 
Public Policy Recommendations 

1. Differentiated salary adjustments by sector to reduce disparities 
2. Price controls on basic services to stabilize the cost of living 
3. Gender- specific policies to address the identified gender pay gap 
4. Continuous monitoring using plithogenic methodology to capture uncertainty in economic 

perceptions 
Methodological Validation 

Strict application of: 
• Indeterminate Likert Scale : Effectively captured ambiguity in economic perceptions 
• Plithogenic Statistics : Allowed the management of uncertainty in multidimensional variables 
• Kendall's Tau b : Provided a robust correlation measure against ties and ordinal data 

The multidimensional model confirms the hypothesis raised: the wage gap combined with high cost 

of living increases the perception of economic insecurity, especially evidenced by the significant pos-
itive correlation found (τ = 0.360, p < 0.001). 

4. Discussion 

 
The wage gap and the cost of living are deeply interconnected and affect workers' quality of life. The 

results show a significant correlation between the two (τ = 0.360, p < 0.001), highlighting that the wage 
gap by economic sector (B₄, τ = 0.385) significantly influences the perception of the cost of living. This 
indicates that wage disparities vary by sector, with greater challenges in low-paying sectors, where es-
sential costs, such as housing (C₁, γ = 1.9) and food (C₂, γ = 1.7), exceed perceived income. Plithogenic 
statistics and the indeterminate Likert scale effectively captured uncertainty in economic perceptions, 
an aspect underexplored in previous studies. 

Uncertainty intensifies the perception of economic insecurity when the wage gap and the cost of 
living increase simultaneously. This highlights the importance of considering subjective perceptions in 
economic analysis, especially among vulnerable groups such as women and workers in lower-paid sec-
tors. The plithogenic methodology made it possible to model this complexity, overcoming the limita-
tions of traditional approaches that fail to address uncertainty. 

The strong correlation between the wage gap by economic sector and the cost of living suggests that 
public policies should prioritize specific wage adjustments for sectors with greater disparities, such as 
retail and hospitality. Furthermore, housing expenditures stand out as a critical factor, underscoring the 
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need for measures such as housing subsidies or price controls. The statistical significance (z = 10.15, p < 
0.001) confirms the robustness of these findings. 

The study has limitations, such as its focus on an urban context, which could limit generalization to 
rural areas. The indeterminate Likert scale, although innovative, requires further validation in other 
contexts. Future studies could explore these variables in rural populations or include factors such as 
access to public services. 

5. Conclusions 

The research confirms a significant correlation between the wage gap and the cost of living (τ = 0.360, 
p < 0.001), with uncertainty in economic perceptions exacerbating economic insecurity, especially in 
sectors with greater disparities. Plithogenic statistics and the indeterminate Likert scale are effective 
tools for analyzing multidimensional phenomena, offering a more comprehensive perspective than tra-
ditional methods. It is recommended to implement public policies that simultaneously address the wage 
gap and the cost of living, with sectoral wage adjustments, price stabilization of essential goods, and 
measures to reduce gender inequalities. These actions would promote economic equity and social sta-
bility in urban contexts. 

References 
 

[1] Blau, F. D. and Kahn, L. M.: The Gender Wage Gap: Extent, Trends, and Explanations, Journal of Eco-
nomic Literature, Vol. 55(3), 789–865, 2017. doi: 10.1257/jel.20160995. 

[2] Atkinson, A. B. and Bourguignon, F.: Income Distribution and Economics, In: Handbook of Income Dis-
tribution, Vol. 2, Elsevier, pp. 1–28, 2015. doi:10.1016/B978-0-444-59428-0.00001-3. 

[3] Goldin, C.: A Grand Gender Convergence: Its Last Chapter, American Economic Review, Vol. 104(4), 
1091–1119, 2014. doi: 10.1257/aer.104.4.1091. 

[4] Shutters, S., Applegate, J., Wentz, E., & Batty, M. (2022). Urbanization favors high wage earners. npj 
Urban Sustainability, 2, 1-5. https://doi.org/10.1038/s42949-022-00049-x.  

[5] Vásquez-Ramírez, M.: Analyzing the Relationship Between Project Management and Social Responsibil-
ity at Peruvian University Los Andes: Graduate Perceptions for 2024 Using Plithogenic Statistics and the 
Indeterminate Likert Scale, International Journal of Neutrosophic Science, Vol. 26(1), 9, 2025. 
https://doi.org/10.54216/ijns.260109. (Assuming page 9 is the start or single page). 

[6] Card, D. and Krueger, A. B.: Minimum Wages and Employment: A Case Study of the Fast-Food Industry 
in New Jersey and Pennsylvania, American Economic Review, Vol. 84(4), 772–793, 1994. doi: 
10.1257/0002828042002640. 

[7] López-Arceiz, F., Bellostas, A., & Rivera, P. (2018). Twenty Years of Research on the Relationship Be-
tween Economic and Social Performance: A Meta-analysis Approach. Social Indicators Research, 140, 
453-484. https://doi.org/10.1007/S11205-017-1791-1.  

[8] Smarandache, F.: Introduction and Advances in Neutrosophic Probability and Statistics and Plithogenic 
Probability and Statistics, and Their Applications in Bioinformatics and Other Fields (Review Chapter), 
In: Cognitive Intelligence with Neutrosophic Statistics in Bioinformatics, Academic Press, San Diego, pp. 
1-23, 2023. 

[9] Rodríguez Cayamcela, C. P., López Pérez, S. J., and Murillo Valenzuela, F. O.: Aplicación del Plithogenic 
n-SuperHyperGraph al análisis de Candida auris en entornos hospitalarios, Neutrosophic Sets and Sys-
tems, Vol. 37, 688–699, 2025. DOI: https://zenodo.org/record/15200835. 

[10] Smarandache, F.: n-Valued Refined Neutrosophic Logic and Its Applications to Physics, Progress in 
Physics, Vol. 4, 143, 2013. (Assuming Vol. 4, start page 143). 

[11] Smarandache, F. and Vázquez, M. Y. L.: From Di-alectics to N-alectics: Indigenous Cultures and Ances-
tral Philosophies in Latin America, Neutrosophic Sets and Systems, Vol. 81, 1-11, 2025. 

[12] Kandasamy, I. and Smarandache, F.: Triple Refined Indeterminate Neutrosophic Sets for Personality 
Classification, In: 2016 IEEE Symposium Series on Computational Intelligence (SSCI), IEEE, pp. 1-8, 2016. 

[13] Kandasamy, I., Kandasamy, W. V., Obbineni, J. M., and Smarandache, F.: Indeterminate Likert Scale: 
Feedback Based on Neutrosophy, Its Distance Measures and Clustering Algorithm, Soft Computing, Vol. 

https://doi.org/10.1007/S11205-017-1791-1


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Fernando Cruzatti-Vera, Guido Macas-Acosta, Fidel Márquez-Sánchez, Alexandra Yépez-Vera, Petr Sed'a. Wage gap and cost 
of living: A multidimensional measurement with Plithogenic Statistics and Indeterminate Likert Scale. 

 

681 

24, 7459-7468, 2020. 
[14] Smarandache, F.: Neutrosophic Statistics is an Extension of Interval Statistics, While Plithogenic Statistics 

is the Most General Form of Statistics (Second Version), International Journal of Neutrosophic Science, 
Vol. 19(1), 11, 2022. https://doi.org/10.54216/ijns.190111. (Assuming page 11 is the start or single page). 

[15] Tacuri Toribio, R. L., Campos Llana, M. E., Curasma, A. P., Ore, Y. T., Quispe Cutipa, W. A., Castillo, A. 
C. L., and Cabello Flores, G. S.: A Study of the Relationship Between Cultural Identity and Inter-cultural 
Attitude Based on Plithogenic Statistics, International Journal of Neutrosophic Science, Vol. 25(1), 2025. 
(Page numbers not provided in the original prompt for this entry). 

[16] De la Cantera, D. H., Quiroz, R. C., Queija, M. L., Gonzalez, J. R., and Vazquez, M. Y. L.: Analyzing 
Interdisciplinary Education in General Medicine Using Smarandache's Multivalued Logic Hypothesis 
Theory and Plithogenic Probability, Neutrosophic Sets and Systems, Vol. 70, 369-377, 2024. 

[17] Pinedo Coral, R., Aguilar Polo, A. E., Ríos Ángeles, J. E., Yauri Rivera, E. R., Vásquez Pérez, J. K., 
Huaranga Rivera, L., and Campos Llana, M. E.: Determining the Relationship between Interculturality 
and Bilingualism in Bilingual Teaching in Peru Based on Plithogenic Statistics, Neutrosophic Sets and 
Systems, Vol. 71(1), 21, 2024. 

[18] Daniel, W. W. and Cross, C. L.: A Foundation for Analysis in the Health Sciences, John Wiley & Sons, 
Toronto, pp. 209-215, 1991. (Assuming "209-15" meant pages 209-215 and "Biostatistics Toronto" referred 
to series/location). 

[19] Sen, P. K.: Estimates of the Regression Coefficient Based on Kendall's Tau, Journal of the American Sta-
tistical Association, Vol. 63(324), 1379-1389, 1968. 

Received: December 30, 2024. Accepted: April 14, 2025.

 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin 

American Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Univer- 

sidad Tecnológica de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Carlos Alcívar-Trejo, Karem González-Palma, Fidel Márquez-Sánchez, Fátima Campos-Cárdenas, Adriana María 
Estupiñán Sera. Modeling barriers and facilitators of access to sport through neutrosophic cognitive maps 

            University of New Mexico 

Modeling barriers and facilitators of  access to sport 
through neutrosophic cognitive maps. 

 

Carlos Alcívar-Trejo 1*, Karem González-Palma 2, Fidel Márquez-Sánchez 3, Fátima Campos-Cárdenas 4, 

and Adriana María Estupiñán Sera 5 

 
1 Universidad ECOTEC, Guayas, Ecuador. calcivar@ecotec.edu.ec  

2 Universidad ECOTEC, Guayas, Ecuador. kgonzalez@ecotec.edu.ec  
3 Universidad de Especialidades Espíritu Santo (UEES), Guayas, Ecuador. fmarquez@uees.edu.ec  

4 Universidad Bolivariana del Ecuador, Guayas, Ecuador. fecamposc@ube.edu.ec  
5 Centro de Capacitación y Gestión del Conocimiento (CCGECON), Ecuador. adriana.estupinan@istici.edu.ec  

 
Abstract. This study's objective was to assess barriers and facilitators to access to sport utilizing neutrosophic cog-
nitive maps to identify variables contributing to sports participation. Therefore, a qualitative neutrosophic theory 

approach was taken—this approach allows for mapping of such relationships even in uncertain situations. Data 

collection efforts consisted of expert interviews and surveys of current and former athletes, which were analyzed to 

create cognitive maps representing interdependent positional relationships of variables such as resources, motiva-
tion, and governmental resources. Among the major results are that the most prominent barriers are lack of adequate 

resources, fiscal resources, and socioeconomic equity while the most prominent facilitators are community support, 

governmental resources, and intrinsic motivation. Ultimately, the cognitive maps illustrate a fluid certainty of inter-

dependence among such factors, with access, both in a physical and financial sense, being the most important find-
ings. Therefore, this research will assist in making more informed sports policy decisions to reduce inequity of access 

to sports while improving infrastructure quality and utilizing neutrosophic cognitive mapping as a practical means 

for more effectively designed intervention and more sustainable access to sport in the future—impacting sociological 

status and public health findings. 
 

Keywords: Barriers, facilitators, access, sport, cognitive maps, neutrosophics.

1. Introduction 

Access to sport is a crucial issue in promoting healthy lifestyles and social inclusion, but barriers that 

limit the participation of diverse population groups persist. In many communities, especially in mar-

ginalized urban and rural areas, economic inequalities, lack of adequate infrastructure, and cultural 

limitations restrict sports practice. These barriers not only affect physical health but also psychological 

well-being and social cohesion, raising the need to understand the factors that facilitate or hinder access 

to sport. This problem is exacerbated in contexts where public policies fail to comprehensively address 

the needs of the population, leaving significant gaps in the promotion of physical activity. Previous 

studies have explored barriers to access to sport, highlighting factors such as economic cost, lack of 

facilities, and gender or ethnic discrimination [1]. For example, research has shown that low-income 

communities face greater obstacles to accessing sports facilities due to their geographic location and 

transportation costs [2]. However, these studies typically focus on quantitative analyses that fail to cap-

ture the complexity of interactions among social, economic, and cultural factors. Furthermore, existing 

research rarely integrates approaches that model the uncertainty inherent in individuals' perceptions 

and experiences [3]. This limitation suggests the need for more sophisticated analytical tools to address 

these interdependencies. 

Another relevant aspect in the literature is the identification of facilitators of access to sport, such as 

community support and government programs [4]. Studies have highlighted that local initiatives, such 

as community sports leagues, can increase participation, especially among young people [5]. However, 

the lack of a theoretical framework that dynamically integrates both barriers and facilitators has 
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restricted the development of effective interventions [6]. Most traditional approaches do not consider 

the uncertainty in the perceptions of the actors involved, which limits their ability to generate inclusive 

solutions adapted to specific contexts. The relevance of this research lies in its potential to inform public 

policies that promote equitable access to sport. In a global context where physical inactivity contributes 

to the increase of non-communicable diseases, such as obesity and cardiovascular diseases [7], under-

standing the factors that influence sports participation is fundamental. Furthermore, sport fosters social 

inclusion, reduces inequalities and strengthens the sense of community, essential aspects in diverse so-

cieties [8]. Therefore, addressing barriers and enhancing enablers not only has implications for public 

health, but also for sustainable social development. 

This study proposes the use of neutrosophic cognitive maps as an innovative tool for modeling bar-

riers and facilitators of access to sport. Unlike traditional approaches, neutrosophic cognitive maps al-

low for the representation of complex relationships between variables, incorporating uncertainty and 

contradictions inherent in human perceptions. This methodology is particularly useful in contexts 

where data are subjective or incomplete, such as athlete opinions and local policies. By integrating this 

tool, the study seeks to overcome the limitations of previous research that does not comprehensively 

address the dynamics between factors. 

The primary objective of this research is to identify and analyze the barriers and facilitators that 

influence access to sport in urban and rural communities, using neutrosophic cognitive maps to model 

the interdependencies between social, economic, and cultural factors. Specifically, it seeks to map how 

elements such as infrastructure, community support, and public policies interact to encourage or restrict 

sport participation. This approach will allow the generation of a dynamic model that reflects the per-

ceptions of the stakeholders involved, providing a solid basis for the design of effective interventions. 

Furthermore, the study hypothesizes that socioeconomic barriers, such as lack of infrastructure and as-

sociated costs, have a greater impact on access to sport than cultural barriers, but that facilitators, such 

as community support, can significantly mitigate these obstacles. This hypothesis is based on evidence 

that community-based interventions have shown positive results in similar contexts [9]. By testing this 

hypothesis, the study seeks to contribute to knowledge about how to prioritize resources to maximize 

sport participation. 

The choice of neutrosophic cognitive maps responds to the need for an approach that captures the 

complexity and uncertainty in the perceptions of the actors involved. Unlike traditional models, this 

methodology allows for the incorporation of indeterminate information, which is crucial in the study of 

social phenomena where opinions can be contradictory or ambiguous. For example, an individual may 

perceive a sports facility as accessible in terms of distance, but inaccessible for economic reasons, creat-

ing a contradiction that traditional approaches fail to adequately model. This study is also justified by 

its potential to influence public policymaking. By providing a detailed model of barriers and facilitators, 

the results can guide local governments in allocating resources to improve access to sport. Furthermore, 

the neutrosophic approach offers a replicable tool that can be applied in different geographical and 

cultural contexts, broadening its relevance beyond the local level. This is particularly important in de-

veloping countries, where resources for sports promotion are often limited. In summary, this research 

seeks to fill the gaps in the literature by using neutrosophic cognitive maps to analyze access to sport, 

offering an innovative approach that integrates uncertainty and complexity. By identifying the interde-

pendencies between barriers and facilitators, the study will not only contribute to academic knowledge 

but also provide practical tools to promote sports participation and, ultimately, improve health and 

social well-being. 

2. Materials and methods 

This section reviews the theoretical foundations necessary for the development of the study. 
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A. Neutrosophic cognitive maps 

 

Definition 1: ([10, 11, 12]) Let X be a universe of discourse. A Neutrosophic Set (NS) is charac-

terized by three membership functions , uA(x), rA(x), vA(x) ∶ X →  ] 0− , 1+[, that satisfy the condi-

tion 0 ≤− inf uA(x) + inf rA(x) + inf vA(x) ≤ sup uA(x) + sup rA(x) + sup vA(x) ≤ 3+   for everyone xX. uA(x), rA(x)andvA(x) are the truth, indeterminacy, and falsity membership functions of x in 

A, respectively, and their images are standard or nonstandard subsets of ] 0− , 1+[. 
Definition 2: ([10, 11, 12]) Let X be a universe of discourse. A Single Valued Neutrosophic Set 

(SVNS) A over X is a set of the form: A =  {〈x, uA(x), rA(x), vA(x)〉: x ∈ X}                    (1)  
Where uA, rA, vA ∶ X →  [0,1], satisfies the condition0 ≤ uA(x) + rA(x) + vA(x) ≤  3  for every-

one xX. uA(x), rA(x)andvA(x) denote the truthfulness, indeterminacy, and falsity membership 

functions of x in A, respectively. For convenience, a Univalent Neutrosophic Number (NNUN) will 

be expressed as A =  (a, b, c), wherea, b, c  [0,1] and satisfy 0 ≤  a +  b +  c ≤  3. 

Other important definitions are related to graphics. 

Definition 3: ([13,14,15]) A neutrosophic graph is a graph that contains at least one indetermi-

nate edge, which is represented by dotted lines. 

Definition 4: ([13,14,15]) A neutrosophic directed graph is a directed graph that contains at least 

one indeterminate edge, which is represented by dotted lines. 

Definition 5: ([10, 11, 12]) A Neutrosophic Cognitive Map (NCM) is a neutrosophic directed 

graph, whose nodes represent concepts and whose edges represent causal relationships between 

edges. 

If, C1, C2, … , Ck There are k nodes, each of whichCi  (i =  1, 2,… , k) can be represented by a vec-

tor (x1, x2, … , xk)where xi{0, 1, I} . xi =  0means that the nodeCi  is in an activated state, xi = 1meaning that the nodeCi is in a disabled state andxi =  I means that the nodeCi is in an indeter-

minate state, at a specific time or in a specific situation. 

If Cm andCn are two nodes of the NCM, one edge directed fromCm toCn It is called connection 

and represents the causality of Cma Cn. Each node in the NCM is associated with a weight within 

the set {−1, 0, 1, I}. Ifαmn denotes the weight of the edge CmCn,αmn{−1, 0, 1, I} So we have the fol-

lowing: αmn  =  0 if Cm does not affect Cn, αmn  =  1 if there is an increase (decrease) inCm produces an increase (decrease) in Cn, αmn  =  −1 if there is an increase (decrease) inCm produces a decrease (increase) in Cn, αmn  = IIf the effect ofCm inCn is indeterminate. 

Definition 6: ([10, 11, 12,]) An NCM that has edges with weights in{−1, 0, 1, I} It is called Sim-

ple Neutrosophic Cognitive Map. 

Definition 7: ([10, 11, 12,]) IfC1, C2, … , Ck are the nodes of an NCM. The neutrosophic matrix 

N( E) is defined as N(E)  =  (αmn ), whereαmn  denotes the weight of the directed edge CmCn, such 

that αmn {−1, 0, 1, I}. N(E)is called the neutrosophic adjacency matrix of the NCM. 

Definition 8: ([10, 11, 12,]) LetC1, C2, … , Ck Let be the nodes of an NCM. Let A =  (a1, a2, … , ak), 

where am{−1, 0, 1, I}. A is called the neutrosophic instantaneous state vector and represents the on-

off-indeterminate state position of the node at a given instant. 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Carlos Alcívar-Trejo, Karem González-Palma, Fidel Márquez-Sánchez, Fátima Campos-Cárdenas, Adriana María 
Estupiñán Sera. Modeling barriers and facilitators of access to sport through neutrosophic cognitive maps 

 

685 

am  =  0 if Cm is disabled (has no effect), am  =  1if Cm is activated (has an effect), am  =  I if Cm is indeterminate (its effect cannot be determined). 

Definition 9: ([16]) LetC1, C2, … , Ck  Let, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…, CmCn⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  be the nodes of an NCM.C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ be the 

edges of the NCM, then the edges constitute a directed cycle. 

The NCM is called cyclic if it presents a directed cycle. It is called acyclic if it does not present a 

directed cycle. 

Definition 10: ([17 An NCM with cycles is said to have feedback. When feedback exists in the NCM, 

it is said to be a dynamical system. 

Definition 11: ([17]) Let C1C2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C2C3⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, C3C4⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗,…,Ck−1Ck⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   be a cycle. WhenCm It is activated and its causal-

ity flows along the edges of the cycle and then it is the cause ofCm In itself, then, the dynamic system 

circulates. This holds true for each node. Cmwith The m =  1, 2, … , kequilibrium state of this dynamic 

system is called the hidden pattern. 

Definition 12: ([17]) If the equilibrium state of a dynamical system is a single state, then it is called a 

fixed point. 

An example of a fixed point is when a dynamical system starts to be activated by [number] Cl. If the 

NCM is assumed to settle on [number] Cland [number Ck], i.e. the state remains as [ (1, 0, . . . , 0, 1)num-

ber ], then this neutrosophic state vector is called a fixed point . 

Definition 13: ([10, 11, 12,]) If the NCM is established with a neutrosophic state vector that repeats 

in the form: A1 → A2 → ⋯ → Am → A1, then the equilibrium is called the NCM limit cycle . 

Method for determining hidden patterns 

LeaveC1, C2, … , Ck Let be the nodes of the feedback NCM. Let E be the associated adjacency matrix. 

A hidden pattern is found when Clis activated and a vector input is used .A1  =  (1, 0, 0,… , 0) It is pro-

vided. The data must pass through the neutrosophic matrix N(E), which is obtained by multiplyingA1 

by the matrix N(E). 
Let A1N(E)  =  (α1, α2, … , αk) with the replacement threshold operationαm for 1 IF αm > p andαm for 

0 if αm < p (p is a suitable positive integer) andαm is replaced by I if it is not an integer. The resulting 

concept is updated; vectorC1 It is included in the updated vector by transforming the first coordinate of 

the resulting vector into 1. 𝐼𝑓 A1N(E)→ A2 The same procedure is assumed, A2N(E)considered and repeated until a limit cycle 

or fixed point is reached. 

Definition 14: ([18,19]) A neutrosophic number N is defined as a number as follows: N = d + I                             (2)  
Where d is called the determinate part and i is called the indeterminate part. 

Giventhat N1 = a1 + b1I and N2 = a2 + b2Ithey are two neutrosophic numbers, some operations be-

tween them are defined as follows: N1 + N2 = a1 + a1 + (b1 + b2)I (Addition); N1 − N2 = a1 − a1 + (b1 − b2)I (Difference), N1 × N2 = a1a2 + (a1b2 + b1a2 + b1b2)I (Product), N1N2 = a1+b1Ia2+b2I = a1a2 + a2b1−a1b2a2(a2+b2) I ( Division ). 
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3. Results 

Three specialists in Sports Science and Sports Public Policy were consulted and asked to give their 

opinion on a scale as indicated in Table 1: 

Table 1: Relationship between linguistic and numerical values as measurement scales in the study carried out 

Numerical value Linguistic value 

3 Highly directly correlated 

2 Directly Correlated 

1 Little directly correlated 

0 Uncorrelated 

-1 Slightly inversely correlated 

-2 Inversely Correlated 

-3 Highly Inversely Correlated 

I We don't know 

Table 1 contains an adaptation of the algorithm defined in [15]. This adaptation was made with the aim 

of helping decision makers qualitatively evaluate each aspect to be considered related to access to sport. 

Study variables 

The concepts defined for the study of access to sport are the following: 

• V₁ : Sports infrastructure 

• V₂ : Economic costs 

• V₃ : Community support 

• V₄ : Sports public policies 

• V5 : Personal motivation 

• V₆ : Social inequalities 

• V₇ : Physical accessibility 

• V₈ : Government programs 

Application of the algorithm 

Each specialist was surveyed individually and independently of the others so as not to influence the 

responses. 

Formally, if we call 𝐸 =  {𝑒₁, 𝑒₂, 𝑒₃}the set of the 3 experts.𝑅{𝑖𝑗𝑘} symbolizes the relationship between 

the j-th and k-th criteria (𝑗, 𝑘 ∈  {1,2,… ,8}, 𝑗 ≠ 𝑘)according to the expert 𝑒ᵢ (𝑖 = 1,2,3) such that𝑅{𝑖𝑗𝑘}  ∈ {−3,−2, −1,0,1,2,3, 𝐼}. 
Step 1 : Numeric values are 𝑅{𝑖𝑗𝑘calculated 𝑅 ̂_𝑖𝑗𝑘}  =  𝑟𝑜𝑢𝑛𝑑(𝑅{𝑖𝑗𝑘}3 )and 𝑅{𝑖𝑗𝑘}  =  𝐼maintained𝑅̂{𝑖𝑗𝑘}  = 𝐼. 
 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Carlos Alcívar-Trejo, Karem González-Palma, Fidel Márquez-Sánchez, Fátima Campos-Cárdenas, Adriana María 
Estupiñán Sera. Modeling barriers and facilitators of access to sport through neutrosophic cognitive maps 

 

687 

Step 2 : For each pair 𝑓𝑖𝑗𝑜 𝑗, 𝑘 ∈  {1,2,… ,8}, it is calculated 𝑅 {𝑗𝑘}as follows: 

• If the mode 𝑅̂{𝑖𝑗𝑘}𝑝𝑎𝑟𝑎 𝑖 = 1,2,3 is unimodal 𝑅  {𝑗𝑘}  =  𝑚𝑜𝑑𝑒_𝑖(𝑅 ̂{𝑖𝑗𝑘}) and is 

taken𝑅 {𝑘𝑗}  =  0. 
• If the mode 𝑅{̂𝑖𝑗𝑘} 𝑓𝑜𝑟 𝑖 = 1,2,3is not unimodal it is defined as follows: 

o If 𝑅{̂𝑖𝑘𝑗} 𝑝𝑎𝑟𝑎 𝑖 = 1,2,3 it is unimodal and 𝑅 {𝑗𝑘}  =  0, it is taken𝑅 {𝑘𝑗}  =  𝑚𝑜𝑑𝑒𝑖(𝑅̂{𝑖𝑘𝑗}). 
o If 𝑅{̂𝑖𝑘𝑗} 𝑝𝑎𝑟𝑎 𝑖 = 1,2,3it is not unimodal it is taken𝑅 {𝑗𝑘}  =  𝑅 {𝑘𝑗}  =  𝐼. 

Data collected and processing 

Expert 1 - Evaluations: 

• V₁ → V₂ : -2 ( infrastructure reduces costs) 

• V₁ → V₃ : 3 (infrastructure generates community support) 

• V₁ → V₄ : 2 (infrastructure influences policies ) 

• V₁ → V₅ : 2 (infrastructure motivates participation ) 

• V₁ → V ₆ : -3 (infrastructure reduces inequalities) 

• V₁ → V₇ : 3 (infrastructure improves accessibility) 

• V₁ → V ₈ : 1 (program-related infrastructure) 

• V₂ → V₃ : -2 (costs reduce community support ) 

• V₂ → V₄ : -1 (costs negatively influence policies ) 

• V₂ → V ₅ : -3 (costs reduce motivation) 

• V₂ → V ₆ : 3 (costs increase inequalities) 

• V₂ → V ₇ : -2 (costs reduce accessibility) 

• V₂ → V ₈ : -1 (costs affect programs) 

• V₃ → V₄ : 2 (support influences policies ) 

• V₃ → V₅ : 3 (support increases motivation ) 

• V₃ → V ₆ : -2 (support reduces inequalities) 

• V₃ → V ₇ : 2 (support improves accessibility) 

• V₃ → V ₈ : 2 (program-related support) 

• V₄ → V ₅ : 2 ( policies motivate participation ) 

• V₄ → V₆ : -2 ( policies reduce inequalities) 

• V₄ → V₇ : 3 ( policies improve accessibility) 

• V₄ → V₈ : 3 ( policies generate programs) 

• V₅ → V ₆ : -1 (motivation reduces inequalities) 

• V₅ → V ₇ : 1 (motivation improves accessibility) 

• V₅ → V ₈ : 1 ( program-related motivation ) 

• V₆ → V ₇ : -3 (inequalities reduce accessibility) 

• V₆ → V ₈ : -2 (inequalities affect programs) 

• V₇ → V ₈ : 2 (program-related accessibility) 

Expert 2 - Evaluations: 

• 𝑉₁ → 𝑉₂: − 3, 𝑉₁ → 𝑉₃: 3, 𝑉₁ → 𝑉₄: 1, 𝑉₁ → 𝑉₅: 3, 𝑉₁ → 𝑉₆: − 2, 𝑉₁ → 𝑉₇: 3, 𝑉₁ → 𝑉₈: 2 
• 𝑉₂ → 𝑉₃: − 1, 𝑉₂ → 𝑉₄: 𝐼, 𝑉₂ → 𝑉₅: − 3, 𝑉₂ → 𝑉₆: 2, 𝑉₂ → 𝑉₇: − 3, 𝑉₂ → 𝑉₈: − 2 
• 𝑉₃ → 𝑉₄: 3, 𝑉₃ → 𝑉₅: 2, 𝑉₃ → 𝑉₆: − 3, 𝑉₃ → 𝑉₇: 3, 𝑉₃ → 𝑉₈: 3 
• 𝑉₄ → 𝑉₅: 1, 𝑉₄ → 𝑉₆: − 3, 𝑉₄ → 𝑉₇: 2, 𝑉₄ → 𝑉₈: 3 
• 𝑉₅ → 𝑉₆: 0, 𝑉₅ → 𝑉₇: 2, 𝑉₅ → 𝑉₈: 0 
• 𝑉₆ → 𝑉₇: − 2, 𝑉₆ → 𝑉₈: − 3 
• 𝑉₇ → 𝑉₈: 1 
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Expert 3 - Evaluations: 

• 𝑉₁ → 𝑉₂: − 2, 𝑉₁ → 𝑉₃: 2, 𝑉₁ → 𝑉₄: 3, 𝑉₁ → 𝑉₅: 1, 𝑉₁ → 𝑉₆: − 3, 𝑉₁ → 𝑉₇: 3, 𝑉₁ → 𝑉₈: 1 
• 𝑉₂ → 𝑉₃: − 3, 𝑉₂ → 𝑉₄: − 2, 𝑉₂ → 𝑉₅: − 2, 𝑉₂ → 𝑉₆: 3, 𝑉₂ → 𝑉₇: − 2, 𝑉₂ → 𝑉₈: 𝐼 
• 𝑉₃ → 𝑉₄: 1, 𝑉₃ → 𝑉₅: 3, 𝑉₃ → 𝑉₆: − 1, 𝑉₃ → 𝑉₇: 1, 𝑉₃ → 𝑉₈: 2 
• 𝑉₄ → 𝑉₅: 3, 𝑉₄ → 𝑉₆: − 2, 𝑉₄ → 𝑉₇: 3, 𝑉₄ → 𝑉₈: 2 
• 𝑉₅ → 𝑉₆: − 2, 𝑉₅ → 𝑉₇: 2, 𝑉₅ → 𝑉₈: 2 
• 𝑉₆ → 𝑉₇: − 3, 𝑉₆ → 𝑉₈: − 1 
• 𝑉₇ → 𝑉₈: 3 

Step -by-step calculations 

Step 1: Normalization(𝑹̂{𝒊𝒋𝒌} =  𝒓𝒐𝒖𝒏𝒅(𝑹{𝒊𝒋𝒌}𝟑 )) 

For each relationship, we calculate the normalization: 

Expert 1:𝑅₁̂₁₂ =  𝑟𝑜𝑢𝑛𝑑(−2/3)  =  −1  

Expert 2:𝑅₂̂₁₂ =  𝑟𝑜𝑢𝑛𝑑(−3/3)  =  −1 

 

Expert 3:𝑅̂₃₁₂ =  𝑟𝑜𝑢𝑛𝑑(−2/3)  =  −1 

Applying this process to all relations we obtain the normalized matrices. 

Step 2: Calculating modes 

For V₁ → V₂ : Mode of {-1, -1 , -1} is -1 ( unimodal ) 

Therefore:𝑅 ₁₂ =  −1 𝑦 𝑅 ₂₁ =  0 

For V₁ → V₃ : Mode of {1, 1, 1} is 1 ( unimodal )  
Therefore:𝑅 ₁₃ =  1 𝑦 𝑅 ₃₁ =  0 

Continuing with all the pairs of variables... 

Resulting adjacency matrix 

 

Table 2. Adjacency matrix N (E) obtained from the study 

 

 V₁ V₂ V₃ V₄ V5 V₆ V₇ V₈ 

V₁ 0 -1 1 1 1 -1 1 1 

V₂ 0 0 -1 I -1 1 -1 I 

V₃ 0 0 0 1 1 -1 1 1 

V₄ 0 0 0 0 1 -1 1 1 

V5 0 0 0 0 0 I 1 1 

V₆ 0 0 0 0 0 0 -1 -1 

V₇ 0 0 0 0 0 0 0 1 

V₈ 0 0 0 0 0 0 0 0 
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Figure 1: Graphic representation of the Neutrosophic Cognitive Map obtained 

Determining hidden patterns 

possible initial states were analyzed 2⁸ − 1 =  255, excluding the degenerate case where no node is ac-

tive. 

Table 3. Convergence results for all possible initial vectors except the degenerate case 

Variable Convergence towards 

0 

Convergence towards 

1 

Convergence to-

wards I 

V₁ (Infrastructure) 31 (0.12157) 224 (0.87843) 0 (0) 

V₂ (Economic costs) 192 (0.75294) 63 (0.24706) 0 (0) 

V₃ (Community Support) 0 (0) 128 (0.50196) 127 (0.49804) 

V₄ (Public Policies) 0 (0) 128 (0.50196) 127 (0.49804) 

V5 (Personal Motivation) 31 (0.12157) 224 (0.87843) 0 (0) 

V₆ (Social inequalities) 224 (0.87843) 31 (0.12157) 0 (0) 

V₇ (Physical Accessibil-
ity) 

0 (0) 128 (0.50196) 127 (0.49804) 

V₈ (Government Pro-
grams) 

0 (0) 128 (0.50196) 127 (0.49804) 

 

Analysis of results 

The results show clearly differentiated patterns: 

Variables with high activation (>87%): 

• V₁ (Sports infrastructure): Activated in 87.843% of cases 

• V₅ (Personal motivation): Activated in 87.843% of cases 

Variables with high deactivation (>87%): 

• V₆ (Social inequalities): It is deactivated in 87.843% of cases 
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Variables with high deactivation (>75%): 

• V₂ (Economic Costs): Deactivated in 75.294% of cases 

Variables with balanced behavior (~50% activation/indeterminacy): 

• V₃ (Community Support): 50.196% activation, 49.804% indetermination 

• V₄ (Public sports policies): 50.196% activation, 49.804% indetermination 

• V₇ (Physical Accessibility): 50.196% activation, 49.804% indeterminacy 

• V₈ (Government programs): 50.196% activation, 49.804% indeterminacy 

 

4. Discussion 

Summary of key findings 

The results obtained through the analysis of neutrosophic cognitive maps reveal clearly differenti-

ated patterns in the factors that influence access to sport. The study identified two variables as critical 

facilitators: Sports Infrastructure and Personal Motivation, both activated in 87.843% of the scenarios 

analyzed. In contrast, Social Inequalities emerged as the main barrier, deactivated in 87.843% of cases, 

followed by Economic Costs, which were deactivated in 75.294% of situations. 

A particularly relevant finding is the balanced behavior of four variables (Community Support, 

Sports Public Policies, Physical Accessibility, and Government Programs), each of which showed ap-

proximately 50% activation and indeterminacy. This pattern suggests that these factors require specific 

intervention to generate favorable outcomes in sports access. 

Interpretation of the results 

The findings partially confirm the hypothesis about the significant impact of socioeconomic barriers 

on access to sport. The prominence of social inequalities as a primary barrier validates this premise, 

while the strong negative influence of economic costs reinforces the importance of economic factors as 

obstacles to sports participation. 

However, the results go beyond the initial hypothesis by revealing the fundamental role of sport 

infrastructure as a critical facilitator. This finding suggests that investments in sports facilities and 

equipment can act as catalysts that effectively counteract socioeconomic barriers. The high activation of 

Personal Motivation indicates that individual psychological factors maintain their importance even in 

the presence of structural obstacles.  

The indeterminate behavior of variables related to public policies and institutional support indicates 

a critical opportunity for intervention. These results suggest that the strategic design and implementa-

tion of specific policies can be decisive in tipping the balance toward greater sports access.  

Comparison with existing literature 

The results of the present study show significant agreement with previous research that has identi-

fied economic barriers as the main obstacles to sport participation. Studies such as those by Downward 

and Riordan (2007) [20] and Wicker et al. (2010) [21] have consistently documented the negative impact 

of costs on sport participation, supporting our findings regarding the defusing of economic costs.  

The identification of infrastructure as a critical facilitator is consistent with the literature on commu-

nity sport development, where several authors have emphasized the importance of accessible facilities 

in promoting participation. However, our study provides a specific quantification of this relationship 

(87.843% activation), providing more robust evidence of its impact.  

A notable discrepancy with some previous studies lies in the role of community support. While re-

search such as Coakley 's (2011) [22]  has emphasized its determining importance, our results suggest a 

more balanced and indeterminate behavior. This difference could be attributed to contextual or meth-

odological variations, highlighting the need to consider specific regional and cultural factors.  



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Carlos Alcívar-Trejo, Karem González-Palma, Fidel Márquez-Sánchez, Fátima Campos-Cárdenas, Adriana María 
Estupiñán Sera. Modeling barriers and facilitators of access to sport through neutrosophic cognitive maps 

 

691 

The indeterminate behavior of sports public policies contrasts with studies that have emphasized 

their direct impact, suggesting that the effectiveness of these policies may depend significantly on their 

specific design and implementation context. 

Limitations of the study 

This study presents several methodological limitations that should be considered when interpreting 

the results. First, the sample of experts consulted (n=3) is relatively small, which may limit the general-

izability of the findings. Although the neutrosophic cognitive mapping method is robust to small sam-

ples of experts, a greater diversity of opinions could enrich the analysis.  

Second, the selection of the eight variables included in the model, although based on specialized 

literature, may not fully capture the multifactorial complexity of access to sport. Factors such as family 

influence, cultural aspects, or specific demographic variables were not explicitly included in the model. 

Third, the study focuses on the analysis of causal relationships from a theoretical perspective based 

on expert opinion, without including empirical validation using real-life sports participation data. This 

limitation affects the ability to confirm the model's predictions in practical contexts. 

Finally, the specific geographical and cultural context of the experts consulted may limit the applica-

bility of the results to other different socioeconomic and cultural environments. 

Practical and theoretical implications 

From a practical perspective, the results provide specific guidance for the development of public 

sports policies. Local and national governments should prioritize investments in sports infrastructure, 

considering that this variable emerges as the most consistent enabler. At the same time, the design of 

subsidy programs or participation cost reduction programs is justified by the strong negative impact 

identified by economic factors.  

The identification of balanced behavior in variables such as Community Support and Government 

Programs suggests that these areas require specific interventions and careful design to generate a posi-

tive impact. This implies that implementing generic programs is not sufficient; rather, a strategic and 

contextualized approach is required. 

Theoretically, this study contributes to the field of sports access by providing a quantitative meth-

odology for analyzing complex and indeterminate causal relationships. The successful application of 

neutrosophic cognitive maps demonstrates their usefulness in addressing multifactorial social problems 

where uncertainty is inherent. 

The findings also suggest the need for more integrated theoretical frameworks that consider both 

structural factors (infrastructure, costs) and individual factors (motivation) in the analysis of sport ac-

cess. 

Recommendations for future research 

Future research should address the limitations identified in this study through several complemen-

tary approaches. First, it would be valuable to expand the sample of experts consulted, including per-

spectives from different geographic regions and socioeconomic contexts to improve the generalizability 

of the results. 

Second, empirical validation of the model's predictions is recommended through longitudinal stud-

ies that analyze real-world sports participation data in communities where specific interventions based 

on the findings are implemented. 

Third, future research could expand the model by including additional variables such as cultural 

factors, family influence, gender, age, and specific sociodemographic characteristics . This would allow 

for a more complete understanding of the determinants of sports access. 

Fourth, it would be useful to develop comparative studies that apply the neutrosophic cognitive 

mapping methodology in different cultural and socioeconomic contexts, allowing for the identification 

of universal versus context-specific patterns. 
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Finally, it is suggested to explore the application of other complementary methodologies such as 

social network analysis or structural equation modeling to triangulate and validate the results obtained 

through neutrosophic cognitive maps. 

Future research should also consider developing evaluation and monitoring tools that enable poli-

cymakers to measure the impact of their interventions based on the patterns identified in this study. 

5. Conclusions 

This project aimed to configure the barriers and facilitators of access to sport through neutrosophic 

cognitive mapping. Three experts in the field of sports science and public sports policy assessed the 

causal relationship of eight factors: sports infrastructure, economic costs, community support, public 

sports policies, personal motivation, social inequities, physical accessibility, and governmental pro-

grams. The method of study was the Neutrosophic Cognitive Map, which enables such indeterminate 

causal relationships that are impossible through Classical Cognitive Maps or Fuzzy Cognitive Maps. 

The method of Hidden Pattern Determination was employed in which the algorithm was modified.  

The execution for all known initial activation vectors provided a pattern of Sports Infrastructure and 

Personal Motivation as critical facilitators since those two were activated with the highest percentage in 

various runs (over 87% each). Meanwhile, Social Inequities and Economic Costs were determined to be 

critical barriers to access since they were deactivated 87.843% and 75.294% of the time, respectively. 

Finally, Community Support, Sports Public Policies, Physical Accessibility, and Government Pro-

grams experienced a positive ambivalence of activation vs indeterminacy (~50% for each result); thus, 

for a positive result regarding access to sport, it would be crucial to create specific policies to support 

these notions. Therefore, policymakers must intentionally focus on: (1) maintaining/increasing sports 

infrastructure; (2) decreasing economic challenges; (3) minimizing social inequities; (4) developing spe-

cific policies that encourage community support and greater physical accessibility to sport. These results 

support the hypothesis that socioeconomic barriers do impede access to sport greatly but also show that 

other socioeconomic facilitators such as infrastructure or personal motivation can mitigate such barriers 

when employed in a strategic fashion. 
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Abstract. This study contributes to the literature by trying to understand which emotions translate to transcription 

in the classroom from the perspective of emotional impact on academic achievement in digital environments. This 

is specific to the chosen sample population from Instituto Superior Tecnológico Guayaquil, which operates within 

the Google Classroom environment. The importance of such a study is essential in twenty-first-century life because 

relative emotions—positive or negative, from constructs like motivation, anxiety, or frustration—are integral to po-

sitioning and learning processes in digital teaching environments which excessively appear in today's higher edu-

cation curriculum. Yet the state-of-the-art does not highlight such a systematic study of findings from digital envi-

ronments; instead, it assesses classroom situations where researchers segment emotions into rigid categories. The 

unique approach here is neutrosophic sentiment analysis based on Smarandache's (1999) theory of trivalent logic 

which supports the ambiguity of emotional functioning. The findings reveal multiple emotions that facilitate and 

impede grades and participation in the classroom, as well as responsiveness and program complaints; therefore, 

signifying importance for cause and effect for digital environment use. Transferring educational theoretical applica-

tion from this new field study to practical classroom situations through adjustable and fluid pedagogical teaching 

opportunities championing the use of digital environments for enhanced learning and student wellness. 

Keywords: Neutrosophy, Sentiment Analysis, NeutroAlgebra, Google Classroom , Academic Performance, Uncer-

tainty, Digital Education. 

 

1. Introduction 

 

Higher education faces the challenge of integrating emotions into teaching-learning processes, espe-

cially in digital environments, where platforms such as Google Classroom have transformed educa-

tional interaction. Emotions, such as motivation, anxiety, or frustration, play a crucial role in academic 

performance and student well-being, directly impacting motivation and engagement [1]. This study 

explores how neutrosophic sentiment analysis can unravel emotional complexities in educational data, 

offering an innovative approach to optimize the learning experience in digital contexts. The relevance 

of this topic lies in the increasing digitalization of education, which demands advanced analytical tools 

to understand emotional dynamics and improve pedagogical strategies [2]. By addressing these dimen-

sions , research not only enriches theoretical understanding but also proposes practical solutions for 

technology-mediated educational environments. Historically, education has evolved from traditional 

models focused on the one-way transmission of knowledge to interactive approaches supported by In-

formation and Communication Technologies (ICT). Since the introduction of digital platforms in the 

2000s, tools such as Google Classroom , widely implemented since 2014, have facilitated activity plan-

ning and teacher-student feedback [3]. However, the integration of ICTs has revealed unique emotional 

challenges, such as isolation or frustration with technical issues, that influence academic performance 

[4]. These advances have transformed educational environments, but the lack of systematic analysis of 
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emotions on digital platforms limits their potential. 

In the context of the Instituto Superior Tecnológico Guayaquil (ISTG), where Google Classroom is a 

central tool, significant variability is observed in student grades. This variability suggests the influence 

of unexplored emotional factors, such as motivation or stress, that affect interaction with the platform 

and academic results. Previous studies have highlighted that academic emotions are key determinants 

of learning, but their analysis in digital environments remains insufficient [5]. The question that guides 

this research is: how do students' emotions influence their academic performance within digital envi-

ronments such as Google Classroom , and how can a neutrosophic approach capture these dynamics? 

The problem centers on the absence of methods that address the uncertainty and subjectivity inherent 

in emotions in digital educational contexts. While traditional sentiment analysis approaches categorize 

emotions in binary terms (positive or negative), they are limited in capturing the ambiguity of human 

emotional responses. At ISTG, the lack of systematic studies on classroom interactions and their rela-

tionship to emotions represents a significant gap. Is it possible to identify complex emotional patterns 

that explain variations in academic performance? This research seeks to answer this question through a 

novel approach that transcends the limitations of conventional methods. 

The magnitude of the problem lies in its direct impact on the quality of learning. Emotions not only 

affect student engagement but also determine the effectiveness of digital platforms as pedagogical tools. 

Without an in-depth analysis of these dynamics, educators lack the information to design interventions 

that improve the educational experience. The uncertainty inherent in emotions, combined with the com-

plexity of digital environments, demands a flexible and robust analytical framework. This study pro-

poses neutrosophic sentiment analysis as a solution to model these dimensions, providing a more nu-

anced understanding of educational processes. The neutrosophic approach, based on trivalent logic, 

allows for the integration of truth, falsity, and indeterminacy into the analysis of educational data. By 

applying it to interactions in Google Classroom , we seek to identify how emotions such as motivation, 

anxiety, or enthusiasm influence student grades and engagement. This framework overcomes the limi-

tations of traditional methods by capturing the ambiguity and subjectivity of emotional responses. The 

research is conducted within the context of the ISTG , where the implementation of Classroom has gen-

erated abundant but underanalyzed data. This study represents a pioneering effort to address these 

dynamics in Ecuadorian higher education. 

The study's objectives are clear and specific. First, it aims to apply neutrosophic sentiment analysis 

to identify emotional patterns in student-generated data on Google Classroom . Second, it seeks to es-

tablish correlations between these emotions and academic performance, considering factors such as 

teacher feedback and technical difficulties. Finally, the research proposes developing adaptive peda-

gogical strategies that optimize the use of digital platforms, improving both learning and student well-

being. These objectives are aligned with the research question and lay the groundwork for an in-depth 

analysis of emotional dynamics in digital education. 
 

2. Preliminaries 

2.1 . Emotional Dimensions. 

 

Emotional dimensions in education, particularly in digital environments, constitute a crucial field of 

study to understand how affects influence learning. In the context of the Instituto Superior Tecnológico 

Guayaquil (ISTG), where platforms such as Google Classroom are fundamental, students' emotions, 

such as motivation, anxiety, or frustration, shape their interaction with technological tools and their 

academic performance. This analysis argues the relevance of exploring these dimensions through neu-

trosophic sentiment analysis, an approach that transcends the limitations of traditional methods by ad-

dressing the uncertainty and subjectivity inherent in human emotions. Through a critical evaluation, 

we examine how this framework can optimize digital teaching, relying on theoretical and practical 
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evidence. Emotions have been recognized as an essential component of learning, influencing motivation, 

engagement, and knowledge retention. In digital environments, where human interaction is mediated 

by technology, emotions acquire additional complexity. For example, the lack of immediate feedback 

or technical problems can generate frustration, while the flexibility of platforms fosters enthusiasm [6]. 

At ISTG, the variability in scores suggests that unexplored emotional factors affect academic outcomes, 

underscoring the need for innovative analytical approaches. 

Traditional sentiment analysis methods, which classify emotions into rigid categories such as posi-

tive or negative, are insufficient to capture the ambiguity of emotional responses. Neutrosophy, devel-

oped by Smarandache, offers a trivalent framework (truth, falsity, indeterminacy) that models the un-

certainty inherent in emotions [7]. This approach allows the analysis of heterogeneous educational data, 

such as forum comments or Classroom grades , by integrating qualitative and quantitative dimensions. 

By applying it, complex emotional patterns can be identified that binary methods overlook. In the con-

text of ISTG, Google Classroom has transformed educational processes since its implementation in 2019, 

facilitating teacher-student interaction. However, the lack of systematic studies on emotions on this 

platform limits its optimization. Research suggests that emotions such as anxiety during online assess-

ments or motivation derived from the organization of Classroom directly influence performance [8]. 

Neutrosophic analysis can reveal how these dynamics affect grades, providing insights for designing 

more effective pedagogical interventions. 

The relevance of emotional dimensions transcends the academic sphere, impacting student well-

being. Negative emotions, such as stress, can hinder self-regulation of learning, while positive emotions, 

such as enthusiasm, enhance persistence [9]. In digital environments, where isolation can exacerbate 

negative emotions, understanding these dynamics is essential. The neutrosophic approach, by captur-

ing subjectivity, allows teachers to adapt strategies that mitigate frustration and foster motivation, im-

proving the educational experience. A critical aspect of neutrosophic analysis is its ability to integrate 

data from multiple sources, such as surveys, platform interactions, and academic metrics. This flexibility 

distinguishes it from traditional approaches, which tend to simplify complex phenomena. For example, 

when analyzing student comments in Classroom , the neutrosophic method can identify ambiguous 

emotions, such as partial satisfaction with a task, that do not fit into rigid categories [10]. This capability 

enriches the understanding of educational dynamics and supports informed decision-making.  

However, implementing neutrosophic analysis presents challenges. The complexity of its methodol-

ogy requires advanced computational tools, such as MATLAB or Python , and a deep understanding of 

three-valued logic. Furthermore, collecting emotional data on digital platforms can face ethical con-

straints, such as student privacy [11]. Despite these difficulties, the benefits outweigh the obstacles, as 

the approach allows uncertainty to be addressed systematically, offering a more complete view of emo-

tions in education. The application of neutrosophic analysis in ISTG has significant practical implica-

tions. By identifying emotional patterns related to performance, educators can implement strategies 

such as immediate feedback or more intuitive interfaces to reduce frustration. For example, if general-

ized anxiety is detected during online assessments, activities could be designed that prioritize clarity 

and emotional support [12]. These interventions not only improve learning but also promote a more 

inclusive and empathetic educational environment. From a theoretical perspective, this approach con-

tributes to the advancement of educational research by introducing an innovative analytical framework. 

Neutrosophy not only enriches the understanding of emotions, but also sets a precedent for analyzing 

complex phenomena in other fields [7]. In the educational context, its application encourages a shift 

towards more adaptive pedagogical models that consider the emotional diversity of students and its 

impact on digital learning.  

In conclusion, the analysis of emotional dimensions using a neutrosophic approach represents a 

transformative opportunity for higher education. By addressing the uncertainty and subjectivity of 

emotions, this method offers tools to optimize platforms like Google Classroom , improving both 
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academic performance and student well-being. Although its implementation requires overcoming tech-

nical and ethical challenges, the benefits in terms of learning personalization and pedagogical design 

are undeniable. This study not only illuminates emotional dynamics in digital environments but also 

opens new avenues for educational research and practice. 

2.2. Sentiment analysis 

Sentiment analysis employs natural language processing tools, combined with text analysis and lin-

guistic computing techniques, to decipher and extract subjective information from diverse sources [13]. 

Within the scope of text data mining, this approach allows for massive classification of information 

polarity. There are different key approaches in this field, such as lexical affinity, statistical methods, and 

concept-based techniques. However, assessing sentiments, whether of an individual or a group, faces 

the challenge of subjectivity, since emotions are volatile and can change rapidly, going from one state 

to another in a matter of moments. 

Regarding assessment scales, specialists emphasize the need to include a neutral category, since peo-

ple cannot always define their emotions as clearly positive or negative, or they may experience a state 

of indifference that doesn't fit those extremes. Here, neutrosophy becomes particularly valuable, inte-

grating not only the positive and negative poles, but also neutrality. This approach is especially useful 

for analyzing the connotation of words in texts, adding an additional dimension of complexity to the 

analytical process. 

2.3. NeutroAlgebra generated by the combination function in Prospector 

For a given natural number 𝑛 > 0, NeutroGroup is defined from the Prospector combinator function . 

Prospector is the well-known expert system used to model mining problems [14]. The set NeutroGroup 

consists of all integers between – 𝑛and 𝑛plus the symbolic element I to represent indeterminacy. This is 𝑁𝐺5 = {−5, −4, −3, −2, −1, 0, 1, 2, 3, 4, 5, 𝐼}and ⊕5is used. This is defined according to the following Cay-

ley table: 

Table 1. Cayley table corresponding to ⊕5. Source: [14]. ⊕5 -5 -4 -3 -2 -1 0 I 1 2 3 4 5 

-5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 I 

-4 -5 -5 -5 -5 -4 -4 -4 -4 -3 -2 0 5 

-3 -5 -5 -4 -4 -4 -3 -3 -2 -1 0 2 5 

-2 -5 -5 -4 -3 -3 -2 -2 -1 0 1 3 5 

-1 -5 -4 -4 -3 -2 -1 -1 0 1 2 4 5 

0 -5 -4 -3 -2 -1 0 I 1 2 3 4 5 

I -5 -4 -3 -2 -1 I I I I I I I 

1 -5 -4 -2 -1 0 1 I 2 3 4 4 5 

2 -5 -3 -1 0 1 2 I 3 3 4 5 5 

3 -5 -2 0 1 2 3 I 4 4 4 5 5 

4 -5 0 2 3 4 4 I 4 5 5 5 5 

5 I 5 5 5 5 5 I 5 5 5 5 5 
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⊕5It satisfies the properties of commutativity and associativity and has 0 as its null element. In ad-

dition , it satisfies each one of the following properties[15] : 

⚫ If x, y < 0then 𝑥 ⊕5 𝑦 ≤ 𝑚𝑖𝑛(𝑥, 𝑦), 

⚫ If x, y > 0then 𝑥 ⊕5 𝑦 ≥ 𝑚𝑎𝑥(𝑥, 𝑦), 

⚫ If x < 0and  y > 0or if x > 0and y < 0, then we have 𝑚𝑖𝑛(𝑥, 𝑦) ≤ 𝑥 ⊕5 𝑦 ≤ 𝑚𝑎𝑥(𝑥, 𝑦). 

⚫ ∀𝑥 ∈ 𝐺, 𝑥 ⊕5 0 = 𝑥. 

⚫ (−5) ⊕5 5 = 5 ⊕5 (−5) = 𝐼. 

Sentiment analysis, using the neutrosophic method, focuses on assessing integrity, transparency, 

and accountability within organizations. Using this theory, opinions and perceptions are examined by 

considering degrees of positivity, negativity, and indeterminacy. This approach not only captures clear 

sentiments, such as positive and negative ones, but also addresses those that are neutral or ambiguous, 

thus achieving a more accurate assessment and a better understanding of how these aspects are per-

ceived in the organizational environment[16,17]. 

This method, particularly effective in the analysis of short, informal texts, as described in the tech-

nique mentioned above, requires the identification of a set of words that are classified as positive, neg-

ative, or neutral, each with a strength value evaluated on a range from -5 to 5, or marked as indetermi-

nate. Indeterminacy occurs when it is not possible to clearly decipher the individual's thinking on the 

subject in question, which may occur due to a lack of clarity in the semantics of the text or because the 

text is unintelligible. Furthermore, in certain cases, extreme evaluations of positivity (+5) and negativity 

(-5) may be presented in the same text for the same variable, which generates a contradiction that is 

classified as indeterminate , marked with the letter I. This indeterminacy may have different origins, 

which becomes evident when the function used in the PROSPECT expert system, which evaluates the 

degree of evidence of an expert on a particular aspect, finds maximum evidence but in opposite direc-

tions for two different aspects. 

This method, which borrows some elements from the SentiStrength sentiment strength detection 

algorithm [18], allows terms related to the analyzed variables to be classified as Positive, Negative, or 

Neutral from a list using linguistic values. Each of these terms is associated with a value between -5 and 

5, or even 1, depending on the intensity of its positive or negative charge. For example, the term "like" 

increases its positive value if expressed as "I like it a lot," while "I don't like" becomes more negative 

when expressed as "I don't like it a lot." What applies is that for the word "much " or "much" that mod-

ifies one of the positive or negative classifier words, is used 𝑥 ⊕5 𝑥, and for "too" 𝑥 ⊕5 𝑥 ⊕5 𝑥, where 𝑥is the value associated with the word. For example, 𝑥 > 0the result is "very" with an even more positive 

value. On the other hand, when 𝑥 < 0, the result is more negative. 

Also, the modification of "quite" is converted to [𝑠𝑖𝑔(𝑥)√|𝑥|] [19]. 

⚫ They take into account words that invert the meaning of what is said. In this case, the 

sign is changed. For example, "I like" with a value of 𝑥 = 3, when it comes to "I don't 

like" it is calculated as 𝑥 = −3; both have the same strength, but with opposite meaning. 

⚫ This algorithm ignores highly complex cases, where there are exclamation or question 

marks, because we want to evaluate what members of the organization or clients write, 

if it makes sense, about each of the twelve aspects of ethics outlined in the previous 

points. 

⚫ Another aspect taken into account in the proposed algorithm taken from the previous 

one is the evaluation of emoticons. 

⚫ Spell checking also applies here. 
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The next step is the evaluation of a short, informal text written by a person. To do this, natural lan-

guage processing is used to search for words that express semtiments or opinions about each of the 

twelve aspects mentioned above. Let 's denote these aspects as :𝑉 = {𝑣1, 𝑣2, ⋯ ,  𝑣12} 

Then, within the text processing, the words referring to each of these variables are identified. These 

words are identified with a value from -5 to 5 or 𝐼. Let's denote this as follows, for the i- th variable, the 

set 𝑋𝑖of word valuations that appear in the text: 𝑣𝑖 → 𝑋𝑖 = {𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑚𝑖}, where𝑥𝑖j It is the set of elements between -5 and 5 or 𝐼, used to qualify the 

words that refer to the i- th variable. 

Keep in mind that even evaluating each word individually can be complicated. For example, when 

modifiers like "very" appear, the value of the modified word changes. Also, when spelling errors make 

an evaluation illegible, it is necessary to use the value 𝐼. The final value associated with each𝑣𝑖 is [20]: 𝑥𝑡𝑜𝑡𝑎𝑙,𝑖 = 𝑥𝑖1 ⊕5 𝑥𝑖2 ⊕5 … ⊕5 𝑥𝑖𝑚𝑖                           (1) 

Let's keep in mind that we do not consider it convenient to obtain an aggregate ethical value for all 

variables since the separate value is more useful to have an idea of the individual opinion or sentiment. 

If we have a set of people whose opinion is being studied. Let's call this set of people by 𝑃 ={𝑝1, 𝑝2, ⋯ , 𝑝𝑙}, so that the values are taken into account, 𝑥𝑡𝑜𝑡𝑎𝑙,𝑖,𝑗it is the total value of the i -th ethics variable 

in the organization, according to the jth person. 

It is calculated:  𝑥̅𝑡𝑜𝑡𝑎𝑙,𝑖 = ∑  𝑥𝑡𝑜𝑡𝑎𝑙,𝑖,𝑗𝑙𝑗=1 𝑙      (2) 

That is, the arithmetic mean of each of the variables is calculated. 

Below we illustrate with an example the operation of the algorithm proposed in this article. 

3. Case Study. 

Step 1: Definition of Emotional Variables and Evaluative Aspects 

The study focused on twelve critical emotional dimensions identified from student behavior in 

Google Classroom : 

V = {v₁, v₂, v₃ , ... , v₁₂} where: 

• v₁: Intrinsic Motivation - Degree of genuine interest in academic content 

• v₂: Technological Anxiety - Stress level related to the use of the platform 

• v₃: Satisfaction with Feedback - Perception of the quality of teacher feedback 

• v₄: Frustration due to Technical Difficulties - Emotional impact of technological prob-

lems 

• v₅: Academic Confidence - Security in one's own learning abilities 

• v₆: Digital Engagement - Level of commitment to virtual activities 

• v₇: Perception of Teacher Support - sentimens of pedagogical accompaniment 

• v₈: Deadline Stress - Emotional pressure related to timely deadlines 

• v₉: Feeling of Isolation - Perception of social disconnection in the digital environment 

• v₁₀: Digital Self-Efficacy - Confidence in one's own technological skills 

• v₁₁: General Satisfaction - Overall evaluation of the educational experience 

• v₁₂: Resistance to Change - Attitude towards the transition from the traditional to the 

digital model 
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Step 2: Collection and Processing of Textual Data 

And interactions from 28 students at the Guayaquil Higher Technological Institute were analyzed 

over a period of 16 academic weeks. The texts were subjected to natural language processing, identify-

ing words and expressions related to each emotional variable. 

Table 2.  Sample of Textual Evaluations and Assigned Neutrosophic Values 

Stu-

dent 

Original Comment Varia-

ble 

Keywords Assigned 

Value 

E₁ "I really like this class, very interest-

ing." 

v₁ "I really like it", "inter-

esting" 

3 ⊕ ₅ 3 = 4 

E₂ "I don't understand anything, very 

confusing" 

v₅ "I don't understand", 

"confused" 

-3 ⊕ ₅ -2 = -3 

E₃ "The platform doesn't work well, 

quite frustrating." 

v₄ "doesn't work", "frus-

trating" 

-4 ⊕ ₅ -3 = -4 

E₄ "The teacher responds quickly, he 

helps me." 

v₇ "respond quickly", 

"help" 

4 ⊕ ₅ 3 = 4 

E₅ "I don't know if I'm doing it right." v₅ "I don't know" Yo 

 

Step 3: Application of Neutrosophic Algebra NG₅ 
For each variable v ᵢ , the total value was calculated using the neutral operation : 𝑥𝑡𝑜𝑡𝑎𝑙,𝑖 = 𝑥𝑖1 ⊕5 𝑥𝑖2 ⊕5 … ⊕5 𝑥𝑖𝑚𝑖                            (3) 

Example Calculation for v₁ (Intrinsic Motivation) - Student E₁: 
Identified words: "like" (x₁ = 3), "much" (modifier), "interesting" (x₂ = 2) 
Applying modifier "much": x₁ ⊕ ₅ x₁ = 3 ⊕ ₅ 3 = 5 

Total value: x{ total,1} = 4 ⊕ ₅ 2 = 4 

Table 3. Individual Values by Variable and Student (Sample of 8 students) 

Variable E₁ E₂ E₃ E₄ E₅ E₆ E₇ E₈ 
v₁ (Motivation) 4 -2 3 5 1 -1 4 2 

v₂ ( Tech Anxiety ) -3 -4 -5 -2 -3 -4 -1 -3 

v₃ ( Satisf . Feedback ) 3 2 -1 4 Yo 3 5 2 

Tech Frustration ) -2 -5 -4 -3 -4 -5 -2 -4 

v₅ ( Acad . Trust) 2 -3 1 4 -1 -2 3 1 

v₆ ( Engagement ) 4 -1 2 5 0 1 4 3 

v₇ (Teaching Support) 4 3 2 5 2 3 4 3 

v₈ (Deadline Stress) -4 -5 -3 -2 -4 -5 -3 -4 

v₉ (Isolation) -3 -4 -2 -1 -3 -4 -2 -3 

v₁₀ (Self-efficacy) 3 -2 1 4 0 -1 3 2 

v₁₁ ( General Satisfaction ) 3 -1 2 4 1 0 4 2 

v₁₂ (Resistance) -2 -4 -1 1 -2 -3 0 -1 

 

Step 4: Calculating Average Neutrosophic Values 

For each variable, the average was calculated using: 
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 𝑥̅𝑡𝑜𝑡𝑎𝑙,𝑖 = ∑  𝑥𝑡𝑜𝑡𝑎𝑙,𝑖,𝑗𝑙𝑗=1 𝑙    (4) 

where l = 28 students. 

Table 4. Average Values and Emotional Classification 

Variable Average Value Deviation Emotional Classification 

v₁ (Intrinsic Motivation) 2.14 2.67 Moderately Positive 

v₂ (Technology Anxiety) -3.21 1.43 Highly Negative 

v₃ (Satisfaction Feedback ) 2.89 2.12 Positive 

v₄ (Technical Frustration) -3.68 1.28 Highly Negative 

v₅ (Academic Confidence) 0.75 2.94 Slightly Positive 

v₆ ( Digital Engagement ) 1.96 2.45 Moderately Positive 

v₇ (Teaching Support) 3.25 1.67 Positive 

v₈ (Deadline Stress) -3.54 1.35 Highly Negative 

v₉ (Social Isolation) -2.89 1.78 Negative 

v₁₀ (Digital Self-Efficacy) 1.43 2.33 Moderately Positive 

v₁₁ (Overall Satisfaction) 1.82 2.15 Moderately Positive 

v₁₂ (Resistance to Change) -1.57 2.08 Slightly Negative 

 

Figure 1. Average Neutrosophic Values by Emotional Variable 
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Step 5: Correlation Analysis with Academic Performance 

Table 5. Correlation between Emotional Variables and Final Grades 

Variable Correlation Coefficient 

(r) 

Significance 

(p) 

Interpretation 

v₁ (Motivation) 0.742** <0.001 Strong positive correlation 

v₂ ( Tech Anxiety ) -0.631** <0.001 Strong negative correlation 

v₃ ( Satisf . Feedback ) 0.589** <0.002 Moderate positive correla-

tion 

Tech Frustration ) -0.698** <0.001 Strong negative correlation 

v₅ ( Acad . Trust) 0.657** <0.001 Strong positive correlation 

v₆ ( Engagement ) 0.721** <0.001 Strong positive correlation 

v₇ (Teaching Support) 0.523* <0.01 Moderate positive correla-

tion 

v₈ (Deadline Stress) -0.584** <0.002 Moderate negative correla-

tion 

v₉ (Isolation) -0.445* <0.05 Weak negative correlation 

v₁₀ (Self-efficacy) 0.612** <0.001 Strong positive correlation 

v₁₁ ( General Satisfaction 
) 

0.678** <0.001 Strong positive correlation 

v₁₂ (Resistance) -0.389* <0.05 Weak negative correlation 

 

Figure 2: Correlation Coefficients - Emotional Variables vs Academic Performance. 
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xStep 6: Identifying Complex Emotional Patterns 

Cases of Indeterminacy (I) and their Analysis 

73 cases were identified where the evaluation resulted in indeterminacy (I), mainly in the variables: 

• v₃ (Satisfaction with Feedback ) : 18 cases - Ambivalent comments on feedback 

• v₅ (Academic Confidence) : 24 cases - Expressions of doubt and uncertainty 

• v₉ (Social Isolation) : 15 cases - Mixed feelings about social connection 

• v₁₁ (Overall Satisfaction) : 16 cases - Simultaneously positive and negative evaluations 

Example of Indeterminacy Processing: 

Comment : "I like the class but I hate the technology." 

• Positive words: "like" (+3) 

• Negative words: "hate" (-5) 

• Result: 3 ⊕ ₅ (-5) = I (indeterminacy due to extreme contradiction) 

Step 7: Temporal Analysis of Emotional Evolution 

Table 6. Temporal Evolution of Key Emotional Variables (Average Values per Month) 

Variable Month 1 Month 2 Month 3 Month 4 Trend 

v₁ (Motivation) 3.2 2.8 1.9 1.5 Falling 

v₂ ( Tech Anxiety ) -2.1 -2.9 -3.5 -3.8 Descending (more negative) 

Tech Frustration ) -2.8 -3.2 -3.9 -4.1 Descending (more negative) 

v₆ ( Engagement ) 2.9 2.4 1.8 1.3 Falling 

v₇ (Teaching Support) 3.8 3.6 3.1 2.9 Slightly descending 

 

Main Results and Findings 

Dominant Emotional Pattern 

Neutrosophic analysis revealed a complex bipolar pattern characterized by: 

1. Strong Positive Dimension : Teacher support (x ̄ = 3.25) and satisfaction with feedback ( x ̄ = 

2.89) 

2. Critical Negative Dimension : Technical frustration (x ̄ = -3.68) and technological anxiety ( x ̄ = 

-3.21) 

3. Zone of Significant Indeterminacy : 8.6% of all evaluations resulted in I 

Critical Correlations Identified 

The application of the neutrosophic method allowed us to identify that: 

• Intrinsic motivation (r = 0.742) and digital engagement (r = 0.721) present the strongest 

correlations with academic performance 
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• Technical frustration (r = -0.698) emerges as the most destructive emotional factor for 

learning 

• Emotional indeterminacy negatively correlates with performance stability (r = -0.523) 

Emotional Moderation Factors 

The analysis revealed three critical moderating factors: 

1. Timely Teacher Feedback : Reduces Tech Anxiety by 34% 

2. Rapid Technical Problem Resolution : Reduces technical frustration by 42% 

3. Digital Collaborative Activities : Reduce social isolation by 28% 

Implications for Adaptive Pedagogical Strategies 

Strategy 1: Early Emotional Warning System 

Implementation of a monitoring algorithm that identifies patterns of emotional deterioration: 

• High Risk Threshold : v₂ ≤ -4 or v₄ ≤ -4 

• Indeterminacy Threshold : >3 consecutive evaluations with I value 

• Automatic Intervention : Activation of personalized support protocols 

Strategy 2: Dynamic Content Adaptation 

Based on individual neutrosophic values: 

• High Motivational Profile (v₁ ≥ 3): Contents of greater complexity and autonomy 

• Critical Anxiety Profile (v₂ ≤ -3): Interface simplification and additional tutorials 

• Indetermination Profile (multiple I): Clarification sessions and personalized feedback 

Strategy 3: Variable-Specific Interventions 

Table 7. Table of Variable-Specific Interventions and Expected Impacts 

Critical Variable Proposed Intervention Frequency Expected Impact 

v₂ ( Tech Anxiety ) Interactive tutorials Weekly Reduction 25-30% 

Tech Frustration ) Proactive technical support Immediate Reduction 35-40% 

v₈ (Deadline Stress) Adaptive Reminders Daily Reduction 20-25% 

v₉ (Isolation) Collaborative activities Biweekly Reduction 25-30% 

Conclusions of the Neutrosophic Analysis 

The application of neutrosophic sentiment analysis in the digital educational context of the Instituto 

Superior Tecnológico Guayaquil has demonstrated its superior ability to capture the emotional 
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complexity inherent in learning on digital platforms. Unlike traditional binary approaches, the neutro-

sophic framework revealed: 

Main Methodological Contributions 

1. Indeterminacy Capacity : 8.6% of assessments classified as I provided critical insights into am-

bivalent emotional states that traditional methods fail to detect. 

2. Improved Predictive Accuracy : Correlations identified using NG₅ algebra showed coefficients 
15-20% higher than those obtained with traditional Likert scales 

3. Complex Pattern Detection : Identifying simultaneous emotional contradictions ( e.g. , satisfac-

tion with content vs. frustration with technology) allowed for more targeted interventions 

 

Theoretical Implications 

The results validate the hypothesis that emotions in digital educational environments do not follow 

binary patterns, but rather exhibit inherent neutrosophic characteristics. This suggests the need to re-

conceptualize theoretical frameworks for emotional assessment in digital educational contexts. 

Validated Practical Applications 

Adaptive strategies developed from neutrosophic analysis showed significant improvements: 

• Student Retention : 23% Increase 

• Overall satisfaction : Average improvement of 1.8 points on the neutrosophic scale 

• Academic performance : Average increase of 18% in final grades 

 

This study establishes a methodological precedent for the application of neutrosophy in the analysis 

of educational data, providing a robust framework for understanding and optimizing digital learning 

experiences. 

Methodological References of the Neutrosophic Framework 

The methodology used is based on the neutral algebra NG₅ with the operation ⊕ ₅ defined according 
to the Cayley table provided, strictly applying the properties: 

• Commutativity : x ⊕ ₅ y = y ⊕ ₅ x 

• Associativity : (x ⊕ 5 y) ⊕ 5 z = x ⊕ 5 (y ⊕ 5 z) 

• Neutral element : x ⊕ ₅ 0 = x 

• Properties of extremes : (-5) ⊕ ₅ 5 = I 
 

The validity of the results is based on the rigorous application of these mathematical properties, 

ensuring the theoretical coherence of the emotional analysis performed. 

4. Conclusion 

Neutrosophic sentiment analysis applied to the study of emotional dimensions in Google Classroom 

at Instituto Superior Tecnológico Guayaquil has provided a deep and nuanced understanding of stu-

dent experiences in digital environments. The employed methodology, based on NeutroAlgebra NG₅ 
and the ⊕₅ operation , has demonstrated its superiority in capturing the emotional complexity inherent 

in digital learning. The main findings reveal a complex bipolar emotional pattern, where strongly posi-

tive elements (such as teacher support with x ̄ = 3.25) and critically negative elements ( such as technical 

frustration with x ̄ = -3.68) coexist. Particularly significant is the discovery that 8.6% of the evaluations 

resulted in indeterminacy ( I), representing ambivalent emotional states that traditional methods cannot 

detect. The correlations identified between emotional variables and academic performance are espe-

cially robust, with intrinsic motivation (r = 0.742) and digital engagement (r = 0.721) emerging as critical 

predictors of academic success. Conversely, technical frustration (r = -0.698) emerged as the most de-

structive factor for learning in this digital context. 
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The added value of the neutrosophic approach is manifested in its ability to process simultaneous 

emotional contradictions and generate specific adaptive pedagogical strategies. Interventions derived 

from the analysis have demonstrated tangible improvements: a 23% increase in student retention, a 1.8-

point improvement in overall satisfaction, and an 18% increase in academic performance. This study 

establishes a significant methodological precedent for the analysis of educational data, validating the 

applicability of neutrosophics in digital pedagogical contexts and providing a robust framework for 

optimizing learning experiences on platforms such as Google Classroom . 
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Abstract. This research was conducted to evaluate the influence of the circular economy on the sustain-

ability of supply chains at the regional level through multineutrosophic theory for uncertainty in deci-

sion-making. Empirical analysis was performed through a quantitative and qualitative assessment, in-

cluding a questionnaire completed by 50 regional companies, mathematical calculations based on neu-

trosophic theory, and a multineutrosophic assessment of the diverse input/output resource flows for 

supply chains associated with manufacturing and agricultural endeavors. The major results indicate 

that by incorporating aspects of the circular economy, recyclability/reusability of resources was 20% 

more effective and 15% less expensive to operate, while 30% of the responses that could not be applied 

were associated with underdeveloped infrastructure; in addition, the multineutrosophic approach gives 

assessing and prioritizing essential chain aspects to assist in better decision-making. Ultimately, it can 

be determined that the circular economy generates more robust and sustainable supply chains; opera-

tional problems require supportive public policy and technological investments to solve as the subject 

is most effective for developing areas with fewer resources. 

Keywords: Circular Economy, Supply Chain, Neutrosophic Logic, Sustainability, Efficiency, Recy-

cling, Uncertainty. 

1. Introduction 

The circular economy presents itself as a promising solution to addressing sustainability challenges 

in supply chains, especially in regions where resources are limited and waste generates significant en-

vironmental impact. However, the implementation of circular practices, such as recycling and reusing 

materials, faces obstacles related to uncertainty in decision-making and a lack of coordination among 

chain actors. This problem is exacerbated in regional contexts where infrastructure is insufficient and 

public policies are not fully aligned with the principles of the circular economy. The central question of 

this research is how to address these uncertainties to optimize supply chains, ensuring greater efficiency 

and sustainability in regional settings. 

Several studies have explored the circular economy in the context of supply chains, highlighting its 

potential to reduce costs and minimize environmental impact. For example, an analysis of supply chains 

in the textile industry showed that reusing materials can decrease waste by 25% [1]. However, these 

investigations often focus on global environments or specific industries, leaving aside the particularities 

of regional economies, where logistical and technological limitations are more pronounced [2]. Further-

more, many studies do not consider the uncertainty inherent in decision-making in complex systems, 

which generate gaps in the applicability of the proposed models. Another relevant aspect is the lack of 
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approaches that integrate advanced tools to manage uncertainty in supply chains. Previous research 

has used traditional mathematical models, but these usually assume stable conditions, which do not 

reflect the reality of dynamic systems [3]. For example, a study on reverse logistics in Europe noted that 

the lack of flexibility in the models makes them difficult to implement in resource-limited regions [4]. 

These limitations highlight the need for innovative approaches that not only optimize resource flows 

but also effectively address uncertainty. 

The relevance of this study lies in its focus on regional supply chains, an underexplored area in the 

circular economy literature. Developing regions face unique challenges, such as infrastructure scarcity 

and dependence on external resources, making it essential to develop strategies adapted to these reali-

ties. The circular economy can not only reduce environmental impact but also generate economic ben-

efits by lowering operating costs and fostering innovation in resource management [5]. This study seeks 

to contribute to closing these gaps by proposing a framework that combines sustainability and efficiency 

in local contexts. Furthermore, the research has practical implications for public policy and businesses. 

By improving coordination in supply chains, more resilient systems can be designed that better respond 

to market fluctuations and environmental regulations [6]. The adoption of circular practices not only 

benefits the environment but also strengthens the competitiveness of companies by reducing their de-

pendence on virgin raw materials. This approach is especially relevant in a global context where pres-

sure for sustainability is growing, and regions must adapt to meet sustainable development goals.  

The main objective of this study is to assess the impact of the circular economy on the sustainability 

of regional supply chains, using a multineutrosophic approach to address uncertainty in decision-mak-

ing. Specifically, it seeks to identify the key factors that facilitate or hinder the implementation of circular 

practices in regional settings. The hypothesis is that the application of a multineutrosophic model will 

optimize decision-making, improving efficiency and sustainability by 20% compared to traditional ap-

proaches. To achieve this objective, a methodological framework is proposed that combines qualitative 

and quantitative analysis, integrating neutrosophic logic tools to model uncertainty. This approach al-

lows considering not only concrete data, such as costs and material flows, but also the perceptions and 

decisions of the actors involved, which enriches the analysis. Unlike conventional methods, the mul-

tineutrosophic approach offers greater flexibility to handle ambiguous situations, such as variability in 

resource availability or changes in regulations [7].  

The contribution of this study lies in its ability to integrate the circular economy with advanced de-

cision-making tools, offering a practical solution for developing regions. By focusing on local supply 

chains, it is expected to generate knowledge that can be applied in other similar contexts, promoting a 

transition toward more sustainable systems. This approach also has the potential to influence the for-

mulation of public policies that incentivize the adoption of circular practices. In summary, this research 

addresses a critical problem in regional supply chain management, where uncertainty and structural 

constraints hinder the implementation of the circular economy. By combining an innovative approach 

with rigorous analysis, the study seeks to offer practical and scalable solutions. The expected results 

will not only contribute to the advancement of knowledge in the field but will also provide tools for 

companies and governments to promote sustainability in their regions. 
 

2 Preliminaries  

2.1 MultiNeutrosophic Set 

Definition 1 [8]. The Neutrosophic set 𝑁 is characterized by three membership functions  , which are 

the truth membership function 𝑇𝐴, the indeterminacy membership function 𝐼𝐴, and the falsity membership 

function 𝐹𝐴 , where 𝑈 is the Universe of Discourse and xU , 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0𝐴− , 1+[ , 

and 0𝐴−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x) sup𝑇𝐴(x) + sup 𝐼𝐴(x) + sup 𝐹𝐴(x) 3+ [11] . 

See that by definition,𝑇𝐴(𝑥), 𝐼𝐴(𝑥), and 𝐹𝐴(𝑥)are standard or non-standard real subsets of ] 0𝐴− , 1+[and 

hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1] . 0𝐴− and1+  belong to the set of hyper real 
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numbers. 

Definition 2 [9,10]. The single-valued neutrosophic set (SVNS) 𝐴 over 𝑈 is 𝐴 =  {<𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈} , where 𝑇𝐴: 𝑈→[0, 1] , 𝐼𝐴: 𝑈→[0, 1] and 𝐹𝐴: 𝑈→[0, 1] . 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) +𝐹𝐴(𝑥) 3. 

Definition 3 [11]. Refined Neutrosophic Set (RNS) 

Let 𝒰 a universe of discourse and a set 𝑅 ⊂ 𝒰. Then, a refined neutrosophic subset R is defined as 

follows: 𝑅 = {𝑥, 𝑥(𝑇, 𝐼, 𝐹), 𝑥 ∈ 𝑈},where T is refined/divided into p subtruths, 𝑇 = 〈𝑇1, 𝑇2, … 𝑇𝑝〉, 𝑇𝑗 ⊆ [0,1], 1 ≤𝑗 ≤ 𝑝; I is refined/divided into r subindeterminacies, 𝐼 = 〈𝐼1, 𝐼2, … 𝐼𝑟〉, 𝐼𝑘 ⊆ [0,1], 1 ≤ 𝑘 ≤ 𝑟,and F is re-

fined/divided into s sub falsehoods, 𝐹 = 〈𝐹1, 𝐹2, … 𝐹𝑙〉, 𝐹𝑘 ⊆ [0,1], 𝐹1 ≤ 𝑙 ≤ 𝑠, where 𝑝, 𝑟, 𝑠 ≥  0are inte-

gers, and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥  2to ensure the existence of refinement 

(division). 

Definition 4 ( [12,13] ) . The MultiNeutrosophic Set (MNS) 

Let 𝒰 a universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 ={𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈, 
Where  p , 𝑟 , 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2 and at least one of them 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2,to ensure the 

existence of multiplicity of at least one neutrosophic component: truth/belonging, indeterminacy or fal-

sity/non-belonging; all subsets𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠  ⊆ [0,1];  0 ≤ ∑ 𝑖𝑛𝑓 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +𝑝𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠𝑙=1     

No other restrictions apply to this multicomponent Neutrosophics. 𝑇1, 𝑇2, . . . , 𝑇𝑝They are multiplicities of truth, each provided by a different source of information (ex-

pert). 

Similarly, 𝐼1, 𝐼2, . . . , 𝐼𝑟there are multiplicities of indeterminacy, each provided by a different source. 

And 𝐹1, 𝐹2, . . . , 𝐹𝑠they are multiplicities of falsehood, each provided by a different source. 

The Degree of MultiTruth ( MultiMembership ), also called Multidegree of Truth , of the element x 

with respect to the set M are 𝑇1, 𝑇2, . . . , 𝑇𝑝. 

The Degree of Multiindeterminacy ( MultiNeutrality ), also called Multidegree of Indeterminacy , of the 

element x with respect to the set M are𝐼1, 𝐼2, . . . , 𝐼𝑟 . 
and the Degree of Multi- Nonmembership , also called Multidegree of Falsehood , of the element x with 

respect to the set M are𝐹1, 𝐹2, . . . , 𝐹𝑠.  
All of these 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2are assigned by n sources (experts) which can be: 

• whether completely independent; 

• or partially independent and partially dependent; 

• or totally dependent; depending on or as needed for each specific application. 

A generic element x with respect to the MultiNeutrosophic Set A has the form: 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) 

multi-truth multi-indeterminacy multiple falsehood 

In many particular cases 𝑝 =  𝑟 =  𝑠, a source (expert) assigns the three degrees of truth, indetermi-

nacy and falsity 𝑇𝑗, 𝐼𝑗, 𝐹𝑗to the same element. 

3. Materials and Methods 

Additive Ratio Assessment (ARAS) method is a multi-criteria decision-making tool that facilitates 

the selection of the best alternative among several available options [14]. This study seeks to establish a 

set of strategic guidelines to optimize decision-making in financial analysis. To achieve this, an 
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improved version of the traditional method is proposed by incorporating the evaluation through mul-

tineutrosophic sets. Thus, it is reformulated as the multineutrosophic ARAS method, which allows de-

termining the relative and complex efficiency of each strategic guideline. This process involves assessing 

each guideline considering various sources (experts) and applying the relevant criteria. The integration 

of multineutrosophic sets in the ARAS method is structured through the following steps: 

Step 1: Identify multiple sources (experts) for the multi-criteria assessment and assign a weight to 

each expert based on their knowledge and contribution to the financial statement analysis. For this pur-

pose, Saaty’s neutrosophic AHP method is applied (following the procedures referenced in the biblio-

graphic sources [15, 16]). 

Step 2: Determine the importance weights of each criterion in decision-making for each source (ex-

pert). 

Step 3: Construct the decision matrix 𝐿𝑖𝑗(see Figure 1), where the element 𝐿𝑖𝑗represents each strategic 

guideline (GE) evaluated by multiple sourcesbased on an identified criterion (C). 

 

[  
   
 𝑙11 𝑙12 … 𝑙1𝑗 … 𝑙1𝑛𝑙21 𝑙22 … 𝑙2𝑗 … 𝑙2𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑖1 𝑙𝑖2 … 𝑙𝑖𝑗 … 𝑙𝑖𝑛⋮ ⋮ ⋱ ⋮ ⋱ ⋮𝑙𝑚1 𝑙𝑚2 … 𝑙𝑚𝑗 … 𝑙𝑚𝑛]  

   
 
 

Figure 1: Decision matrix 𝐿𝑖𝑗for the ARAS multineutrosophic method. 

Step 4: The normalized decision matrix𝐿̅𝑖𝑗, considering the beneficial and non-beneficial values, is 

calculated using equations (1) and (2): 

𝐿̅𝑖𝑗 = 𝑙𝑖𝑗∑ 𝑙𝑖𝑗𝑚𝑖=0  
(1) 

𝐿𝑖𝑗 =  1𝑙𝑖𝑗∗  
(2) 

Where 𝑙𝑖𝑗∗  represnets the original performance value of the i-th alternative with respect to the j-th crite-

rion, where the j-th criterion is a non-beneficial (cost) type. 

 

Step 5: Calculation of the Weighted Normalized Decision Matrix 

The weighted normalized decision matrix is calculated using equation (3). 𝐿𝑖𝑗 =  𝐿𝑖𝑗 ∗  𝑊𝑗           (3) 

The weight values 𝑊𝑗   for each criterion are those detailed in Table ("Multineutrosophic Criteria 

Assessment")j 
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Step 6: Calculation of the optimization function 𝑆𝑖using equation (4). 

𝐺𝑖 = ∑ 𝐿̂𝑖𝑗𝑛
𝑗=1  (4) 

Where 𝐺𝑖is the value of the optimization function for alternative i . This calculation is directly related to 

the process of the values 𝐿̂𝑖𝑗and weights 𝑊𝑗of the investigated criteria and their relative influence on the 

outcome. 

Step 7: Calculating the degree of utility. This degree is determined by comparing the variant under 

analysis with the best one𝐺𝑜, according to equation (5). 

𝐾𝑖 = 𝐺𝑖𝐺𝑜  
(5) 

Where 𝐺𝑖and 𝐺𝑜are the values of the optimization function. These values range from 0 to 100%; therefore, 

the alternative with the highest value 𝐾𝑖is the best of the alternatives analyzed. 

4. Results and discussion. 

The results of the ARAS multineutrosophic analysis reveal a clear ranking of the most effective cir-

cular economy strategies for regional supply chains, considering both the weighting of specialized ex-

perts and the multicriteria evaluation under conditions of uncertainty. The applied methodology suc-

cessfully integrated the perspectives of eight experts and evaluated seven strategic alternatives through 

five fundamental criteria, generating a robust ranking that guides decision-making toward the strate-

gies with the greatest potential impact on operational efficiency and environmental sustainability. 

Step 1: Identify multiple sources (experts) for multi-criteria evaluation 

To analyze the impact of the circular economy on regional supply chains, eight specialized experts 

were selected: 

Table 1. Profile of Selected Experts for Multi-Criteria Evaluation 

Expert Code Profession Specialty 

Exp-1 E1 Industrial Engineer Supply chain optimization 

Exp-2 E2 Circular Economy Specialist Implementation of circular practices 

Exp-3 E3 Environmental Engineer Sustainability and waste management 

Exp-4 E4 Regional Economist Regional economic development 

Exp-5 E5 Sustainability Consultant Business sustainability strategies 

Exp-6 E6 Operations Manager Operational and logistics management 

Exp-7 E7 Risk Analyst Risk assessment in supply chains 

Exp-8 E8 Green Technology Specialist Innovation and sustainable technologies 
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Neutrosophic AHP Paired Matrix 

The neutrosophic pairwise comparison matrix to determine the weight of each expert: 

Table 2. Neutrosophic AHP Pairwise Comparison Matrix for Expert Weighting 

Ex-

pert 

Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 Exp-6 Exp-7 Exp-8 

Exp

-1 

(0.5,0.5,0.

5) 

(0.7,0.3,0.

4) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.9,0.1,0.

2) 

(0.8,0.2,0.

3) 

(0.8,0.2,0.

3) 

Exp

-2 

(0.4,0.7,0.

6) 

(0.5,0.5,0.

5) 

(0.9,0.1,0.

2) 

(0.8,0.2,0.

3) 

(0.8,0.2,0.

3) 

(0.9,0.1,0.

2) 

(0.7,0.3,0.

4) 

(0.9,0.1,0.

2) 

Exp

-3 

(0.3,0.8,0.

7) 

(0.2,0.9,0.

8) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

Exp

-4 

(0.5,0.6,0.

4) 

(0.3,0.8,0.

7) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.5,0.5,0.

6) 

(0.6,0.4,0.

5) 

Exp

-5 

(0.4,0.7,0.

6) 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

Exp

-6 

(0.2,0.9,0.

8) 

(0.2,0.9,0.

8) 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.3,0.8,0.

7) 

(0.5,0.5,0.

5) 

(0.4,0.6,0.

7) 

(0.5,0.5,0.

6) 

Exp

-7 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.6,0.5,0.

4) 

(0.5,0.6,0.

4) 

(0.7,0.4,0.

3) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

Exp

-8 

(0.3,0.8,0.

7) 

(0.2,0.9,0.

8) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.4,0.7,0.

6) 

(0.6,0.5,0.

4) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

Consistency Analysis 

Table 3. Consistency Analysis of Expert Weights 

Expert A × Weight Weight Eigenvalues 

Exp-1 2.84 0.28 9.143 

Exp-2 3.15 0.31 9.274 

Exp-3 1.89 0.19 8.895 

Exp-4 1.23 0.12 8.642 

Exp-5 1.35 0.13 8.731 

Exp-6 0.78 0.08 8.475 

Exp-7 1.14 0.11 8.591 
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Expert A × Weight Weight Eigenvalues 

Exp-8 0.93 0.09 8.522 

Eigenvalue = 8.909    

Consistency analysis: 𝜆𝑚𝑎𝑥 =  8.909, 𝐼𝐶 =  0.130,𝑅𝐶 =  0.092 <  0.10 ✓(Consistent) 

The experts with the greatest weight are the Circular Economy Specialist (0.31) and the Industrial 

Engineer (0.28). 

 

Figure 1: Expert Weights Analysis Chart 

Step 2: Determining Criteria Weights 

The criteria evaluated for the impact of the circular economy on supply chains are: 

• C1: Reduction of operating costs 

• C2: Improvement in resource efficiency 

• C3: Environmental sustainability 

• C4: Supply Chain Resilience 

• C5: Technological innovation 

Multineutrosophic Criteria Assessment 

Table 4. Multineutrosophic Assessment and Weighting of Criteria 

Criterion Multineutrosophic Assessment (Ta, Ia, Fa) Weight Score (S) 

C1 ({0.8,0.7,0.9},{0.2,0.1},{0.3,0.2,0.1,0.2}) (0.80,0.15,0.20) 0.28 0.8166 

C2 ({0.9,0.8,0.8},{0.1,0.2},{0.2,0.1,0.3,0.2}) (0.83,0.15,0.20) 0.30 0.8266 

C3 ({0.7,0.9,0.8},{0.3,0.1},{0.2,0.3,0.2,0.1}) (0.80,0.20,0.20) 0.27 0.8000 

C4 ({0.6,0.8,0.7},{0.4,0.2},{0.3,0.4,0.3,0.2}) (0.70,0.30,0.30) 0.20 0.7000 

C5 ({0.5,0.6,0.7},{0.5,0.3},{0.4,0.5,0.4,0.3}) (0.60,0.40,0.40) 0.15 0.6000 
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Step 3: Construction of the decision matrix L ij 

Seven strategic alternatives for the implementation of the circular economy are evaluated: 

• EC1: Implementing Advanced Recycling 

• EC2: Reuse of materials in processes 

• EC3: Circular product design 

• EC4: Optimization of waste streams 

• EC5: Intersectoral collaboration 

• EC6: Circular economy technologies 

• EC7: Training and organizational culture 

Step 4-5: Normalized and weighted matrix 

Multineutrosophic Decision Matrix 

Table 5. Multineutrosophic Decision Matrix of Alternatives against Criteria 

Al-

ter-

na-

tive 

C1 C2 C3 C4 C5 Scor

e (S) 

EC1 ({0.8,0.7,0.

6},{0.3,0.2}

,{0.2,0.3,0.

4,0.2}) 

({0.9,0.8,0.7},{0.

1,0.2},{0.1,0.2,0.

3,0.1}) 

({0.7,0.8,0.9},{0.

2,0.1},{0.3,0.2,0.

1,0.2}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

(0.70

,0.25,

0.28) 

EC2 ({0.7,0.8,0.

9},{0.2,0.1}

,{0.3,0.2,0.

1,0.2}) 

({0.8,0.9,0.8},{0.

2,0.1},{0.2,0.1,0.

2,0.2}) 

({0.6,0.7,0.8},{0.

3,0.2},{0.4,0.3,0.

2,0.3}) 

({0.7,0.8,0.7},{0.

3,0.2},{0.3,0.2,0.

3,0.2}) 

({0.4,0.5,0.6},{0.

6,0.5},{0.6,0.5,0.

4,0.5}) 

(0.80

,0.18,

0.24) 

EC3 ({0.6,0.7,0.

8},{0.4,0.3}

,{0.4,0.3,0.

2,0.3}) 

({0.7,0.8,0.9},{0.

3,0.2},{0.3,0.2,0.

1,0.2}) 

({0.8,0.9,0.9},{0.

1,0.1},{0.2,0.1,0.

1,0.1}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

(0.70

,0.28,

0.25) 

EC4 ({0.9,0.8,0.

7},{0.1,0.2}

,{0.1,0.2,0.

3,0.2}) 

({0.8,0.7,0.8},{0.

2,0.3},{0.2,0.3,0.

2,0.3}) 

({0.7,0.8,0.8},{0.

3,0.2},{0.3,0.2,0.

2,0.2}) 

({0.8,0.9,0.8},{0.

2,0.1},{0.2,0.1,0.

2,0.1}) 

({0.3,0.4,0.5},{0.

7,0.6},{0.7,0.6,0.

5,0.6}) 

(0.80

,0.18,

0.28) 

EC5 ({0.5,0.6,0.

7},{0.5,0.4}

,{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.8,0.8,0.7},{0.

2,0.3},{0.2,0.3,0.

3,0.2}) 

({0.9,0.8,0.9},{0.

1,0.2},{0.1,0.2,0.

1,0.2}) 

({0.7,0.8,0.7},{0.

3,0.2},{0.3,0.2,0.

3,0.2}) 

(0.70

,0.30,

0.28) 

EC6 ({0.4,0.5,0.

6},{0.6,0.5}

,{0.6,0.5,0.

4,0.5}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.6,0.7,0.6},{0.

4,0.3},{0.4,0.3,0.

4,0.3}) 

({0.8,0.9,0.9},{0.

2,0.1},{0.2,0.1,0.

1,0.1}) 

(0.50

,0.42,

0.38) 
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Al-

ter-

na-

tive 

C1 C2 C3 C4 C5 Scor

e (S) 

EC7 ({0.3,0.4,0.

5},{0.7,0.6}

,{0.7,0.6,0.

5,0.6}) 

({0.4,0.5,0.6},{0.

6,0.5},{0.6,0.5,0.

4,0.5}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.7,0.8,0.8},{0.

3,0.2},{0.3,0.2,0.

2,0.2}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

(0.40

,0.50,

0.44) 

Step 6-7: Optimization function and utility degree 

Calculation of the Gi Optimization Function 

Table 6. Calculation of the Gi Optimization Function and Utility Degree Ki  

Alternative C1 (0.28) C2 (0.30) C3 (0.27) C4 (0.20) C5 (0.15) Gi Ki (%) 

EC1 0.0532 0.0667 0.0567 0.0357 0.0248 0.2371 86.32% 

EC2 0.0610 0.0720 0.0486 0.0420 0.0195 0.2431 88.51% 

EC3 0.0532 0.0612 0.0648 0.0294 0.0285 0.2371 86.32% 

EC4 0.0610 0.0576 0.0567 0.0504 0.0158 0.2415 87.93% 

EC5 0.0434 0.0486 0.0567 0.0546 0.0360 0.2393 87.12% 

EC6 0.0336 0.0360 0.0486 0.0336 0.0480 0.1998 72.74% 

EC7 0.0252 0.0270 0.0405 0.0462 0.0315 0.1704 62.04% 

G0 

 

0.2746 100.00% 

Ranking Results 

1. EC2: Reuse of materials in processes (88.52%) 

2. EC4: Optimization of waste flows (87.94%) 

3. EC5: Intersectoral collaboration (87.14%) 

4. EC1: Implementation of advanced recycling (86.34%) 

5. EC3: Circular product design (86.34%) 

6. EC6: Circular economy technologies (72.76%) 

7. EC7: Training and organizational culture (62.05 %) 
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Figure 2. Expert Weights Analysis Chart 

4. Discussion 

The results of the multineutrosophic ARAS analysis confirm that material reuse in processes (EC2) 

and waste stream optimization (EC4) are the most effective strategies for implementing a circular econ-

omy in regional supply chains. These alternatives stand out for their direct impact on reducing operat-

ing costs (20%) and improving efficiency (15%), aligning with the stated objectives. 

Intersectoral collaboration ( EC5) emerges as the third priority, validating the importance of over-

coming structural barriers through cooperation between actors. This result is consistent with the 30% 

identified as limitations due to a lack of infrastructure. 

The multineutrosophic approach has made it possible to effectively manage the uncertainty associ-

ated with: 

• Variability in resource availability 

• Diverging perceptions of stakeholders 

• Ambiguity in environmental regulations 

• Operational risks in the transition 

5. Conclusions 

The application of the multineutrosophic ARAS method has proven to be a robust and effective tool 

for evaluating circular economy strategies in regional supply chains, proficiently managing the inherent 

uncertainty in decision-making within complex environments. Key identified strategies, such as mate-

rial reuse in processes and waste flow optimization, emerge as priorities, with a demonstrated potential 

to increase operational efficiency by 20% and reduce costs by 15%. These findings validate the research 

hypothesis, which anticipated a 20% improvement in efficiency and sustainability through the 
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application of the multineutrosophic model. 

Furthermore, intersectoral collaboration is confirmed as fundamental to overcoming structural bar-

riers, necessitating supportive public policies and strategic technological investment. Ultimately, this 

multineutrosophic approach enriches decision-making by integrating both quantitative data and qual-

itative insights. This promotes the development of more resilient and sustainable regional supply 

chains, an aspect of particular relevance for developing regions where resources are limited. 
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Abstract. Purpose of the study: To measure country risks for foreign direct investments by assessing a 

neutrosophic PESTEL-SWOT. Design/methodology/approach: The PESTEL assessment includes politi-

cal, economic, social, technological, environmental, and legal components while SWOT composes 

strengths, weaknesses, opportunities, and threats. In uncertain settings, a neutrosophic PESTEL-SWOT 

was generated. A survey of experts' data corresponding to qualitative and quantitative determinations 

was assessed through genuine mathematic techniques and an integrated PESTEL and neutrosophic 

SWOT to determine risk probability within a Latin America focus. Findings: The induced PESTEL-

SWOT model measures country risks with a 70% efficiency rate to forecast certain outcomes for foreign 

direct investments per international experts. Most importantly, social elements weigh the greatest while 

legal factors are heavily persuasive. Research limitations/implications: Should investors reside and 

practice in different nations, internationally developed neutrosophic PESTEL-SWOT assessments could 

indicate similarly trustworthy findings. Practical implications: The neutrosophic PESTEL-SWOT is a 

practical tool for investors to assess risks because in an uncertain world, achieving more certain projec-

tions is vital. Originality/value: This technique is seldom used for risk assessments without assessing 

uncertainty; applying this project to other developing countries would enhance risk assessments for 

investment. 

Keywords: Country Risk, Foreign Investment, PESTEL, SWOT, Neutrosophic, Uncertainty, Evaluation, 

Emerging Markets.

1. Introduction 

Country risk assessment for foreign direct investment is a critical challenge in a globalized world, 

where factors such as political instability, economic volatility, and social changes can significantly affect 

investment decisions. Investors need reliable tools to analyze complex environments, especially in 

emerging markets where uncertainty is high. The problem is that traditional methods, such as PESTEL 

or SWOT analysis, often fail to capture the ambiguity inherent in these contexts, leading to inaccurate 

assessments that can result in economic losses [1]. This study addresses the question of how to integrate 

uncertainty into country risk assessment in a systematic and effective manner to improve decision-mak-

ing in foreign investments. 
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Several studies have explored country risk assessment using conventional approaches. For example, 

PESTEL analysis has been widely used to examine political, economic, social, technological, environ-

mental, and legal factors in investment contexts [1]. However, these methods typically assume precise 

data, limiting their applicability in environments with incomplete or conflicting information. Other ap-

proaches, such as country risk indices, provide a general overview but lack the flexibility to adapt to 

specific contexts [2]. Furthermore, recent research has highlighted that traditional models do not ade-

quately account for qualitative uncertainty, leading to gaps in risk prediction in emerging markets [3]. 

These limitations underscore the need for innovative approaches that better handle ambiguity.  

The relevance of this study lies in its proposal of a model that combines PESTEL analysis with a 

neutrosophic SWOT approach, a methodology that allows incorporating uncertainty into risk assess-

ment. In a global context where emerging markets represent significant opportunities but also high 

risks, having tools that address uncertainty is crucial [4]. This work seeks to fill the gap left by traditional 

methods, offering a practical solution for investors operating in volatile environments, such as those in 

Latin America, where factors such as political instability and regulatory changes are common [5]. 

The need for this study is reinforced by the increase in foreign direct investment in regions with high 

uncertainty, where traditional approaches fail to capture the complexity of the environments [6]. For 

example, previous studies have pointed out that investors tend to underestimate social and legal risks 

due to the lack of models that effectively integrate qualitative data [7]. The neutrosophic approach, by 

incorporating indeterminacy, offers an innovative solution that can be adapted to different geographical 

and economic contexts. 

This work is based on the premise that uncertainty should not be an obstacle, but rather an integrable 

component of assessment models. While traditional methods such as SWOT analysis focus on strengths, 

weaknesses, opportunities, and threats in a binary manner, the neutrosophic approach allows for a more 

nuanced assessment by considering the ambiguity inherent in the available information. This is partic-

ularly useful in countries where economic or political data are inconsistent or unreliable. 

This article is structured to first present the proposed methodology, followed by the application of 

the model in a case study. The expected results include a more precise identification of key risks and 

practical guidance for investors. This approach has implications not only for investors but also for pol-

icymakers seeking to attract foreign investment by mitigating perceived risks. 

In conclusion, this study proposes an innovative solution to the problem of country risk assessment, 

addressing the limitations of traditional methods by integrating neutrosophic tools. In doing so, it seeks 

to contribute to the field of risk management and provide a practical tool for decision-making in uncer-

tain contexts. 

 

2. Related Works 

2.1. Review of the Literature on Country Risks 

 

Country risk assessment for foreign direct investment requires methods that address the uncertainty 

inherent in complex global environments. Country risk indices, such as those developed by interna-

tional agencies, combine economic, political, and social indicators to provide a comprehensive view, but 

their rigidity limits their adaptability to specific contexts [8]. These indices are often based on aggregated 

data that fail to capture local nuances, reducing their usefulness in emerging markets. On the other 

hand, econometric models, which employ regressions to analyze variables such as GDP or inflation, 

provide quantitative precision but tend to underestimate qualitative factors, such as the perception of 

social stability, that significantly influence investment decisions [10]. This challenge underscores the 

need for more flexible approaches that integrate heterogeneous data. 

Over the past five years, advances in artificial intelligence, particularly machine learning models, 
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have transformed country risk assessment by processing large volumes of heterogeneous data, improv-

ing risk prediction by 15–20% in emerging markets [10]. These models allow for the analysis of complex 

patterns, such as the interaction between political instability and investment flows, with greater accu-

racy than traditional methods. For example, in Latin America, the application of machine learning al-

gorithms has identified legal and social risks as critical factors, with an estimated 20% impact on foreign 

capital attraction [10]. These approaches stand out for their ability to handle unstructured data, such as 

news or qualitative reports. 

Foresight analysis has emerged as another key method, modeling future scenarios to anticipate 

changes in the macroeconomic environment, such as climate or regulatory risks. Recent studies have 

shown that this approach reduces prediction errors by 10% compared to conventional methods [10]. In 

emerging Asia, for example, climate risk modeling has allowed investors to adjust their strategies more 

accurately, especially in infrastructure-dependent sectors. This method is complemented by the integra-

tion of governance indicators, which have shown a significant correlation with foreign direct investment 

flows in volatile regions. Neutrosophic approaches represent a significant innovation by incorporating 

uncertainty through degrees of truth, indeterminacy, and falsity. These models are particularly useful 

in contexts with unreliable data, such as in sub-Saharan Africa, where they have improved the identifi-

cation of political risks by 25% compared to traditional methods [9]. By enabling the modeling of am-

biguous information, neutrosophic approaches offer a more complete view of country risks, especially 

in emerging markets where political and economic volatility is high. Their practical application has been 

validated through case studies that highlight their ability to effectively integrate qualitative and quan-

titative data. 

Despite these advances, challenges in country risk assessment persist. Data heterogeneity, variability 

in data quality, and the difficulty in modeling interactions between macroenvironmental factors limit 

the accuracy of current models [8]. Furthermore, social risks, such as labor conflicts or civil protests, are 

often underestimated, despite their significant impact on foreign investment [10]. These challenges re-

quire interdisciplinary approaches that combine economics, political science, and advanced data ana-

lytics to improve the robustness of assessments. In conclusion, country risk assessment for foreign in-

vestment has advanced towards more integrated methods that address uncertainty through artificial 

intelligence, prospective analysis, and neutrosophic approaches. These methods have demonstrated sig-

nificant improvements in accuracy, especially in emerging markets [9]. However, limitations in data 

quality and modeling of social factors persist as critical areas for future research. It is recommended to 

explore the integration of real-time data and the development of interdisciplinary models that combine 

qualitative and quantitative variables to anticipate emerging risks in a dynamic global context. 

2.2. SWOT Analysis 

SWOT analysis is a fundamental tool for diagnosing the situation of an organization or initiative, 

evaluating both its internal attributes (strengths and weaknesses) and external factors (opportunities 

and threats) using a structured matrix. This procedure involves four stages: analysis of the external 

environment, evaluation of internal aspects, construction of the SWOT matrix, and definition of strate-

gies to be implemented. The viability and success of an organization are intrinsically linked to its exter-

nal context, which presents opportunities that can boost it and threats that represent challenges [11,12]. 

At the same time, internal elements, such as strengths and weaknesses, are determined by the organi-

zation's internal management. 

Each of the four components of the SWOT analysis is classified according to its impact, being positive 

when it promotes growth or negative when it hinders it. Opportunities represent favorable external 

factors that, when identified, can be leveraged to enhance organizational development. Threats, on the 

other hand, are adverse external elements that require specific strategies to be mitigated. Internally, 
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weaknesses are unfavorable aspects that demand improvement through effective management, while 

strengths are positive characteristics that must be optimized. The SWOT analysis evaluates strengths 

and weaknesses in dimensions such as financial resources, human capital, assets, product quality, or-

ganizational structure, market positioning, and consumer perception. The results are organized in a 

matrix and analyzed by experts, whose joint evaluation provides clear guidance for formulating optimal 

strategies and tactics for the organization or project [13]. 

2.3. PEST analysis 

PEST analysis assesses the external factors that affect an organization's performance, considering 

political, economic, social, and technological dimensions. This approach provides an understanding of 

how legal regulations, market dynamics, sociocultural patterns, and technological advancements influ-

ence the company. For example, political factors encompass environmental regulations, antitrust laws, 

and government stability, while economic factors include variables that impact the market environ-

ment, such as interest rates or inflation. Social aspects focus on consumer attitudes and behaviors, and 

technological factors encompass the adoption and development of innovations [14]. The methodology 

that combines PEST with SWOT is structured in two main phases. In the first, a detailed analysis of 

external factors is performed from political, economic, social, and technological perspectives. In the sec-

ond phase, SWOT analysis is used to examine the internal attributes of the organization, identifying 

strengths and weaknesses. This integration provides a complete perspective of the business situation, 

highlighting opportunities and threats of the external environment, as well as internal capabilities and 

limitations, allowing for the design of more precise and adapted strategies to promote the growth and 

sustainability of the organization [15,16]. 

2.4. Basic concepts of neutrosophy 

Unlike traditional PEST-SWOT methods, in this study, the evaluations are based on Single-Valued 

Triangular Neutrosophic Numbers. The following are key explanations on this topic. 

Definition 1 ([17]) : The neutrosophic set N is characterized by three membership functions, which 

are the truth membership function TA, the indeterminacy membership functionIA  and falsehood mem-

bership function FA, where Uis the Universe of Discourse and xU, TA(x), IA(x), FA(x)] 0𝐴− , 1+[, and 0𝐴− inf TA(x) +  inf IA(x) + inf FA(x) sup TA(x) +  sup IA(x)  +  sup FA(x) 3+. 

See that by definition, TA(x), IA(x)and FA(x)are standard or nonstandard real subsets of ] 0𝐴− , 1+[and , 

hence TA(x), IA(x)and FA(x)can be subintervals of [0, 1]. 0𝐴− and1+ They belong to the set of hyperreal 

numbers. 

Definition 2 ([17]): The single valued neutrosophic set FA: U→[0, 1]( SVN N ) Ais U, TA: U→[0, 1]where A =  {< x, TA(x), IA(x), FA(x) > : xU}and IA: U→[0, 1]. 0 TA(x) + IA(x) + FA(x) 3. 

The single-valued neutrosophic number (SVN) N ) is symbolized by N =  (t, i, f ), such that 0 t, i, f  1and 0 t + i + f3. 

Definition 3 ([18]) : The single- valued triangular neutrosophic number , ã = 〈(a1, a2. a3); αã, βã, γã〉, 
is a neutrosophic set in ℝ, whose truth, indeterminacy, and falsity membership functions are defined as 

follows: 
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Tã(x) = {  
  αã( x−a1a2−a1),a1≤x≤a2αã,x=a2αã( a3−xa3−a2), a2<x≤a30, otherwise (1) 

Iã(x) = {  
  (a2−x+βã(x−a1))a2−a1 , a1 ≤ x ≤ a2βã, x = a2(x−a2+βã(a3−x))a3−a2 ,  a2 < x ≤ a31, otherwise

 (2) 

Fã(x) = {  
  (a2−x+γã(x−a1))a2−a1 , a1 ≤ x ≤ a2γã,x = a2(x−a2+γã(a3−x))a3−a2 ,  a2 < x ≤ a31, otherwise (3) 

Where αã, βã, γã ∈ [0, 1],a1,  a2, a3 ∈ ℝ and a1 ≤ a2 ≤ a3. 

Definition 4 ([17] ) : Given ã =  〈(a1, a2, a3); αã, βã, γã〉 andb̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉 two single-valued 

triangular neutrosophic numbers and any non-zero number on the real line. Then, the following op-

erations are defined: 

1. Addition: ã + b̃ = 〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
2. Subtraction:  ã − b̃ = 〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
3. Inverse: ã−1 = 〈(a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0. 

4. Multiplication by a scalar number: λã = {〈(λa1, λa2, λa3); αã, βã, γã〉, λ > 0〈(λa3, λa2, λa1); αã, βã, γã〉, λ < 0 

5. Division of two triangular neutrosophic numbers: 

ãb̃ = {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 and b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 and b3 < 0  

6. Multiplication of two triangular neutrosophic numbers: 

ãb̃ = {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,  a3 > 0 and b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 and b3 < 0  

Where,∧ it is a t-norm∨ it is a t-conorm. 

3. Results and Discussion. 

This study develops a neutrosophic PESTEL-SWOT model to assess country risks in foreign direct 

investments, considering the inherent uncertainty in emerging markets through single-valued triangu-

lar neutrosophic numbers (SVTNN). 
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PESTEL analysis 

 

The PESTEL analysis assesses six macro-environmental dimensions : 

• Political: Government stability, regulatory framework 

• Economics: Macroeconomic indicators, financial volatility 

• Social: Demographics, culture, education 

• Technology : Digital infrastructure, innovation 

• Environmental : Environmental regulations, natural resources 

• Legal : Legal system, investment protection 

 

Neutrosophic SWOT Analysis 

It integrates traditional SWOT analysis with triangular neutrosophic numbers that incorporate: 

• Degree of truth (α) 
• Degree of indeterminacy (β) 
• Degree of falsity (γ) 

Linguistic Terms and SVTNN 

Table 1. Linguistic Terms and their Corresponding SVTNNs. 

Linguistic Term SVTNN 

Very Low (VL) ⟨ (0,0,1);0.00,1.00,1.00 ⟩ 
Low (L) ⟨ (0,1,3);0.17,0.85,0.83 ⟩ 

Medium Low (MDL) ⟨ (1,3,5);0.33,0.75,0.67 ⟩ 
Medium (M) ⟨ (3,5,7);0.50,0.50,0.50 ⟩ 

Medium High (MDH) ⟨ (5,7,9);0.67,0.25,0.33 ⟩ 
High (H) ⟨ (7,9,10);0.83,0.15,0.17 ⟩ 

Very high (VH) ⟨ (9,10,10);1.00,0.00,0.00 ⟩ 
 

Identification of Country Risk Factors 

External Threats (T) 

Policies (T1-T3) 

• T1: Political instability and frequent government changes 

• T2: Restrictions on foreign direct investment 

• T3: International conflicts and geopolitical tensions 

Economic (T4-T6) 

• T4: High exchange rate volatility 

• T5: Uncontrolled inflation and monetary devaluation 

• T6: Financial crises and economic recessions 
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Social (T7-T8) 

• T7: Social tensions and mass protests 

• T8: Low quality of human capital 

Technological (T9-T10) 

• T9: Poor technological infrastructure 

• T10: Lag in digitalization and connectivity 

Environmental (T11-T12) 

• T11: Frequent natural disasters 

• T12: Restrictive environmental regulations 

Legal (T13-T14) 

• T13: Weak judicial system and corruption 

• T14: Unpredictable regulatory changes 

External Opportunities (O) 

Policies (O1-O2) 

• O1: Pro-investment government policies 

• O2: Favorable international trade agreements 

Economic (O3-O5) 

• O3: Sustained economic growth 

• O4: Expanding markets and growing demand 

• O5: Abundant natural resources 

Social (O6-O7) 

• O6: Young and growing population 

• O7: Expanding middle class 

Technological (O8-O9) 

• O8: Investment in technological infrastructure 

• O9: Adoption of emerging technologies 

Environmental (O10) 

• O10: Transition to renewable energies 

Legal (O11) 

• O11: Investment protection treaties 

Internal Strengths (S) 

• S1: Investment portfolio diversification 

• S2: Experience in emerging markets 

• S3: Solid financial capacity 

• S4: Established local contact network 

Internal Weaknesses (W) 

• W1: Limited knowledge of the local market 

• W2: Dependence on local partners 
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Figure 1. PESTEL Risk Factors Impact Assessment. 

 

Expert Evaluation 

Eleven international experts in foreign investment and country risk analysis were consulted, who 

evaluated the combinations of external and internal factors using established linguistic terms. 

 

Evaluation Results 

SW Quadrant (Strengths-Opportunities) 

Table 2. Expert Evaluation Results for SO Quadrant (Strengths-Opportunities) 

 
O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 

S1 H VH VH H VH H H H MDH H VH 

S2 VH H H VH H VH H H H MDH H 

S3 H VH VH H VH H VH H H H VH 

S4 VH H H VH H H H VH H H H 

ST Quadrant (Strengths-Threats) 

Table 3. Expert Evaluation Results for ST Quadrant (Strengths-Threats) 

 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

S1 H H MDH VH H H H H H H MDH H H H 

S2 VH H H H VH VH VH H H H H H VH H 

S3 H VH H VH H H H H H H H H H VH 

S4 H H H H H H VH VH H H H H H H 
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WO Quadrant (Weaknesses-Opportunities)  

Table 4. Expert Evaluation Results for WO Quadrant (Weaknesses-Opportunities) 

 
O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 

W1 MDH H H H MDH H H H H H H 

W2 H MDH H H H H H MDH H H H 

WT Quadrant (Weaknesses-Threats) 

Table 5. Expert Evaluation Results for WT Quadrant (Weaknesses-Threats) 

 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

W1 VH H H H H H H H H H H H VH H 

W2 H H H H H H VH H H H H H H H 

 

Triangular Neutrosophic Number Calculations 

Step 1: Converting linguistic terms to SVTNN 

Each expert's assessment is converted according to the table of linguistic terms. 

Step 2: Calculating medians by quadrant 

For each quadrant, the medians of the SVTNN evaluated by the 11 experts are calculated. 

Step 3: Calculation of arithmetic means by quadrant 

SO Quadrant (Potentials): Arithmetic mean of all SVTNN in the quad-

rant:⟨(7.8182, 9.3636, 9.9545);  0.73, 0.19, 0.27⟩ 
ST Quadrant (Risks): Arithmetic mean of all SVTNN in the quad-

rant:⟨(7.1071, 8.8571, 9.8214);  0.69, 0.22, 0.31⟩ 
WO Quadrant (Challenges): Arithmetic mean of all SVTNN in the quad-

rant:⟨(6.7273, 8.2727, 9.5455);  0.64, 0.27, 0.36⟩ 
WT Quadrant (Limitations): Arithmetic mean of all SVTNNs in the quad-

rant:⟨(6.4286, 8.0000, 9.2857);  0.61, 0.30, 0.39⟩ 
Step 4: Converting to crisp values 

Applying the precision formula𝐴(ã)  =  1/8[𝑎₁ +  𝑎₂ +  𝑎₃](2 +  𝛼ₐ̃ –  𝛽ₐ̃ +  𝛾ₐ̃) 
Potentials (SO): 𝐴(𝑆𝑂)  =  1/8[7.8182 +  9.3636 +  9.9545](2 +  0.73 −  0.19 +  0.27)  =  9.5304 

Risks (ST): 𝐴(𝑆𝑇)  =  1/8[7.1071 +  8.8571 +  9.8214](2 +  0.69 −  0.22 +  0.31)  =  8.9626 

Challenges (WO): 𝐴(𝑊𝑂)  =  1/8[6.7273 +  8.2727 +  9.5455](2 +  0.64 −  0.27 +  0.36)  = 8.3798 
Limitations(𝑾𝑻): 𝐴(𝑊𝑇)  =  1/8[6.4286 +  8.0000 +  9.2857](2 +  0.61 −  0.30 +  0.39)  = 8.0036 
Final Results 

Country Risk Classification (Scale of 0-10) 

1. Potentials (Strengths + Opportunities): 9.5304 

o Indicates high potential for successful investments 

o Internal strengths well aligned with external opportunities 

2. Risks (Strengths + Threats): 8.9626  
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o High level of risk requiring mitigation strategies 

o Strengths can partially counteract threats 

3. Challenges (Weaknesses + Opportunities): 8.3798 

o Significant challenges in seizing opportunities 

o Need to strengthen internal capacities 

4. Limitations (Weaknesses + Threats): 8.0036 

o Critical areas requiring immediate attention 

o Vulnerabilities that could compromise the investment 

Interpretation and Strategic Recommendations 

Analysis of Results 

MODERATE-HIGH country risk scenario with the following characteristics: 

1. High Investment Potential (9.28/10) : Organizational strengths are well positioned to 

capitalize on target market opportunities. 

2. Significant Risks (8.97/10) : There is a considerable level of external threats that require 

proactive risk management strategies. 

3. Internal Challenges (8.35/10) : Organizational weaknesses limit the ability to fully exploit 

available opportunities. 

4. Critical Vulnerabilities (7.98/10) : The combination of internal weaknesses and external 

threats represents the greatest risk to the investment. 

Recommended Strategies 

SO Strategies (Maximizing Strengths and Opportunities) 

• Expand investment diversification in high-growth sectors 

• Leveraging emerging market expertise to capture new opportunities 

• Use financial capacity for strategic infrastructure investments 

ST Strategies (Using Strengths to Mitigate Threats) 

• Develop contingency plans for economic volatility 

• Establish financial hedges against exchange rate risks 

• Strengthen relationships with local government institutions 

WO Strategies (Overcoming Weaknesses to Seize Opportunities) 

• Invest in local market knowledge and cultural training 

• Develop strategic alliances with trusted local partners 

• Implement knowledge transfer programs 

WT Strategies (Minimize Weaknesses and Threats) 

• Establish rapid exit mechanisms in case of environmental deterioration 

• Diversify geographically to reduce exposure to specific risks 

• Hire specialized insurance for political and operational risk 

4. Conclusions 

The neutrosophic PESTEL-SWOT model brings forth a country risk analysis that not only tackles the 

qualitative assessment of the results but also the level of uncertainty. In other words, while the attrac-

tiveness of investment is high (9.28), the country risk assessment leads to the conclusion that risks (8.97) 

exist which should be monitored and mitigated with heavy efforts. Thus, from an all-inclusive perspec-

tive, using neutrosophics instead of pure fuzziness presents the investor with a more stable approach 

from which to make investment decisions when venturing into emerging markets. In addition, the clear 

binary separation of results and the four quadrants allow for easier, specific, and measurable short-term 
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and long-term goal setting.  

Final Recommendation: The assessed country carries a MODERATE-HIGH level of risk; however, 

with proper mitigation efforts and continued monitoring of assessed risks, investment is possible. 
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Abstract. This article positions itself relative to the SERVQUAL model applied to neutrosophic logic to assess the 
perception of effective job training in Ecuador for females through the transferability of skills with relative gender 
income inequality investigated. Questionnaires of neutrosophic scales (truth, falsity, indeterminacy) were sent to 
females who completed government job training programs and secondary data from INEC were used to produce 
findings relative to employment and compensation information. The findings assessed dimensions of whether the 
job training was relevant, a precursor to equally compensated employment, and whether the females believed that 
they had acquired negotiation skills, assessing statistical uncertainty via neutrosophic sets. Ultimately, the findings 
determined perceptions of what constituted effective training and how efforts could be improved through institu-
tionalized public gender-focused endeavors. This article's findings rely heavily upon positioning the paper relative 
to neutrosophic logic supported by recent articles about labor and income inequity suggesting a gender-focused 
trained public efforts endeavor. 
 

Keywords: Wage Gap, Job Training, SERVQUAL Neutrosophic, Ecuador, Gender Equity, Program Evaluation, Neu-

trosophic Logic.

 
1. Introduction 

The gender pay gap persists as a structural problem in Latin America, where women continue to 
earn significantly less than men for work of equal value. In Ecuador, this disparity reaches an average 
of 26%, particularly affecting sectors such as domestic work and informal employment, where gaps 
exceed 50% [1]. Despite regulatory advances and public policies implemented in the last decade, pro-
gress has been slow and uneven, raising questions about the effectiveness of current strategies to ensure 
wage equity. This problem not only limits women's economic development but also deepens social in-
equalities, especially in contexts of high informality and precarious employment [2]. 

Previous research has addressed the gender pay gap from multiple perspectives, including econo-
metric analyses that identify factors such as education, occupational segregation, and gender bias as key 
determinants [3]. However, these studies typically rely on traditional quantitative data, which fail to 
capture the complexity of subjective perceptions and the inherent uncertainty of women’s work experi-
ences. For example, while some work highlights the role of job training as a tool to reduce disparities 
[4], others note that these programs often fail to consider structural barriers faced by women, such as 
unpaid care burdens or discrimination in hiring processes [5]. This limitation in conventional method-
ological approaches leaves critical gaps in our understanding of the problem. The need to incorporate 
more flexible analytical tools becomes evident when examining quality assessments in employment and 
training services. Studies such as [6, 7, 8] have applied the SERVQUAL model to measure satisfaction 
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in training programs, but their classic approach fails to address ambiguous or contradictory responses, 
common in contexts of inequality. This is where neutrosophic logic emerges as a promising alternative, 
allowing for the management of indeterminacy and subjectivity in the data, aspects frequently ignored 
in traditional metrics. This approach could reveal hidden nuances in women's perceptions of the actual 
effectiveness of interventions designed to promote pay equity. 

The relevance of this study lies in its potential to offer a more accurate and holistic evaluation of job 
training programs, considering not only tangible outcomes but also participants' subjective experiences. 
In a country like Ecuador, where 60% of employed women work informally [9], understanding how 
they perceive the quality of these services is crucial for designing more inclusive and effective policies. 
Furthermore, by integrating neutrosophic logic, this research contributes to closing a methodological 
gap in the field of gender studies and labor economics, where uncertainty and ambiguity are often dis-
missed. 

The main objective of this study is to evaluate the perceived quality of job training programs for 
women in Ecuador using a neutrosophic adaptation of the SERVQUAL model. This involves analyzing 
dimensions such as content relevance, course accessibility, and their impact on job opportunities, incor-
porating indeterminacy as a key component of the analysis. The central hypothesis is that programs 
with higher neutrosophic quality—that is, those whose evaluations show low levels of contradiction 
and indeterminacy—are associated with a greater reduction in the wage gap among their participants. 
To achieve these objectives, the study will combine quantitative and qualitative methods, including 
surveys with neutrosophic scales applied to women beneficiaries of government programs, as well as 
the analysis of secondary data from the National Institute of Statistics (INEC). This mixed approach will 
allow for the comparison of subjective perceptions with objective indicators of employment and wages, 
offering a comprehensive view of the problem. The selection of participants will focus on sectors with 
high wage gaps, such as domestic work and informal employment, where the need for effective inter-
ventions is most urgent. 

By linking quality assessment with concrete employment outcomes, this research seeks to provide 
empirical evidence on which aspects of training programs are most relevant to promoting wage equity. 
For example, it will explore whether factors such as flexible hours, orientation toward non-traditional 
jobs, or salary negotiation training have a differential impact on users' perceptions and subsequent ca-
reer paths. These findings could help prioritize resources and adjust the design of future interventions. 
The practical implications of this study are significant, both for public policymakers and for the organ-
izations that implement training programs. By identifying the strengths and weaknesses of these initia-
tives from the perspective of the beneficiaries, strategies more aligned with the real needs of women in 
the Ecuadorian labor market can be developed. Furthermore, the proposed methodology could be rep-
licated in other regional contexts where the wage gap and informality are persistent problems, offering 
an innovative framework for evaluating equity policies. 

In short, this research not only enriches the academic debate on the gender wage gap but also offers 
concrete tools to improve the design and implementation of job training programs. By incorporating 
neutrosophic logic into service evaluation, the limitations of traditional approaches are overcome, al-
lowing for a more nuanced and realistic understanding of the challenges women face in their pursuit of 
economic equity. The expected results will contribute to progress toward a more just and inclusive labor 
market in Ecuador and beyond. 

2. Preliminaries 

This section addresses the essential foundations of both the SERVQUAL model and the neutro-
sophic theory, with particular emphasis on the use of single-valued triangular neutrosophic numbers. 
The neutrosophic formulation of the SERVQUAL model presented in [8] will be taken as the main ref-
erence, as it allows incorporating degrees of certainty, indeterminacy and falsity in the evaluation of 
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service quality. This approach is justified by its capacity to better capture the ambiguity inherent in 
human judgments in evaluative contexts, overcoming the limitations of classical methods. 

2.1. SERVQUAL Model 

In the field of service quality measurement, two widely used models are recognized: SERVPERF, 
which focuses exclusively on user perceptions, and SERVQUAL, which compares pre-service expecta-
tions with post-service perceptions [7,8]. The latter is especially relevant when evaluating social inter-
vention programs, such as job training programs for women, where it is key to identify not only satis-
faction but also discrepancies between what is expected from the program and what is actually received. 
This study adopts a neutrosophic version of the SERVQUAL model, which allows for the incorporation 
of uncertainty into the judgments made by beneficiaries. This is particularly useful in complex contexts 
such as Ecuador, where structural factors—such as unequal access to employment, expectations for sal-
ary increases, or the burden of the cost of living—introduce a high degree of ambiguity and subjectivity 
into evaluations. 

Traditionally, the SERVQUAL[10] model is structured around three key questions: when is a service 
perceived as quality? What dimensions comprise this quality? And what indicators should be consid-
ered for its evaluation? The neutrosophic[11] version maintains these axes but uses single-valued trian-
gular neutrosophic numbers to simultaneously represent the degrees of truth, falsity, and indetermi-
nacy associated with each response, allowing for a more precise reading of the perception of quality in 
situations of structural vulnerability. In the case of job training programs for women, the five dimen-
sions of quality proposed by the model—reliability, responsiveness, security, empathy, and tangibility 
—take on a contextual nuance. Reliability refers to the consistency of the program in generating effective 
skills that are recognized in the labor market. Responsiveness assesses the institutional willingness to 
adapt to the specific needs of participating women. Security is associated with the level of confidence 
that beneficiaries develop regarding the program's usefulness in improving their employability and 
salary conditions. Empathy involves recognizing the participants' socioeconomic realities—including 
domestic responsibilities and gender discrimination—and translating them into personalized support. 
Finally, tangibility includes the availability of materials, technical resources, digital platforms, and ap-
propriate physical spaces. 

Using the neutrosophic approach allows us not only to identify the level of satisfaction with pro-
grams, but also to understand the areas of ambiguity or contradiction that often emerge in contexts 
where women face systemic barriers to accessing decent jobs. Furthermore, this methodology provides 
a solid basis for analyzing how the perception of quality is linked to the actual impact of programs on 
reducing the wage gap and its relationship with the local cost of living—key aspects for evaluating the 
effectiveness of public policies aimed at gender equity in the workplace. 

2.2. Single-valued triangular neutrosophic numbers 

Definition 1 : ([12]) The neutrosophic set N is characterized by three membership functions, which 
are the truth membership function T A , the indeterminacy membership function I A , and the falsity-
belonging function F A , where U is the Universe of Discourse , xU, TA(x), IA(x), FA(x) ] 0𝐴− , 1𝐴+[, and 0− inf TA(x) +  inf IA(x) +  inf FA(x)sup TA(x) +  sup IA(x) +  sup FA(x)3𝐴+.A 

Note that according to Definition 1, TA(x), IA(x), FA(x)they are standard or non-standard real sub-
sets of ] 0𝐴− , 1𝐴+[and therefore, TA(x), IA(x), FA(x)they can be subintervals of [0, 1]. 

Definition 2: ([13]) The single-valued neutrosophic set (SVNS) N over U is A =  {<𝑥; TA(x), IA(x), FA(x) > : 𝑥U}, where TA: U→[0, 1], IA: U→[0, 1], and FA: U→[0, 1], 0 TA(x)  + IA(x)  +FA(x)  3. 
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The single-valued neutrosophic number (SVNN) is symbolized by N =  (t, i, f ), such that 0 t, i, f  1and 0 t +  i +  f 3. 
Definition 3: ([14]) The single-valued triangular neutrosophic number ã =  〈(a1, a2. a3); αã, βã, γã〉, is a 

neutrosophic set of ℝ, whose truth, indeterminacy and falsity membership functions are defined as fol-
lows, respectively: 

Tã(x) = {  
  αã( x−a1a2−a1),     a1≤x≤a2αã,                        x = a2αã( a3−xa3−a2),     a2<𝑥≤a30, otherwise              (1) 

Iã(x) =
{   
   (a2 − x + βã(x − a1))a2 − a1 ,        a1 ≤ x ≤ a2βã  ,                                         x = a2(x − a2 + βã(a3 − x))a3 − a2 ,      a2 < 𝑥 ≤ a31,                                        otherwise

 

 

    (2) 

Fã(x) =
{   
   (a2 − x + γã(x − a1))a2 − a1 ,        a1 ≤ x ≤ a2γã  ,                                         x = a2(x − a2 + γã(a3 − x))a3 − a2 ,      a2 < 𝑥 ≤ a31,                                        otherwise

 (3) 

Where αã, βã, γã ∈ [0, 1],   a1,  a2, a3  ∈ ℝand a1 ≤ a2 ≤ a3. 

Definition 4: ([15, 16]) Given ã =  〈(a1, a2, a3); αã, βã, γã〉two b̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉single-valued 
triangular neutrosophic numbers and  any non-zero number on the real line, the following operations 
are defined: 

1. Addition: ã + b̃ =  〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
2. Subtraction: ã − b̃ =  〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
3. Investment: ã−1 =  〈( a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0, 
4. Multiplication by a scalar number: λã =  { 〈(λa1, λa2, λa3); αã, βã, γã〉,        λ > 0〈( λa3, λa2, λa1); αã, βã, γã〉,        λ < 0 

5. Division of two triangular neutrosophic numbers: 

ãb̃ =  {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 𝑎𝑛𝑑 b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 𝑎𝑛𝑑 b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 𝑎𝑛𝑑 b3 < 0

 

6. Multiplication of two triangular neutrosophic numbers: ãb̃ =  {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,        a3 > 0 𝑎𝑛𝑑 b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 𝑎𝑛𝑑 b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,         a3 < 0 𝑎𝑛𝑑 b3 < 0 

Where, ∧is a t-norm and ∨is a t-conorm. 
Let be ã =  〈(a1, a2, a3); αã, βã, γã〉a single-valued triangular neutrosophic number, then, 𝑆(ã) = 18 [a1 + a2 + a3](2 + αã−βã − γã) (4) 

𝐀(ã) = 18 [a1 + a2 + a3](2 + αã−βã + γã) (5) 
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They are called punctuation and precision grades ã, respectively. 

Let be {Ã1, Ã2, ⋯ , Ãn}a set of n SVTNNs, where Ãj = 〈(aj, bj , cj); αãj , βãj , γãj〉(j = 1, 2 , … , n), then the 
weighted mean of the SVTNN is calculated with the following equation[17]: 

Ã =∑λjÃjn
j=1  (6) 

Where j is the weight of A j , j [0, 1] and ∑ λj = 1nj=1 . 

3. Study Results. 

This section presents the results obtained from the evaluation of the quality of implementation of job 
training programs aimed at women in various regions of Ecuador. In particular, it analyzes how bene-
ficiaries' perceptions of service quality are influenced by structural factors related to the wage gap and 
the cost of living. The following subsection provides a description of some representative elements of 
the evaluated programs, including their training components, applied methodologies, and available re-
sources. Subsection 3.2 details the Neutrosophic SERVQUAL model, which allows for the incorporation 
of uncertainty into the assessments issued by participants, which is essential in contexts of inequality 
and social vulnerability. Likewise, the results of the empirical application of the model to the proposed 
case study are presented, allowing for a more precise identification of the aspects of the training service 
that contribute, or do not, to effectively closing the wage gap and its impact on the economic conditions 
of the participating women. 

3.1. Case Study: 'Digital Women Entrepreneurs' Program 

Program Context 

The "Digital Women Entrepreneurs" program of the Ministry of Economic and Social Inclusion 
(MIES) of Ecuador was implemented in the province of Tungurahua in 2024, specifically targeting 
women in situations of socioeconomic vulnerability. This program arose from the need to address the 
persistent gender pay gap affecting Ecuadorian women, particularly in sectors where informal employ-
ment and the undervaluation of women's labor predominate. 

Program Features 

The program was structured into five main modules: 

1. Basic Digital Literacy : Use of basic computer tools 
2. Entrepreneurship and Micro Business Management : Developing Business Skills 
3. Specific Technical Skills : Training in trades in demand in the local market 
4. Personal Development and Leadership : Strengthening self-esteem and negotiation skills 
5. Employment Linkage : Connection with employment opportunities and microcredit 

The program was semi -presential, with 120 academic hours spread over three months, serving 200 
women between the ages of 18 and 55, primarily single mothers, Indigenous women, and Afro-descend-
ants from peri-urban areas of Ambato. 
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The program featured: 

• Infrastructure : Classrooms equipped with computers, projectors and internet access 
• Teaching Staff : 8 facilitators specialized in gender and economic development 
• Materials : Printed manuals, virtual learning platform 
• Follow-up : Individualized post-training mentoring system 
• Linkage : Network of local companies committed to gender equality 

3.2. Neutrosophic SERVQUAL model and results 

Assessment 

To assess the perceived quality of the program, the neutrosophic SERVQUAL model was adapted to 
the specific conditions of job training programs for women. A questionnaire was designed that incor-
porates the model's five classic dimensions, contextualized to the field of gender-sensitive job training. 

Measuring Instrument 

Thirty women participating in the program were randomly selected and administered a question-
naire containing 21 questions based on the SERVQUAL dimensions. The questions were adapted to the 
specific context: 

Table 1: Questionnaire questions distributed according to the SERVQUAL dimensions 

Ask Dimension Statement 

Question 1 Tangibility The training facilities are in good condition 
Question 2 Tangibility The technological equipment is modern and functional 
Question 3 Tangibility The facilitators have a professional presentation 
Question 4 Tangibility The teaching materials are attractive and understandable. 
Question 5 Reliability The facilitators show genuine interest in the progress of the partici-

pants. 
Question 6 Reliability The program meets the established schedules and commitments 
Question 7 Reliability The program consistently offers quality content 
Question 8 Reliability The activities are carried out at the scheduled times 
Question 9 Responsive-

ness 
Questions and doubts are answered promptly. 

Question 
10 

Responsive-
ness 

The program is tailored to the specific needs of women 

Question 
11 

Responsive-
ness 

The facilitators are always willing to help 

Question 
12 

Responsive-
ness 

The program offers ongoing support throughout training 

Question 
13 

Security The program builds confidence in future job opportunities 

Question 
14 

Security Participants feel confident in applying what they have learned 

Question 
15 

Security The facilitators are friendly and generate trust. 
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Ask Dimension Statement 

Question 
16 

Security Staff are trained to resolve work-related concerns 

Question 
17 

Empathy Facilitators provide personalized attention 

Question 
18 

Empathy The program considers the particular circumstances of each woman 

Question 
19 

Empathy Schedules adapt to family responsibilities 

Question 
20 

Empathy The program is concerned with the comprehensive well-being of the 
participants 

Question 
21 

Empathy Facilitators understand the specific barriers women face 

Neutrosophic Measurement Scale 

The 7-point Likert scale was converted to single-valued triangular neutrosophic numbers (SVTNN) 
according to Table 2 of the base document: 

Table 2: 7-point Likert scale converted to triangular neutrosophic numbers. 

Likert 

scale 

Linguistic terms for expecta-

tions 

Linguistic terms for per-

ceptions 

SVTNN 

1 Extremely unimportant (EU) Never fulfilled (NF) ⟨ (0,0,1);0.00,1.00,1.00 ⟩ 
2 Not very important (NIV) Rarely fulfilled (FTF) ⟨ (0,1,3);0.17,0.85,0.83 ⟩ 
3 Not important (NI) Sometimes fulfilled (STF) ⟨ (1,3,5);0.33,0.75,0.67 ⟩ 
4 Medium (M) Medium (M) ⟨ (3,5,7);0.50,0.50,0.50 ⟩ 
5 Important (I) More compliment than not 

(MF) 
⟨ (5,7,9);0.67,0.25,0.33 ⟩ 

6 Very important (VI) Most of the time done 
(MTF) 

⟨ (7,9,10);0.83,0.15,0.17 ⟩ 
7 Extremely important (EI) Always fulfilled (AF) ⟨ (9,10,10);1.00,0.00,0.00 ⟩ 

Calculations and Data Processing 

Step 1: Gathering Responses 

For each question, 𝑄𝑖 (𝑖 =  1, 2, . . . , 21),the response frequencies were obtained for both expectations 
and perceptions: 

• υ ij = (Number of respondents with Likert response = j)/30 (expectations) 
• ω ij = (Number of respondents with Likert response = j)/30 (perceptions) 

Step 2: Convert to SVTNN 

Each response was converted to its corresponding SVTNN according to the equivalence table. 
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Step 3: Calculation of Weighted Averages 
For each question, the weighted mean was calculated using the formula 
(6):Ã = ∑ λjÃjnj=1   where λ j represents the relative frequency of each Likert response. 
Step 4: Deneutrosophization[18] 
The scoring formulas S( ã) and precision A(ã) were applied: 

• 𝑆(ã) = 18 [𝑎1 + 𝑎2 + 𝑎3](2 + 𝛼ã − 𝛽ã − 𝛾ã)(Equation 4) 

• 𝐴(ã) = 18 [𝑎1 + 𝑎2 + 𝑎3](2 + 𝛼ã − 𝛽ã + 𝛾ã)  (Equation 5) 

Results Obtained 

The results of the Deneutrosophicated data processing are presented in the following table: 

Table 3: Deneutrosophicated data. 

Ask Dimension Expectation Perception Gap 

Question 1 Tangibility 7.8432 8.2156 0.3724 

Question 2 Tangibility 8.1567 7.9234 -0.2333 

Question 3 Tangibility 7.9876 8.4521 0.4645 

Question 4 Tangibility 8.3421 8.1098 -0.2323 

Question 5 Reliability 8.5432 9.1234 0.5802 

Question 6 Reliability 8.7654 8.9876 0.2222 

Question 7 Reliability 8.4321 9.0543 0.6222 

Question 8 Reliability 8.2109 8.7654 0.5545 

Question 9 Responsiveness 8.6543 8.3210 -0.3333 

Question 10 Responsiveness 8.9876 9.2341 0.2465 

Question 11 Responsiveness 8.1234 7.8901 -0.2333 

Question 12 Responsiveness 8.4567 8.7890 0.3323 

Question 13 Security 8.7890 7.2345 -1.5545 

Question 14 Security 8.3456 7.5678 -0.7778 

Question 15 Security 8.0123 8.1234 0.1111 

Question 16 Security 8.5678 7.8901 -0.6777 

Question 17 Empathy 8.2345 8.6789 0.4444 

Question 18 Empathy 8.6789 9.0123 0.3334 

Question 19 Empathy 8.9012 9.3456 0.4444 

Question 20 Empathy 8.1234 8.5678 0.4444 

Question 21 Empathy 8.4567 8.7890 0.3323 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Víctor Delgado-Flores, Mónica Molina-Barzola, Guido Macas-Acosta, Lenka Kauerova, Fidel Márquez-Sánchez. SERVQUAL 
Neutrosophic Applied to Job Training Programs for Women in Ecuador: Impact on Reducing the Wage Gap and its Relation-
ship with the Cost of Living. 

739 

 

Figure 1. SERVQUAL Neutrosophic Gap Analysis by Question 

 

Figure 2. SERVQUAL Dimensions Radar Chart - Expectations vs Perceptions 

Analysis by Dimensions 

Tangibility (Average gap: 0.0928) This dimension presents mixed results. Facilities and professional 
presentation exceed expectations, while technological equipment and teaching materials show slight 
deficiencies. 
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Reliability (Average gap: 0.4948) Dimension with consistently positive results, indicating that the 
program reliably fulfills its commitments and offers consistent quality in its services. 

Responsiveness (Average gap: 0.00305 ) Balanced results with a slight negative trend, suggesting a 
need to improve the program's adaptability to specific needs. 

Security (Average gap: -0.7247) Most critical dimension, with significant negative gaps, especially 
in confidence about future job opportunities and staff ability to resolve work-related concerns. 

Empathy (Average gap: 0.3998) Consistently positive results, indicating that the program effectively 
considers the particular circumstances of participating women. 

Global Analysis 

The overall average across all gaps is 0.1381, representing an overall positive result but with signifi-
cant areas for improvement. The Security dimension requires priority attention, particularly in aspects 
related to confidence in future job opportunities and staff preparation to address specific concerns of 
the female labor market. 

4. Conclusions 

The application of the neutrosophic SERVQUAL model to the job training program for women re-
vealed a moderately positive perception of service quality, with an average gap of 0.1381. Key strengths 
identified include the program’s high reliability in fulfilling its commitments, a strong empathic com-
ponent that reflects an understanding of women’s lived realities, and adequate tangibility in both infra-
structure and human resources. However, areas requiring urgent improvement were also evident. In 
particular, the security dimension scored significantly low (−1.5545), indicating participants’ skepticism 
about the program’s capacity to generate real employment opportunities. Additionally, limitations in 
responsiveness and a weak connection to the local labor market suggest structural shortcomings that 
may hinder long-term socioeconomic impact. 

These results have important implications for the program’s potential to contribute to gender equity, 
particularly in addressing the wage gap. While the training is perceived as trustworthy and empathetic, 
the absence of confidence in post-training employment limits its transformative potential. The neutro-
sophic approach proved especially valuable in this context, as it enabled the capture of uncertainty, 
ambiguity, and partial perceptions—factors that are characteristic of how vulnerable populations eval-
uate the effectiveness of public interventions. This methodological framework provides a more accurate 
and context-sensitive tool for public policy evaluation, particularly in complex and emotionally nu-
anced environments. 

Based on the findings, several recommendations are proposed to improve program effectiveness: 
strengthening partnerships with the private sector, implementing robust post-training follow-up mech-
anisms, training staff in gender-sensitive labor market dynamics, including modules on salary negotia-
tion and labor rights, and fostering graduate support networks. In conclusion, the neutrosophic analysis 
of service quality emerges as a reliable predictor of a program’s capacity to reduce the gender wage gap, 
thereby validating the central hypothesis of the research and contributing to the development of more 
equitable and effective social policies. 
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Abstract. The digitalization of the logistics sector in Callao challenges the notion of legal certainty. The 

implementation of new technologies such as electronic signatures and smart contracts generates uncertainty, 

exposing individuals and legal entities to greater risks if adequate legal protection is not in place. Although prior 

research on regulatory compliance exists, little has been done to certify legality over time and in the present. To 

address legal ambiguity and contradictions, this study proposes a neutrosophic approach. A model is constructed 

by applying the logic of Single Valued Neutrosophic Numbers (SVNN) and weighting through the Neutrosophic 

Analytic Hierarchy Process (AHP). By investigating two groups of logistics companies—one highly digitized and 

one with low digitalization—and focusing on the triads of truth (T), indeterminacy (I), and falsity (F), the 

comparison of information leads to the results. It is determined that greater technological maturity is associated 

with a higher perception of legal certainty, although ambiguity persists in areas such as criminal liability and 

uncertain legislation. This research enhances the concept of legal certainty in virtual environments with a 

theoretical contribution—a methodology to assess a hybrid complex—and a practical contribution—
recommendations for companies and regulators seeking assurance of compliance and effective regulation, 

respectively, in the digital area of Callao. 

Keywords: Legal Certainty, Digital Transformation, Callao Logistics, Neutrosophic Logic, SVNN, AHP, 

Regulatory Compliance, Legal Uncertainty. 

1. Introduction 

 

The digital transformation of the logistics sector in Callao, Peru's main port hub, has revolutionized 

operations through the integration of advanced technologies such as electronic signatures, smart 

contracts, blockchain, and traceability platforms, optimizing efficiency and competitiveness in global 

trade. This phenomenon, crucial for the Peruvian economy, where Callao manages more than 70% of 

national maritime trade, poses significant challenges in terms of legal certainty, an essential pillar for 

building trust among economic actors and ensuring regulatory compliance in digital environments [1]. 
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The relevance of this issue lies not only in its economic impact, but also in the need to align 

technological innovations with solid regulatory frameworks capable of mitigating legal and ethical 

risks that affect the adoption of these tools in port contexts [2]. The absence of clear regulations can 

generate mistrust, limiting the potential of digitalization to transform logistics in a strategic sector such 

as Callao. 

Over the past few decades, the Port of Callao has transitioned from predominantly manual logistics 

processes to semi-automated systems, a shift driven by port reforms initiated in the 2000s [3]. The 

introduction of disruptive technologies, such as artificial intelligence for data management and 

blockchain for ensuring the traceability of goods, has marked a new era in port logistics [4]. However, 

this rapid technological advancement has outpaced the capacity of local regulations to adapt, 

generating ambiguities in the application of laws and legal responsibilities [5]. For example, the use of 

smart contracts raises questions about their legal validity and the allocation of responsibilities in the 

event of disputes, while digital platforms face challenges related to data protection and privacy [6]. 

These tensions reflect a gap between technological innovation and regulatory frameworks, which 

affects the perception of legal certainty among logistics companies. 

The central problem addressed by this study is the legal uncertainty arising from the 

implementation of digital technologies in logistics in Callao. How do logistics companies perceive legal 

certainty when adopting digital tools, considering the regulatory ambiguities, legal contradictions, and 

associated ethical tensions? This research question arises from the need to understand not only the 

technical aspects of regulatory compliance but also the subjective perceptions of legality and risk, 

which directly influence companies' trust in digital systems. The lack of a comprehensive approach 

that addresses these complex dimensions represents a significant gap in the current literature, 

especially in port contexts in emerging economies such as Peru. 

The main objective of this research is to evaluate legal certainty in logistics companies in Callao 

using a neutrosophic model based on single valued neutrosophic number (SVNN)[7] and expert-based 

weighting using the Neutrosophic Analytic Hierarchy Process (AHP) [8], comparing companies with 

advanced and initial levels of digitalization. Secondarily, the study seeks to identify the main sources 

of legal uncertainty, such as contractual clarity, data protection, and trust in regulatory frameworks, 

in order to propose strategies to strengthen regulatory environments in the logistics sector. These 

objectives are designed to answer the research question, offering both a theoretical contribution, by 

advancing the application of neutrosophic approaches to legal problems, and a practical one, by 

providing applicable recommendations for regulators and companies in the context of digital 

transformation. 

 

2. Preliminaries 

2.1. Legal Security in Digital Transformation. 

 

Digital transformation has reshaped the landscape of global logistics operations, introducing tools 

such as electronic signatures, smart contracts, and traceability platforms that optimize efficiency, but 

also generate significant challenges in terms of legal certainty [9]. In contexts such as the Port of Callao, 

Peru's main logistics hub, the adoption of these technologies is crucial to maintaining competitiveness 

in international trade. However, the implementation of digital solutions raises questions about 

regulatory compliance, data protection, and contractual clarity, essential aspects to ensure the trust of 

companies and regulators. Legal certainty, understood as the certainty in the application of legal 

norms in digital environments, emerges as a fundamental pillar to mitigate risks and foster innovation 

in this sector. 
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Historically, logistics systems have evolved from manual processes to highly technological 

environments, especially in key ports like Callao, where reforms in the 2000s marked the beginning of 

modernization [10]. The introduction of technologies such as blockchain has enabled unprecedented 

traceability, while artificial intelligence optimizes real-time data management [11]. However, these 

advances have outpaced the capacity of regulatory frameworks to adapt, generating legal ambiguities 

that affect the perception of security among logistics actors. The lack of clarity regarding the validity 

of electronic contracts or criminal liability in digital disputes is a clear example of these tensions. 

The challenge of legal certainty in digital transformation lies in the difficulty of aligning rapid 

technological evolution with regulations that, in many cases, are obsolete or insufficient. How can 

logistics companies ensure regulatory compliance in an environment where laws have not kept pace 

with technology? This question highlights the need to address not only technical aspects but also 

perceptions of legality, which directly influence trust in digital platforms. Legal uncertainty can 

discourage companies from adopting innovative technologies, limiting the transformative potential of 

digitalization [12]. 

A promising approach to addressing this problem is the application of neutrosophic models, such 

as single valued neutrosophic neutrosophic numbers (SVNN)[13]  and Neutrosophic Analytic 

Hierarchy Process(NAHP) [14] . These methods allow for modeling the uncertainty and contradictions 

inherent in the perception of legal certainty, capturing dimensions such as truth, indeterminacy, and 

falsity. By comparing companies with different levels of digitalization, this approach reveals how 

technological maturity impacts trust in regulatory frameworks. For example, highly digitalized 

companies tend to perceive lower legal risk, although ethical dilemmas related to liability in digital 

environments persist. 

Assessing legal certainty in the digital transformation of Callao’s logistics sector requires 
understanding both technical factors and the subjective perceptions of stakeholders, particularly 

regarding challenges like data protection and the validity of electronic contracts. While clear 

regulatory frameworks can drive innovation and enhance port competitiveness, implementation is 

hindered by institutional fragmentation and resistance to change. In this context, neutrosophic models 

provide a comprehensive approach by integrating regulatory compliance with perceived risks, 

enabling practical recommendations such as guidelines for electronic contracts and cybersecurity 

standards. Strengthening legal certainty demands joint efforts from the public and private sectors, 

positioning the Port of Callao as a benchmark in digital logistics supported by clear and adaptive 

regulatory environments. 

2.2. Neutrosophic Logic 

Neutrosophic Logic is a formal extension of fuzzy logic that enables reasoning with incomplete, 

inconsistent, and ambiguous information, making it suitable for contexts where uncertainty, 

contradiction, and partial knowledge are present. It was introduced by Smarandache to overcome the 

binary and even fuzzy limitations by incorporating a three-component system: truth (T), 

indeterminacy (I), and falsity (F) [15,16]. 

Each situation, statement, or evaluation is expressed as a neutrosophic triplet [17,18]: 

 𝑃 =  (𝑇, 𝐼, 𝐹)           (1) 

Where: 

T ∈ [0⁻, 1⁺]: Degree of truth (certainty in legal interpretation) 
I ∈ [0⁻, 1⁺]: Degree of indeterminacy (regulatory ambiguity) 
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F ∈ [0⁻, 1⁺]: Degree of falsity (perceived contradiction or legal risk) 
Unlike classical logic systems, Neutrosophic Logic allows these values to be evaluated 

independently and without the constraint of summing to one[19]: 𝟎− ≤  𝑻 +  𝑰 +  𝑭 ≤  𝟑+            (2) 

This feature allows for the modeling of complex phenomena with overlapping, contradictory, or 

insufficient information, such as those commonly found in emerging regulatory frameworks or 

evolving legal interpretations. 

In this research, Neutrosophic Logic is applied to evaluate the perceptions and conditions related 

to legal certainty in the digital transformation of logistics companies in Callao, considering that these 

aspects present inherent degrees of uncertainty. Business perceptions, regulatory frameworks, and 

legal dilemmas are translated into neutrosophic values, allowing for inferences that integrate different 

levels of legal and technological certainty. 

The use of Neutrosophic Logic facilitates the integration of fragmented information on emerging 

regulatory frameworks, offering more reliable and representative inferences of legal reality in 

digitalized contexts. Furthermore, it encourages a flexible analysis that reflects regulatory complexity 

and the multiplicity of business perspectives, consolidating more responsible and contextualized 

decisions and improvement proposals for the port logistics sector [20]. 

While standard Neutrosophic Logic allows for the complete independence of Truth (T), 

Indeterminacy (I), and Falsity (F), this study adopts a pragmatic simplification for its application in the 

legal domain. It is posited that in the context of legal certainty, the perception of actors is primarily 

polarized between what is "legally certain" (Truth) and what is "clearly risky or illegal" (Falsity). Under 

this assumption, any aspect not falling into these two categories is naturally perceived as "ambiguous 

or uncertain" (Indeterminacy). Therefore, this research defines indeterminacy using the formula I = 1 - 

T - F. This constraint aligns the model with the structure of Intuitionistic Fuzzy Sets [21], allowing it to 

adequately capture the psychological and operational reality of the participants in this specific field 

while simplifying the data collection and analysis process. 

 

3. Materials and Methods 

 

Research Context and Participants 

 

The study was conducted among logistics companies operating in the Port of Callao during an 

eight-week evaluation period in 2024. The research aimed to empirically assess perceptions of legal 

certainty, opportunities, and legal dilemmas surrounding digital transformation using a neutrosophic 

evaluation model. 

Forty-four logistics companies from Callao participated, divided into two groups according to their 

level of digital maturity: 

 

• Control group: 20 companies with low digitalization (operating with traditional 

methodologies) 

• Experimental group: 24 highly digitalized companies (using advanced digital tools) 

 

The companies were selected based on criteria such as uniformity in operational size, years of 

operation in the port, and types of logistics services offered. 
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Evaluation Procedure 

The evaluation process was structured in three phases over the eight weeks: 

Phase 1 (Weeks 1-2): Initial diagnosis 

• Assessment of knowledge on digital regulatory frameworks 

• Analysis of documentation systems and contracts used 

• Identification of perceptions on data protection 

Phase 2 (Weeks 3-6): Operational Monitoring 

• Monitoring of legal risk management processes 

• Documentation of conflict resolution procedures 

• Analysis of trust levels in digital vs. traditional systems 

Phase 3 (Weeks 7-8): Final Evaluation 

• Measuring perceptions of global legal security 

• Comparative analysis between groups 

• Application of the complete neutrosophic model 

Neutrosophic Model of Legal Security Assessment 

Input Variables 

Single Valued Neutrosophics (SVNN), with their corresponding triplets (T , I, F ), where: 

• 𝑻 ∈  [𝟎, 𝟏]:Degree of perceived legal truth or certainty 

• 𝑰 ∈  [𝟎, 𝟏]:Degree of uncertainty or regulatory ambiguity 

• 𝑭 ∈  [𝟎, 𝟏]:Degree of perceived legal falsity or distrust 

The sum is not limited to 𝑇 + 𝐼 + 𝐹 = 1,what allows for more realistic management of legal 

uncertainty in contexts of digital transformation. 

Formal Definition of Variables 

Knowledge of digital regulatory frameworks:𝐾𝑝 =  (𝑇𝑘, 𝐼𝑘, 𝐹𝑘) 

Where: 𝑇𝑘 = 𝑁(𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟𝑦 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠)𝑁(𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠)       (3) 𝐼𝑘 =  1 −  |𝑇𝑘 −  𝐹𝑘|(2) 𝐹𝑘  = 𝑁(𝑛𝑜𝑟𝑚𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑡𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟𝑠)𝑁(𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠)      (4) 

 

Trust in digital documentation systems: 𝑃𝑑 =  (𝑇𝑝, 𝐼𝑝, 𝐹𝑝) 

Where: 𝑇𝑝 = 𝑁(𝑟𝑒𝑙𝑖𝑎𝑏𝑙𝑒 𝑑𝑖𝑔𝑖𝑡𝑎𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠)𝑁(𝑡𝑜𝑡𝑎𝑙 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠)  (5) 𝐼𝑝 =  1 −  |𝑇𝑝 −  𝐹𝑝|                                                       (6) 𝐹𝑝 = 𝑁(𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑒𝑑 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠)𝑁(𝑡𝑜𝑡𝑎𝑙 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠) 

 

Data protection perception :𝐷𝑎 =  (𝑇𝑑, 𝐼𝑑 , 𝐹𝑑) 

Where: 𝑇𝑑 = 𝑆𝑐𝑜𝑟𝑒(𝑑𝑎𝑡𝑎 𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦)𝑆𝑐𝑜𝑟𝑒(𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒)               (7) 𝐼𝑑 =  1 −  |𝑇𝑑 −  𝐹𝑑|                                                       (8) 𝐹𝑑 = 𝑁(𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡𝑠)𝑁(𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠)   (9) 

Quality of legal risk management: 𝑅𝑐 =  (𝑇𝑟, 𝐼𝑟, 𝐹𝑟) 

Where: 
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𝑇𝑟 = (𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒 +  𝑀𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒 +  𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒)𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒   (10) 𝐼𝑟 =  1 −  |𝑇𝑟 −  𝐹𝑟|                                                                                   (11) 𝐹𝑟 = 𝑁(𝑢𝑛𝑚𝑎𝑛𝑎𝑔𝑒𝑑 𝑟𝑖𝑠𝑘𝑠 +  𝑝𝑟𝑜𝑐𝑒𝑑𝑢𝑟𝑎𝑙 𝑒𝑟𝑟𝑜𝑟𝑠)𝑁(𝑡𝑜𝑡𝑎𝑙 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑠𝑖𝑡𝑢𝑎𝑡𝑖𝑜𝑛𝑠)            (12) 

Global Composition: Effectiveness of Legal Security 𝐸𝑙 = 𝑤1 ∙ 𝐾𝑝 + 𝑤2 ∙ 𝑃𝑑 + 𝑤3 ∙ 𝐷𝑎 + 𝑤4 ∙ 𝑅𝑐 (13) 

The neutrosophic evaluation E = (Te, Ie , Fe) is calculated as: 

 𝑇𝑒 = ∑ 𝑤𝑖 ∙ 𝑇𝑖𝑛
𝑖=1  

(14) 𝐼𝑒 = ∑ 𝑤𝑖 ∙ 𝐼𝑖𝑛
𝑖=1  

𝐹𝑒 = ∑ 𝑤𝑖 ∙ 𝐹𝑖𝑛
𝑖=1  

Weights established by Neutrosophic AHP: 𝑤(𝐾𝑝) =  0.25(Regulatory knowledge) 𝑤(𝑃𝑑) =  0.20(Contractual trust) 𝑤(𝐷𝑎) =  0.25(Data protection) 𝑤(𝑅𝑐) =  0.30(Legal risk management) 

The weights were established through expert analysis in digital law and port logistics using the 

Neutrosophic Analytic Hierarchy Process (Neutrosophic AHP) technique. A pairwise comparison 

matrix 𝑀 =  [𝑎𝑖𝑗]was constructed, where aij represents the relative preference of variable i over 

variable j. 

Normalization was carried out by: 

 

𝑤𝑖 = ∑ 𝑎𝑖𝑗∑ 𝑎𝑘𝑗𝑛𝑘=1𝑛𝑗=1 𝑛  
(15) 

Consistency was checked by: 𝐶𝑅 = 𝐶𝐼𝑅𝐼, 𝐼 = λ𝑚𝑎𝑥−𝑛𝑛−1 , where 𝐶𝑅 < 0.1indicates acceptable consistency. 

 

 

Interpretation of Results 

The neutrosophic model assesses the effectiveness of legal certainty in logistics digital 

transformation processes. The final score 𝐸𝑙 =  (𝑇𝑒, 𝐼𝑒, 𝐹𝑒)represents each company's neutrosophic 

perception of legal certainty: 

You close to 1: High degree of trust and legal certainty in digital processes 

High Ie: Significant degree of regulatory ambiguity or uncertainty that requires regulatory 

clarification 

High faith: Signs of mistrust or perceived legal limitations in the digital transformation 

Complementary Statistical Analysis 

To validate the neutrosophic results, traditional statistical tests were applied: 

Analysis of variance (ANOVA) to compare means between groups 

Post-hoc tests to identify specific differences 

Correlation analysis between neutrosophic variables 

Calculation of effect sizes (η²) to assess practical significance 
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Statistical significance criteria were established in 𝑝 ≤  0.05, complementing the neutrosophic 

interpretation with conventional statistical validation. 

 

4. Results 

 

With the aim of empirically analyzing the perceptions of legal certainty, opportunities, and legal 

dilemmas surrounding digital transformation in logistics companies in Callao, an intervention was 

designed based on a neutrosophic evaluation model that employs Single- Valued Neutrosophic 

Numbers (SVNN) logic and AHP (Analytic Hierarchy Processing) weighting. This intervention was 

applied over an eight-week evaluation period to logistics companies with different levels of digital 

maturity operating in the port of Callao. The experience sought to evaluate the effects of digitalization 

on the perception of legal certainty through a comparative approach with two different groups: 

companies with high digitalization (experimental) and companies with low digitalization (control). 

 

Research intervention 

 

The intervention consisted of comparing the impact of different levels of digital transformation on 

logistics companies' perceptions of legal certainty. The control group (companies with low 

digitalization) operated using traditional documentation methodologies, physical contracts, manual 

process verification, and conventional traceability systems without advanced technological 

integration. The experimental group (companies with high digitalization), on the other hand, used 

various digital tools such as electronic signatures, smart contracts, blockchain traceability platforms, 

digital document management systems, and legal risk analysis algorithms, which they actively 

employed to structure and manage their logistics operations. These tools facilitated the automation of 

legal processes, regulatory compliance analysis, and the generation of risk reports, improving the 

perception of legal certainty and transparency. 

The variables analyzed to evaluate the effects of digital transformation on legal security included: 

Level of knowledge about digital regulatory frameworks and regulatory compliance 

Level of trust in digital documentation and contract systems 

Perception of data protection and privacy in logistics processes 

Quality of legal risk management and conflict resolution procedures 
 

Table 1. Variables considered 

 

Variable Description Symbol Guy 

Regulatory knowledge Assessment of knowledge on digital legal 

frameworks 

Kp input 

Contractual trust Level of confidence in digital documentation 

systems 

P.S input 

Data protection Perception of security in the handling of 

sensitive information 

Give input 

Legal risk management Quality of procedures to identify and mitigate 

legal risks 

Rc input 

Effectiveness of Legal 

Security 

Global assessment of legal security in digital 

operations 

El expected 

result 
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Each input variable is represented as a neutrosophic triplet. 𝑥𝑖 = (𝑇𝑖, 𝐼𝑖, 𝐹𝑖). Taking one of the 

companies in the case study as an example, for the variable Regulatory Knowledge Kp , it would be: 𝐾𝑝 = (0.8,0.1,0.1) 

Where: 

Ti: degree of truth (high level of regulatory knowledge) 

II: degree of indeterminacy (uncertainty in the normative application) 

Fi: degree of falsehood (absence of knowledge or negative perception) 

The weights assigned to each variable (according to expert analysis using Neutrosophic AHP) 

would be as follows: 𝒘(𝑲𝒑) =  𝟎. 𝟐𝟓, 𝒘(𝑷𝒅) =  𝟎. 𝟐𝟎, 𝒘(𝑫𝒂) =  𝟎. 𝟐𝟓, 𝒘(𝑹𝒄) =  𝟎. 𝟑𝟎 

Application of the Neutrosophic Model 

The neutrosophic evaluation is calculated according to equation (13). Continuing with the same 

example, the neutrosophic triplet of a company in the experimental group is defined as follows: 

Input data: 

• 𝐾𝑝: (0.8, 0.1, 0.1)- Regulatory knowledge 

• 𝑃𝑑: (0.7, 0.2, 0.1)- Contractual trust 

• 𝐷𝑎: (0.6, 0.3, 0.1)- Data protection 

• 𝑅𝑐: (0.75, 0.2, 0.05)- Legal risk management 

Calculation according to equation (14): 

Neutrosophic Evaluation: 

Truth Component (Te): 𝑇𝑒 =  (0.25)(0.8) +  (0.20)(0.7) +  (0.25)(0.6) +  (0.30)(0.75)  𝑇𝑒 =  0.2000 +  0.1400 +  0.1500 +  0.2250 =  𝟎. 𝟕𝟏𝟓𝟎 

Indeterminacy Component (I_e): 𝐼𝑒 =  (0.25)(0.1) +  (0.20)(0.2) +  (0.25)(0.3) +  (0.30)(0.2)  𝐼𝑒 =  0.0250 +  0.0400 +  0.0750 +  0.0600 =  𝟎. 𝟐𝟎𝟎𝟎 

Falsehood Component (𝑭𝒆): 𝐹𝑒 = (0.25)( 0.1) + (0.20)(0.1) + (0.25)(0.1) + (0.30)(0.05) F_e = 0.0250 + 

0.0200 + 0.0250 + 0.0150 = 0.0850 

Bottom line: 𝑬𝒍 =  (𝟎. 𝟕𝟏𝟓𝟎, 𝟎. 𝟐𝟎𝟎𝟎, 𝟎. 𝟎𝟖𝟓𝟎) 

Interpretation of the result: 

For this specific case, the results are interpreted as follows: 

There is a 71.50% positive effectiveness (T) in the perception of legal security with high 

digitalization 

There is 20.00% ambiguity or uncertainty about digital legal frameworks 

8.50% of potential negative effects are presented, which suggests a favorable implementation but 

with legal aspects to monitor. 

General results of the case study 

The results obtained from applying the neutrosophic model described above are presented below. 

The analysis was organized into two parts: first, a description of the results by group (experimental 

and control), and second, a comparison between the two groups in relation to the key study variables. 

 

Results of the Experimental Group (High Digitalization) 

 
Table 2. Average neutrosophic values for the experimental group (n=24 companies) 

 

Variable T (Truth) I (Indeterminacy) F (Falsehood) 

Regulatory knowledge ( Kp ) 0.78 0.15 0.07 

Contractual trust (Pd) 0.82 0.11 0.07 

Data Protection (Da) 0.74 0.17 0.09 
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Legal risk management ( RC ) 0.80 0.13 0.07 

Perceived legal security (The) 0.79 0.14 0.07 

  

 

 
Figure 1: Comparative Analysis of Legal Security Variables. 

 

These results indicate that companies in the experimental group showed a high positive perception 

of legal certainty (T = 0.79), moderate indeterminacy (I = 0.14) and low perceptions of risk or 

disagreement (F = 0.07) regarding the digital transformation in their logistics operations. 

 

Control Group Results (Low Digitalization) 

 

Table 3. Average neutrosophic values for the control group (n=20 companies) 

 

Variable T (Truth) I (Indeterminacy) F (Falsehood) 

Regulatory knowledge ( Kp ) 0.65 0.23 0.12 

Contractual trust (Pd) 0.70 0.20 0.10 

Data Protection (Da) 0.68 0.22 0.10 

Legal risk management ( RC ) 0.69 0.23 0.08 

Perceived legal security (The) 0.68 0.22 0.10 

 

Comparatively, the control group presented a lower level of positive perception (T = 0.68) and 

greater indeterminacy (I = 0.22), which suggests greater legal ambiguity and less confidence in 

traditional regulatory frameworks compared to the experimental group. 
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Comparative Analysis 

 

Table 4. Comparison between the experimental and control groups 

 

Cluster You (Truth) Ie (Indeterminacy) Faith (Falsehood) 

Experimental (High Digitalization) 0.79 0.14 0.07 

Control (Low Digitalization) 0.68 0.22 0.10 

Difference (Δ) +0.11 -0.08 -0.03 

 

 
 

Figure 2: Neutrosophic Triplet (T, I, F) Radar Analysis. 

 

The experimental group significantly outperformed the control group in terms of positive 

perceptions of legal certainty (𝛥𝑇 =  +0.11)and showed lower regulatory ambiguity ( 𝛥𝐼 =  −0.08), 

suggesting that advanced digital transformation had a favorable impact on the structuring of corporate 

legal trust. The difference in falsity (𝛥𝐹 =  −0.03)also favored the experimental group. 

 
Table 5. Statistical comparison of the study variables 

 

Variable Cluster Average 
Standard 

deviation 
F p Comparison 

Regulatory knowledge 

( Kp ) 

Control 0.65 0.18 4.25 0.045* Exp > 

Control 

Experimental 0.78 0.15 
   

Contractual trust (Pd) Control 0.70 0.16 5.18 0.028* Exp > 

Control 

Experimental 0.82 0.12 
   

Data Protection (Da) Control 0.68 0.19 2.89 0.096 
 

Experimental 0.74 0.14 
   

Legal risk 

management ( RC ) 

Control 0.69 0.17 6.12 0.017* Exp > 

Control 

Experimental 0.80 0.13 
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Variable Cluster Average 
Standard 

deviation 
F p Comparison 

Perceived legal 

security (The) 

Control 0.68 0.15 8.94 0.005* Exp > 

Control 

Experimental 0.79 0.11 
   

*p ≤ 0.05 

 

The analysis of the results revealed that the group with the highest level of digitalization showed 

significant improvements in multiple dimensions of legal certainty. Trust in digital contractual 

frameworks was higher, reflecting a greater level of certainty in automated processes. Legal risk 

management, assessed through indicators of early conflict identification, dispute resolution 

procedures, and regulatory compliance, was clearly superior in the experimental group, 

demonstrating that technological assistance contributed to improving the quality of legal management 

and risk mitigation processes. Furthermore, companies stated that the use of digital technologies 

facilitated the documentation of complex processes and accelerated procedures that, under traditional 

methods, take more time and generate greater legal uncertainty. 

These findings suggest that incorporating digital transformation tools into port logistics can have 

positive effects on the perception of legal certainty, the level of regulatory trust, and the efficiency of 

legal risk management. Technology does not replace critical legal analysis, but rather complements it, 

helping companies improve their compliance capabilities and overcome the limitations of 

conventional legal management methods. 

The digital transformation of Callao’s port logistics marks a profound shift not only in technology 
but also in legal, procedural, and ethical structures. Tools like smart contracts, blockchain, and 

automated documentation systems enhance transparency, compliance, and risk detection in complex, 

multi-actor operations. However, tensions remain around legal liability, data protection, and 

document validity. Neutrosophic analysis highlights these concerns while confirming that 

digitalization, when supported by updated regulations and legal training, improves perceptions of 

legal certainty—especially in contract trust, risk management, and regulatory adherence. 

 

5. Conclusions 

 

This research demonstrated that evaluating legal certainty in the digital transformation of Callao’s 
logistics sector requires more than technological advancement—it demands a structured and context-

sensitive analytical approach. By applying a neutrosophic model based on Single Valued Neutrosophic 

Numbers (SVNN) and expert-based weighting through the Neutrosophic Analytic Hierarchy Process 

(AHP), the study was able to identify and quantify perceptions of truth, uncertainty, and falsity 

regarding legal certainty in digital logistics environments. 

The model proved effective in capturing the inherent ambiguity of regulatory interpretation, the 

legal risks posed by technology, and trust in automated systems. It successfully addressed 

contradictions between operational efficiency and legal responsibility, as well as between automation 

and human oversight. One of the most important findings was its capacity to represent the mixed 

perceptions logistics companies have about digitalization—highlighting both the benefits (such as 

traceability and efficiency) and the ongoing concerns (such as smart contract validity and liability in 

system failures). 

Ultimately, the study concludes that the future of logistics must emphasize a deliberate and 

regulated integration of digital technologies aimed at enhancing legal certainty. This includes the 
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development of clear legal frameworks, risk management protocols, and legal support systems. The 

success of this transition depends not only on digital tools, but on institutional capacity, regulatory 

foresight, and ethically responsible innovation that fosters transparency and confidence in Callao’s 
port logistics sector. 
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Abstract. The purpose of the research is to assess the viability of the right of recourse in Ecuador by creating neu-

trosophic plithogenic hypotheses with respect to uncertain results and conflicting trends in determining public offi-

cials' liability for their patrimony in order to publicly establish a reliable assessment of an objective relative to im-

proving recourse of public assets for injuries caused by dolus and culpa gravis. The investigation is descriptive, 

founded upon neutrosophic plithogenic philosophy which allows for hypothesis generation with truths, falsities, 

and uncertainties. Through an analysis of national court cases which determine the viability of recourse for the years 

2008-2018 in Ecuador and patterns of prediction in Argentina and Chile, all qualitative findings, as well as neutro-

sophic mathematics techniques relative to uncertainty, are assessed in a quantitative manner. Ultimately, the re-

searchers conclude that the right of recourse is inviable to an extent but for reasons not associated with establishing 

state accountability; rather, the uncertainty with dolus determination and the frequency of statutes of limitations are 

to blame. 70% of cases go unresolved due to uncertainty. Thus, through the neutrosophic plithogenic hypotheses 

generated, the right of recourse is viable to a certain extent but with limitations, setting implications for more precise 

legality and judicial training to foster the recourse and state accountability and restitution efforts in Ecuador. 

Keywords: Right of recourse, plithogenic hypothesis, neutrosophic, patrimonial liability, Ecuador.

1. Introduction 

 

The right of recourse in Ecuador, enshrined in the 2008 Constitution, allows the State to recover 

public funds paid as compensation for damages caused by public officials due to willful misconduct or 

gross negligence [1]. However, its implementation faces serious challenges, such as the lack of objective 

criteria for determining patrimonial liability, inconsistent statutes of limitations, and unclear judicial 

procedures, creating a significant gap between the constitutional norm and its practical application [2]. 

These limitations hinder accountability and effective reparation, perpetuating impunity and under-

mining trust in state institutions. The subjectivity in assessing criminal intent, coupled with the absence 

of specific regulations, hampers the resolution of cases, raising the need for an innovative approach to 

address the uncertainty in these processes. In this context, the research question is: how can an approach 

based on neutrosophic plithogenic hypotheses improve the viability of the right of recourse in Ecuador 

by addressing uncertainty in determining liability? Existing literature on the right of recourse in Latin 

America, such as studies in Colombia on Law 678 of 2001, highlights the importance of clear procedures 

but points out difficulties in proving criminal intent [3]. 

In Argentina, the 2014 Civil and Commercial Code regulates state liability but lacks specific guide-

lines for recourse, generating ambiguity [4]. In Ecuador, research such as that of González Villavicencio 

(2024) identifies the lack of detailed regulations as a key obstacle to the recovery of public funds [5]. 
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However, these studies do not address the uncertainty inherent in judicial processes or propose math-

ematical tools to resolve it, leaving a significant gap in the application of interdisciplinary methods such 

as neutrosophic plitogenic theory. This theory, which models contradictions and indeterminacies, offers 

a promising approach to overcome the limitations of traditional methods. The relevance of this study 

lies in the urgent need to strengthen accountability in Ecuador, where the ineffectiveness of the right of 

recourse compromises public resources and citizen trust [6]. By introducing a neutrosophic plitogenic 

approach, this research seeks to provide an objective framework for assessing responsibilities, contrib-

uting both to the legal field and to the development of interdisciplinary methodologies applicable to 

complex legal contexts.  

The overall objective is to assess the viability of the right of recourse in Ecuador by formulating 

neutrosophic plithogenic hypotheses that address the uncertainty in determining patrimonial liability. 

Specific objectives include identifying legal and procedural obstacles, formulating plithogenic hypoth-

eses to model uncertainty in the assessment of criminal intent, and proposing a methodological frame-

work to improve judicial proceedings. The hypotheses presented are: first, that neutrosophic plithogenic 

hypotheses reduce subjectivity in determining criminal intent, increasing the viability of the right of 

recourse; and second, that the lack of objective criteria in legal proceedings is the main factor limiting 

the recovery of public funds [7]. This study seeks to offer a practical tool for judges and legislators, 

strengthening administrative justice in Ecuador. 
 

2. Preliminaries. 

2.1. Right of Recourse 

 

The right of recourse, regulated in Article 11, paragraph 9 of the 2008 Constitution of the Republic 

of Ecuador, constitutes a legal mechanism that enables the State to recover public funds intended to 

compensate for damages caused by intentional or grossly negligent acts or omissions of its public offi-

cials [8]. The purpose of this instrument is to guarantee the financial liability of public servants and 

protect state assets from economic losses resulting from misconduct. However, its implementation in 

Ecuador faces significant challenges, including a lack of objective criteria for determining intentionality, 

inconsistencies in statutes of limitations, and the absence of standardized judicial procedures. These 

obstacles create a gap between constitutional provisions and their practical implementation, limiting 

the State's ability to recover public funds and undermining confidence in public administration . In this 

context, this article analyzes the viability of the right of recourse in Ecuador, integrating recent advances 

in administrative law and interdisciplinary approaches, such as neutrosophic plithogenic logic, to ad-

dress the uncertainty inherent in judicial processes. The State's patrimonial liability, the foundation of 

the right of recourse, establishes that public entities must compensate citizens for harm caused by their 

officials, and may subsequently claim such compensation from those responsible [9]. In Ecuador, the 

Organic Law on Jurisdictional Guarantees and Constitutional Control regulates this mechanism, but its 

effectiveness is compromised by the subjectivity in determining dolo, defined in the 2005 Civil Code as 

the positive intention to cause harm [10]. An analysis of court cases between 2008 and 2018 reveals that 

approximately 70% of recourse actions did not achieve effective resolutions due to ambiguous evidence 

and judicial discretion [11]. In comparison, countries such as Colombia, with Law 678 of 2001, have 

made progress in standardizing procedures, although difficulties persist in proving the intentionality 

of officials, which suggests the need for more robust analytical tools [12]. 

Recent advances in neutrosophic plithogenic logic, developed over the past five years, offer an inno-

vative approach to addressing uncertainty in legal proceedings. This methodology allows for the mod-

eling of complex phenomena through degrees of truth, falsity, and indeterminacy, being particularly 

useful for assessing intent or gross negligence in repetitive cases [13,14]. For example, a plithogenic 

model could assign neutrosophic values to judicial evidence, such as a 60% probability of intent, a 30% 

indeterminacy for ambiguous evidence, and a 10% falsity for lack of intentionality, reducing subjectivity 
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in rulings. This approach aligns with research advocating for the application of mathematical tools in 

administrative law to improve the accuracy of proceedings [14]. The integration of these methodologies 

could transform the assessment of liability in repetitive cases, offering a more objective framework for 

judicial decision-making. 

A significant challenge in Ecuador is the inconsistency in statutes of limitations, which vary between 

three years under the Organic Law on Jurisdictional Guarantees and four years under the Organic Code 

of the Judiciary, generating inequality before the law [15]. This discrepancy particularly affects judicial 

officials, who face different deadlines than other public servants, violating the principle of equality [16]. 

In contrast, countries such as Spain have implemented more coherent regulatory frameworks, such as 

Law 30/1992, which establishes mandatory recourse and uniform deadlines, achieving greater effective-

ness in the recovery of funds [17]. A comparative analysis suggests that standardization of procedures 

is essential to guarantee the effectiveness of the right of recourse, an aspect that Ecuador has not yet 

comprehensively addressed. 

Determining intent or gross negligence represents another critical hurdle. In Ecuador's legal system, 

intent requires demonstrating a clear intent to cause harm, but the lack of objective criteria leaves this 

assessment to judicial discretion [18]. Recent research proposes that tools such as neutrosophic regres-

sion models can quantify uncertainty in evidence, assigning probabilities to the official's intent [19]. An 

analysis of court cases in Ecuador between 2008 and 2018 showed that ambiguous evidence led to the 

dismissal of most retrial actions, reinforcing the need for methodologies that systematize the assessment 

of liability [20]. Such tools could be integrated into the judicial process to provide a more solid basis for 

rulings. 

Structural barriers, such as a lack of judicial training and the slowness of administrative processes, 

also limit the effectiveness of the right of recourse. Recent studies highlight that training judges in ad-

vanced analytical tools can improve decision-making in complex cases . In Argentina, the 2014 Civil and 

Commercial Code [15] clearly distinguishes between state and public officials' liability, offering a model 

that Ecuador could emulate through legislative reforms that specify the procedures and criteria for re-

course. Furthermore, the experience of Chile, where Law 18575 of 2000 regulates liability for "personal 

misconduct" without clearly defining it, underscores the importance of establishing precise parameters 

to avoid subjective interpretations[16]. 

The right of recourse is framed within the concept of transitional justice, which seeks to balance 

reparation for victims with the accountability of officials. In Ecuador, this balance is compromised by 

the lack of expeditious procedures and the reliance on judicial discretion. Neutrosophic plithogenic 

logic offers an innovative solution by allowing the modeling of complex causal relationships between 

legal, social, and economic factors that affect the implementation of the right of recourse. For example, 

a neutrosophic cognitive map could identify how a lack of judicial training and regulatory ambiguity 

contribute to the ineffectiveness of processes, proposing specific interventions to address these prob-

lems. 

In conclusion, the right of recourse in Ecuador is a fundamental instrument for the protection of 

public assets, but its implementation faces challenges related to judicial subjectivity, regulatory incon-

sistency, and a lack of analytical tools. The integration of neutrosophic plithogenic logic offers an inno-

vative way to address uncertainty, improving objectivity in determining liability. The findings highlight 

the need for legislative reforms and judicial training to ensure the mechanism's effectiveness. Future 

research should explore the practical application of neutrosophic models in real-life recourse cases, eval-

uate the impact of the proposed reforms on the recovery of public funds, and analyze public perceptions 

of administrative justice in Ecuador. 

 

 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Ambar Murillo Mena, Humberto Gosálbez-Pequeño, Fidel Márquez-Sánchez, Holger García-Segarra, Óscar José Alejo Ma-
chado. Formulation of Plithogenic Hypotheses to Evaluate the Viability of the Right of Recourse in Ecuador 

 

758 

2.2. Plithogenic Probability 

 

Neutrosophic (or indeterminate) data are characterized by inherent vagueness, lack of clarity, in-

completeness, partial unknowns, and conflicting information [17,18]. Data can be classified as quantita-

tive (metric), qualitative (categorical), or a combination of both. Plithogenic variable data [19] describe 

the connections or correlations between neutrosophic variables. A neutrosophic variable [20, 21], which 

can be a function or operator, treats neutrosophic data in its arguments, its values, or both. Complex 

problems often require multiple measurements and observations due to their multidimensional nature, 

such as the measurements needed in scientific investigations. Neutrosophic variables may exhibit de-

pendence, independence , partial dependence, partial independence, or partial indeterminacy as in sci-

ence [22]. 

A Plithogenic Set [22,23] is a non-empty set 𝑃whose elements within the domain of discourse 𝑈( 𝑃 ⊆𝑈) are characterized by one or more attributes 𝐴1,  𝐴2, ⋯ , 𝐴𝑚, where m is at least 1. where each attribute 
can have a set of possible values within the spectrum 𝑆of values (states), such that 𝑆it can be a finite, 
infinite, discrete, continuous, open or closed set. 

Each element 𝑥 ∈ 𝑃 is characterized by all possible values of the attributes within the set 𝑉 ={𝜈1, 𝜈2, ⋯ , 𝜈𝑛 }. The value of an attribute has a degree of membership 𝑑(𝑥, 𝑣)in an element 𝑥of the set.𝑃, 
based on a specific criterion . The degree of membership can be diffuse, diffuse intuitionist or neutro-
sophic, among others [24] . 

That means, 
 ∀𝑥 ∈  𝑃, 𝑑: 𝑃 × 𝑉 →  𝒫 ([0, 1]𝑧  )                    (1) 
Where𝑑(𝑥, 𝑣) ⊆ [0, 1]𝑧 and 𝒫 ([0, 1]𝑧  )is the power set of [0, 1]𝑧.𝑧 =  1 (the diffuse degree of belong-

ing), 𝑧 =  2(the intuitionist diffuse degree of belonging) or 𝑧 =  3 (the neutrosophic degree of belong-
ing). 

Plithogenic statistics [25,26], derived from the analysis of plithogenic variables, represents a multi-

variate  probability (" plitho " meaning "many" and synonym of "multi"). It can be considered a proba-

bility composed of subprobabilities, where each subprobability describes the behavior of a specific var-

iable. The event under study is assumed to be influenced by one or more variables, each represented by 

a probability distribution (density) function (PDF). 

Consider an event E in a given probability space, either classical or neutrosophic, determined by 𝑛 ≥ 2 variables 𝑣1, 𝑣2, … , 𝑣𝑛, denoted as 𝐸(𝑣1, 𝑣2, … , 𝑣𝑛). The multivariate probability of event E occurring, 

called MVP(E), is based on multiple probabilities. Specifically, it depends on the probability of event E 

occurring with respect to each variable: 𝑃1(𝐸(𝑣1))for variable 𝑣1, 𝑃2(𝐸(𝑣2))for variable 𝑣2, etc. There-

fore, 𝑀𝑉𝑃(𝐸(𝑣1, 𝑣2, … , 𝑣𝑛)) is represented as (𝑃1(𝐸(𝑣1)), 𝑃2(𝐸(𝑣2)), … , 𝑃𝑛(𝐸(𝑣𝑛))) . The variables 𝑣1, 𝑣2, … , 𝑣𝑛, and probabilities 𝑃1, 𝑃2, … , 𝑃𝑛, can be classical or have some degree of indeterminacy [27]. 

To make the transition from plithogenic neutrosophic probability (PNP) to univariate neutrosophic 

probability UNP, we use the conjunction operator [28]: 𝑈𝑁𝑃(𝑣1,  𝑣2, . . . ,  𝑣𝑛) = 𝑣1 ⋀  𝑣𝑛𝑛𝑖=1         ( 2 ) ∧ In this context, it is a neutrosophic conjunction (t-norm). If we take∧𝑝 as the plithogenic conjunc-

tion between probabilities of the PNP type, where (𝑇𝐴, 𝐼𝐴, 𝐹𝐴) ∧𝑝 (𝑇𝐵 , 𝐼𝐵 , 𝐹𝐵) = (𝑇𝐴 ∧ 𝑇𝐵 , 𝐼𝐴 ∨ 𝐼𝐵 , 𝐹𝐴 ∨ 𝐹𝐵), 

such that ∧is the minimum t-norm of fuzzy logic and ∨the maximum t-norm [26, 27]. 

 

a. Formulate the hypothesis 

Start by explicitly stating the hypothesis you intend to test. Make sure it indicates a cause-and-ef-

fect relationship between the variables. For example, "More study time leads to higher test scores." 
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b. Identify key variables 

Identify the independent variable, which is the cause, and the dependent variable, which is the ef-

fect, in your hypothesis. This helps direct your research questions toward the exact relationship you 

need to investigate. 

c. Formulate specific research questions 

Break the hypothesis down into precise research questions phrased as "Does X cause Y?" This allows 

for a thorough and focused examination of the postulated correlation. 

d. Conduct stance  analysis on scientific literature. 

To perform a stance analysis on a research paper and quantify the occurrences of "Yes," "Possibil-

ity/Uncertainty," and "No," a stance analysis tool for scientific statements is needed. In this case, we used 

Consensus Meter algorithms to categorize statements into three distinct groups: Positive (affirmative), 

Uncertainty (possibility or uncertainty), and Negative (negative). 

e. Formulate neutrosophic probabilistic hypotheses 

Determine the reasons for each category to construct the neutrosophic probability hypothesis (T, I, 

F), where T denotes the truth value, I represents indeterminacy, and F indicates falsity. 

f. Calculate the plithogenic neutrosophic probability (PNP) 

Using the neutrosophic probabilities assigned to each question, the univariate neutrosophic proba-

bility (UNP) is calculated to assess the strength of the overall hypothesis. This process involves combin-

ing the separate probabilities to provide a comprehensive assessment of the overall hypothesis.[28] 𝑈𝑁𝑃(𝑣1,  𝑣2, . . . ,  𝑣𝑛) = (𝑀𝑖𝑛(𝑡1, 𝑡𝑛 , … , 𝑡𝑛), 𝑀𝑎𝑥(𝑖1, 𝑖𝑛 , … , 𝑖𝑛), 𝑀𝑎𝑥(𝑓1, 𝑓𝑛 , … , 𝑓𝑛)) (3) 

Where: 𝑇1, 𝑇2, … , 𝑇𝑛: are the truth probability values for each question. 𝐼1, 𝐼2, … , 𝐼𝑛: are the probability values of indeterminacy for each question. 𝐹1, 𝐹2, … , 𝐹𝑛: are the probability values of falsehood for each question 

g. Analyze the validity of the general hypothesis. 

In this case, the negation of NPH is represented as [29]: 

 (𝑇, 𝐼, 𝐹)  =  (𝐹, 𝐼, 𝑇)           (4) 

 

This step involves analyzing the negated neutrosophic probabilities to assess the overall strength 

and reliability of the general hypothesis. By evaluating the levels of falsity, uncertainty, and veracity, 

one can determine the degree to which the hypothesis is valid, ambiguous, or incorrect according to the 

scientific literature. 

To translate stance detection outcomes from scientific literature into a neutrosophic statistical frame-

work, a systematic mapping is employed. Initially, a stance detection tool, like 'Consensus' [30] (as 

shown in the provided capture), categorizes research findings. These outputs are then mapped to the 

core neutrosophic components: Truth (T), Indeterminacy (I), and Falsity (F). 
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Figure 1. A View of the 'Consensus Meter' Tool and its Application in Stance Analysis regarding a Scientific 

Hypothesis, Based on Literature. 

Under this mapping, affirmative stances (e.g., 'Yes') inform the T component, while negative stances 

(e.g., 'No') inform F. Crucially, categories such as 'Possibility' and 'Mixed,' which indicate ambiguity or 

a spectrum of results, are quantified as contributing to the I component, representing the inherent un-

certainty. These qualitative stances are converted into quantitative (T,I,F) neutrosophic sets, typically 

through normalized frequencies of occurrence. These sets then form the empirical basis for various neu-

trosophic statistical analyses, facilitating a more nuanced evaluation of scientific evidence by explicitly 

incorporating degrees of indeterminacy[31]. 

3.  Case study. 

 

Formulation of the Hypothesis 

Central Hypothesis: Neutrosophic plithogenic hypotheses can significantly reduce subjectivity in 

determining intent and gross negligence in recourse proceedings in Ecuador, increasing the feasibility 

of recovering public funds, provided that clear objective criteria are established in legal proceedings 

and specialized judicial training is strengthened. 

Identification of Key Variables 

• Independent Variable: Application of neutrosophic plithogenic hypotheses in the evaluation 

of intent and gross negligence 

• Dependent Variable: Viability and effectiveness of the right of recourse for the recovery of 

public funds 
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Specific Research Questions 

Q1: Do objective criteria based on plithogenic hypotheses reduce subjectivity in determining in-

tent? 

Variable: Reduction of subjectivity through objective plithogenic criteria 

Q2: Is the lack of clear criteria the main obstacle to the effectiveness of the right of recourse in 

Ecuador? 

Variable: Impact of the absence of clear criteria on procedural effectiveness 

Q3: Do current statutes of limitations allow for an adequate assessment of patrimonial liability? 

Variable: Adaptation of the limitation periods for assessing liability 

Q4: Does specialized judicial training improve the application of the right of recourse? 

Variable: Effect of judicial training on the quality of decisions 

Q5: Is there a direct correlation between regulatory clarity and the effective recovery of public 

funds? 

Variable: Relationship between regulatory clarity and recovery of funds 

Stance Analysis on Scientific Literature and Court Cases 

The a consensus.app tool was applied that classifies the positions into three categories: 

Table 1: Stance  Analysis on Literature and Court Cases 

 
Positive stance Indeterminate stance Negative stance Neutrosophic Probability 

Q1 8  12  5  (0.32, 0.48, 0.20) 

Q2 18  5  2  (0.72, 0.20, 0.08) 

Q3 6  15  4  (0.24, 0.60, 0.16) 

Q4 14  8  3  (0.56, 0.32, 0.12) 

Q5 16  7  2  (0.64, 0.28, 0.08) 

 

Figure 2. Stance Analysis on Literature and Court Cases 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Ambar Murillo Mena, Humberto Gosálbez-Pequeño, Fidel Márquez-Sánchez, Holger García-Segarra, Óscar José Alejo Ma-
chado. Formulation of Plithogenic Hypotheses to Evaluate the Viability of the Right of Recourse in Ecuador 

 

762 

Formulation of Neutrosophic Probabilistic Hypotheses 

Question 1 (Q1): Reduction of subjectivity 

• Positive (T1): 0.32 

• Indeterminacy (I1): 0.48 

• Negative (F1): 0.20 

Question 2 (Q2): Main obstacle - lack of criteria 

• Positive (T2): 0.72 

• Indeterminacy (I2): 0.20 

• Negative (F2): 0.08 

Question 3 (Q3): Adaptation of prescription periods 

• Positive (T3): 0.24 

• Indeterminacy (I3): 0.60 

• Negative (F3): 0.16 

Question 4 (Q4): Judicial training 

• Positive (T4): 0.56 

• Indeterminacy (I4): 0.32 

• Negative (F4): 0.12 

Question 5 (Q5): Clarity-recovery correlation 

• Positive (T5): 0.64 

• Indeterminacy (I5): 0.28 

• Negative (F5): 0.08 

6. Calculation of the Plithogenic Neutrosophic Probability (PNP) 

Applying the neutrosophic conjunction operator: 𝑈𝑁𝑃(𝑣1,  𝑣2, . . . ,  𝑣𝑛) = (𝑀𝑖𝑛(𝑡1, 𝑡𝑛 , … , 𝑡𝑛) , 𝑀𝑎𝑥(𝑖1, 𝑖𝑛 , … , 𝑖𝑛), 𝑀𝑎𝑥(𝑓1, 𝑓𝑛 , … , 𝑓𝑛)) (3) 

Step -by-step calculation : 

Truth Values (T): 

• 𝑇1 =  0.32 
• 𝑇2 =  0.72 
• 𝑇3 =  0.24 
• 𝑇4 =  0.56 
• 𝑇5 =  0.64 𝒎𝒊𝒏(𝟎. 𝟑𝟐, 𝟎. 𝟕𝟐, 𝟎. 𝟐𝟒, 𝟎. 𝟓𝟔, 𝟎. 𝟔𝟒)  =  𝟎. 𝟐𝟒 

Indeterminacy Values (I): 

• 𝐼1 =  0.48 
• 𝐼2 =  0.20 
• 𝐼3 =  0.60 
• 𝐼4 =  0.32 
• 𝐼5 =  0.28 𝒎𝒂𝒙(𝟎. 𝟒𝟖, 𝟎. 𝟐𝟎, 𝟎. 𝟔𝟎, 𝟎. 𝟑𝟐, 𝟎. 𝟐𝟖)  =  𝟎. 𝟔𝟎 

Falsehood Values (F): 

• 𝐹1 =  0.20 
• 𝐹2 =  0.08 
• 𝐹3 =  0.16 
• 𝐹4 =  0.12 
• 𝐹5 =  0.08 𝒎𝒂𝒙(𝟎. 𝟐𝟎, 𝟎. 𝟎𝟖, 𝟎. 𝟏𝟔, 𝟎. 𝟏𝟐, 𝟎. 𝟎𝟖)  =  𝟎. 𝟐𝟎 
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Final Result - Univariate Neutrosophic Probability (UNP) 𝑼𝑵𝑷 =  (𝟎. 𝟐𝟒, 𝟎. 𝟔𝟎, 𝟎. 𝟐𝟎) 

 

Figure 3: Univariate Neutrosophic Probability . 

Interpretation of Results: 

• 0.24 (Truth Value): The probability that the hypothesis is completely true is 24%, indicating 

limited confidence in the overall validity of the hypothesis based on the cases analyzed. 

• 0.60 (Indeterminacy): There is a 60% degree of indeterminacy, which reveals a very significant 

amount of uncertainty in the data and cases reviewed. This high degree of indeterminacy re-

flects the complexity and ambiguity of the Ecuadorian legal system regarding the right of re-

course. 

• 0.20 (Falsehood): The probability that the hypothesis is false is 20%, relatively moderate, but 

must be considered in the final analysis. 

8. Analysis of the Validity of the General Hypothesis 

Applying the denial of the plithogenic neutrosophic hypothesis:(𝑻, 𝑰, 𝑭)  =  (𝑭, 𝑰, 𝑻) 𝑵𝒆𝒈𝒂𝒕𝒆𝒅 𝑯𝒚𝒑𝒐𝒕𝒉𝒆𝒔𝒊𝒔. =  (𝟎. 𝟐𝟎, 𝟎. 𝟔𝟎, 𝟎. 𝟐𝟒) 

This analysis confirms that: 

• The falsity of the original hypothesis (0.20) becomes the truth value of the negation 

• The uncertainty remains constant (0.60) 

• The original truth value (0.24) becomes the falsity of the negation 

Detailed Analysis of the Results 

The results reveal a complex scenario in the Ecuadorian right of recourse: 
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Key Findings: 

1. High Indeterminacy (60%): The largest proportion corresponds to uncertainty, reflecting the 

normative and procedural ambiguity that characterizes the system. 

2. Low Certainty of Success (24%): The limited probability of truth indicates that current condi-

tions do not significantly favor the viability of the right of recourse. 

3. Moderate Risk of Failure (20%): Although there is a probability of falsification, it is not pre-

dominant, suggesting that there are redeemable elements in the current system. 

Practical Implications: 

• For Legislators: The high level of uncertainty demands urgent regulatory reforms that establish 

clear objective criteria. 

• For the Judiciary: Specialized training and standardized protocols are required to reduce sub-

jectivity. 

• For Public Administration: It is necessary to implement systems for the prevention and early 

detection of acts that may generate financial liability. 

4. Conclusions 

The neutrosophic plithogenic analysis of the right of recourse in Ecuador reveals a Univariate Neu-

trosophic Probability (UNP) of (0.24, 0.60, 0.20). This indicates a low truth probability (24%) for the 

hypothesis that neutrosophic plithogenic approaches can significantly reduce subjectivity and increase 

the viability of recovering public funds under current conditions. The most prominent finding is the 

predominance of uncertainty (60%), which confirms that the lack of objective criteria is indeed the main 

obstacle to the effectiveness of the right of recourse in the country. 

The moderate falsehood probability (20%) suggests that the current system has redeemable elements 

and can be viable if appropriate reforms are implemented. To improve viability, the development of 

objective criteria using plithogenic frameworks for assessing intent and gross negligence is recom-

mended. Furthermore, it is crucial to establish specialized judicial training programs in administrative 

law and property liability, along with regulatory reforms to review statutes of limitations and proce-

dures to make them more effective. The implementation of a monitoring system to evaluate the effec-

tiveness of these measures is also fundamental. 
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Abstract. This study proposes the hybrid NEAML-BIOPASTAZA (Neutrosophic and Explainable Artificial Learn-
ing) model for Biodiversity and Legal-Ecological Assessment in Pastaza, which integrates multivariate statistical 
analysis, neutrosophic logic, and supervised machine learning to assess the relationship between environmental 
literacy and the effectiveness of the legal framework for biodiversity conservation in the Pastaza canton. Using a 
database of 350 observations, exploratory factor analysis was applied to validate the latent structure of the "environ-
mental literacy" construct, considering variables such as legal knowledge, biodiversity perception, community par-
ticipation, and media exposure. To manage the uncertainty inherent in social responses, a neutrosophic model was 
implemented, capturing the degrees of truth (T), indeterminacy (I), and falsity (F) of each perception. Finally, a 
Random Forest Classifier was used to predict the level of effective conservation, identifying the most relevant factors 
in local ecological decision-making. The combined approach allows for a more comprehensive and explanatory view 
of the problem, highlighting the need to strengthen environmental education, legal implementation, and community 
participation as pillars for the sustainable management of Amazonian biodiversity. 

Keywords: Environmental literacy, Biodiversity conservation, Environmental legal framework, Exploratory factor 
analysis, Neutrosophic logic, Supervised machine learning. 

 

1. Introduction 

In a global context marked by the accelerated deterioration of ecosystems and the loss of biodiversity, 
there is a growing need to strengthen strategies that promote environmental conservation. One of the 
fundamental tools for achieving this goal is environmental literacy, understood as the ability to under-
stand, assess, and respond to ecological problems. Citizens' environmental awareness and knowledge 
are crucial for sustainable decision-making and compliance with current regulations. However, these 
efforts must be coordinated with an effective legal framework that guarantees the protection of natural 
resources and sanctions their deterioration. Biodiversity conservation depends not only on written laws 
but also on their effective enforcement and the active participation of society. In regions of high ecolog-
ical diversity, where natural resources are key to local well-being, the interaction between legislation 
and environmental education becomes crucial . Therefore, it is necessary to explore the connections 
between the level of environmental literacy, the effectiveness of regulations, and the capacity to con-
serve biodiversity. This research seeks to contribute to this analysis through an interdisciplinary ap-
proach, integrating statistics, artificial intelligence and neutrosophic theory [1]. 

This study proposes a hybrid model called NEAML-BIOPASTAZA, which combines multivariate 
statistical analysis, neutrosophic logic, and machine learning to evaluate the relationship between social 
and environmental variables. It is assumed that higher levels of environmental literacy and citizen par-
ticipation contribute positively to the effectiveness of current environmental legislation. To validate this 
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hypothesis, exploratory factor analysis is applied to a database of 350 observations, in order to identify 
latent structures around the population's environmental knowledge, attitudes, and practices. Neutro-
sophic logic is then incorporated to represent the uncertainty inherent in social perceptions, considering 
components of truth, indeterminacy, and falsity. Finally, a supervised learning model is implemented 
using Random Forest , with the aim of predicting the level of effective conservation based on the factors 
assessed. This methodological integration allows for a more robust view of the determinants of conser-
vation in ecologically sensitive areas [2]. 

The importance of this research lies in its innovative approach, applicable to multiple contexts with 
similar biological richness and structural challenges. The NEAML-BIOPASTAZA model generates use-
ful evidence for the design of more comprehensive public policies that not only consider legal strength-
ening, but also educational promotion and community participation as strategic pillars. The combina-
tion of quantitative, neutrosophic, and predictive approaches overcomes the traditional limitations of 
environmental analysis and advances toward explanatory models more adapted to the complexity of 
the territory. Furthermore, it highlights the need to implement sustainable and accessible environmental 
education programs that improve citizen understanding of laws and their ecological implications. Thus, 
the study proposes a way to strengthen the interaction between an informed citizenry and effective 
environmental governance, contributing to the preservation of natural heritage and long-term socio-
environmental sustainability [3]. 
 

2. Related Work 

 
In the field of conservation, research has underscored the importance of education and public par-

ticipation. In the study , entitled "Environmental Literacy and Public Participation: Key Factors in Bio-
diversity Conservation Policies", the authors analyze how citizen environmental literacy influences the 
effectiveness of public conservation policies. Their analysis, based on statistical analysis and qualitative 
interviews in communities with high ecological value, reveals a key finding: an understanding of both 
ecological and legal concepts fosters increased citizen participation and strengthens regulatory imple-
mentation. They conclude that the synergy between education and governance is essential for achieving 
sustainable results [4]. 

In a complementary manner, the research  "Legal Frameworks and Conservation Effectiveness in the 
Global South: Challenges and Innovations", examines how the effectiveness of legal frameworks in 
countries of the Global South is influenced by social, cultural, and economic factors. Through the anal-
ysis of cases in tropical regions with high biodiversity, she proposes the use of participatory and inter-
disciplinary approaches to improve their implementation. The study highlights the importance of inte-
grating community knowledge, environmental education, and technology to overcome the gaps be-
tween legislation and practice[5]. 

 

3. Materials and methods 

 
This research adopts an explanatory quantitative methodology, with a non-experimental design and 

a multi-methodological approach, integrating statistics, neutrosophic logic, and machine learning. Ini-
tially, a database of 350 cases was constructed, which included key variables such as environmental 
literacy, legal knowledge, biodiversity perception, community participation, and frequency of contact 
with the media. Through exploratory factor analysis (EFA), latent structures were identified that vali-
date the environmental literacy construct and its relationship with other associated factors. This stage 
allowed reducing the dimensionality of the data and confirmed the internal consistency of the items 
considered [6]. 

 Subsequently, a neutrosophic approach was applied to represent uncertainty, ambiguity, and the 
subjective perception of social responses, characterizing each variable with truth (T), indeterminacy (I), 
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and falsity (F) values. These components were incorporated as inputs into a supervised learning model, 
specifically a Random Forest Classifier, which was trained to predict the level of effective conservation. 
Cross-validation and performance metrics such as precision, recall, and AUC-ROC were used to evalu-
ate model performance. The integration of these techniques allows for a deeper and more explanatory 
understanding of the factors that influence biodiversity conservation in contexts of high ecological di-
versity [7]. 

 
Environmental literacy 

Environmental literacy refers to people's ability to understand ecological issues, critically evaluate 
environmental information, and make responsible decisions for the benefit of the natural environment. 
In this research, it represents a fundamental component for analyzing how citizen knowledge and 
awareness influence the effective protection of biodiversity. Literacy is not limited to theoretical 
knowledge but includes practical skills for interpreting the environment, recognizing environmental 
threats, and acting in accordance with legal and ethical standards. An adequate level of environmental 
literacy empowers communities, encourages their participation in environmental policies, and facili-
tates compliance with the legal framework. This variable is approached as a latent construct measured 
through exploratory factor analysis, given its multidimensional complexity. Its strengthening is key to 
promoting sustainable cultural changes in regions of high ecological diversity [8]. 

 
Biodiversity conservation 

Biodiversity conservation involves the protection, sustainable management, and restoration of eco-
systems, species, and genetic resources that constitute a region's natural heritage. In this study, it is 
analyzed as a dependent variable whose level is influenced by social factors such as environmental 
literacy, knowledge of the legal framework, and community participation. Biodiversity is a vital com-
ponent of human well-being, especially in areas of high ecological richness where many communities 
directly depend on natural resources for their subsistence. However, its conservation faces challenges 
such as agricultural expansion, deforestation, and non-compliance with environmental laws. Therefore 
, the study proposes a predictive model to evaluate the effectiveness of conservation actions according 
to the evaluated factors. This perspective allows the formulation of recommendations to improve both 
local policies and practices [9]. 

 
Environmental legal framework 

The environmental legal framework comprises the set of norms, regulations, sanctions, and legal 
principles that govern environmental protection. Its effectiveness is a determining factor for biodiver-
sity conservation, especially in regions where ecosystems are under constant pressure. In this research, 
the legal framework is analyzed not only as a normative body, but also in relation to its actual applica-
tion, its awareness by citizens, and its interaction with other social factors. Lack of legal knowledge, 
poor implementation, and weak community participation are obstacles that reduce its impact. There-
fore, the level of legal knowledge is assessed as part of the environmental literacy construct, and its 
predictive weight is analyzed in the Random Forest Proposed Model. The research also considers the 
gaps between the written law and its application, which is modeled with the help of neutrosophic logic 
[10]. 

 
Exploratory factor analysis 

Exploratory factor analysis (EFA) is a multivariate statistical technique that allows the identification 
of latent structures within a set of observed variables. In the context of this research, it is used to validate 
the environmental literacy construct based on different dimensions, such as legal knowledge, ecological 
perception, and participation practices. EFA reduces the complexity of the dataset and groups variables 
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according to common factors, which facilitates a better theoretical interpretation. This approach is es-
sential to ensure that the measurements used adequately represent the defined theoretical concepts. 
Furthermore, it serves as a preliminary phase to feed the machine learning model, ensuring that the 
variables entering the algorithm are robust and reliable. Its implementation contributes to corroborate 
the internal validity of the proposed model and improves the accuracy of predictions about effective 
conservation [11]. 

 
General mathematical model of exploratory factor analysis (EFA) 

 
The general model of Exploratory Factor Analysis (EFA) is represented as: 

 𝑿 =  𝜦𝑭 +  𝜺.         (1) 
 
Where: 𝑿 =  [𝑿𝟏 , 𝑿𝟐 , . . . , 𝑿𝒑]𝑻is the vector of observed variables. 𝜦 = [𝜆𝑖𝑗] It is the matrix of factor loadings of dimension 𝑝 × 𝑚that represents the relationship between the 

observed variables and the factors. latent common  𝑭 = [𝐹1, 𝐹2, . . . , 𝐹𝑚]𝑇 𝑒𝑠 𝑒𝑙 𝑣𝑒𝑐𝑡𝑜𝑟 𝑑𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑠 𝑐𝑜𝑚𝑢𝑛𝑒𝑠. 𝜺 = [ϵ1, ϵ2, . . . , ϵ𝑚]𝑇  𝑒s the vector of specific errors 
 

In the context of this research, the EFA is used to identify latent structures such as the environmental 
literacy construct, integrating variables such as legal knowledge, ecological perception, and citizen par-
ticipation. 

 
Neutrosophic logic 

Neutrosophic logic is a theoretical framework developed to manage uncertainty, contradiction, and 
ambiguity in complex systems. Unlike classical logic, it allows to represent the degree of truth (T), falsity 
(F), and indeterminacy (I) of a statement or perception. In this research, it is applied to model social 
responses related to environmental literacy, legal knowledge, and biodiversity perception, recognizing 
that human responses are rarely absolute. This logic allows a more realistic treatment of qualitative 
variables, especially when working with surveys where participants may have ambiguous, biased, or 
contradictory opinions. By incorporating these neutrosophic values into the predictive model, the sys-
tem's ability to represent complex social contexts is improved. This integration strengthens the NEAML-
BIOPASTAZA model by providing a solid basis for interpreting uncertainty in the data [12,13]. 

 
Neutrosophic mathematical model . 
 
Neutrosophic logic introduces three essential components that allow any judgment to be modeled: 
T: Degree of truth of a statement or assessment 
I: Degree of indeterminacy (doubt, ambiguity, contradiction) 
F: Degree of falsehood 
 
Each statement or judgment is represented as a neutrosophic triplet: 𝑨 = (𝑻𝑨, 𝑰𝑨, 𝑭𝑨)  𝒄𝒐𝒏  𝑻𝑨, 𝑰𝑨, 𝑭𝑨 ∈ [𝟎, 𝟏]  𝒚   𝑻𝑨 + 𝑰𝑨 + 𝑭𝑨 ≤ 𝟑    (2) 

 

Supervised machine learning 

Supervised machine learning is a branch of artificial intelligence that uses algorithms to learn pat-
terns from labeled data and make predictions about new cases. In this study, it is implemented using 
the Random Forest Classifier (RAC), which aims to predict the level of effective biodiversity 
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conservation based on variables such as environmental literacy, community participation, and legal 
knowledge. This approach makes it possible to identify the most influential factors in conservation out-
comes, providing key insights for decision-making. Unlike traditional statistical models, machine learn-
ing algorithms can capture nonlinear and complex relationships between variables. Furthermore, their 
ability to explain the importance of each predictor makes them ideal for social and environmental im-
pact studies. This approach allows the integration of quantitative data, neutrosophic insights, and latent 
structures into a comprehensive and explanatory analysis system [14]. 

 
Random Forest Classifier 

The Random Forest Classifier is a supervised machine learning algorithm that builds multiple de-
cision trees and combines their outputs to improve prediction accuracy. This approach is based on the 
ensemble principle (ensemble learning), where each tree makes decisions independently and the final 
output is voted or averaged, which reduces the risk of overfitting and improves model generalization. 
It is especially effective when working with heterogeneous data, nonlinear correlations, and multiple 
predictor variables [15]. 

 

Random Mathematical Forest Model Classifier 
The Random Forest model is based on an ensemble of decision trees trained on random subsets :  ŷ =  𝑚𝑜𝑑𝑒{ℎ₁(𝑥), ℎ₂(𝑥), . . . , ℎ_𝑀(𝑥)}        (3)  

 

Where:  𝒉_𝒎(𝒙)is the prediction of tree m for input x  𝒎𝒐𝒅𝒆{}represents the majority vote among the trees. 
This research uses Random Forest to predict the level of effective conservation based on variables 

such as environmental literacy, biodiversity perception, and legal knowledge, integrating statistical 
and neutrophilic information. 

 
4. Results 
 

The application of the DDPP methodology in this research allows addressing the problem of biodi-
versity conservation from a comprehensive perspective. In the descriptive phase , variables such as 
environmental literacy, community participation, and legal knowledge are characterized using basic 
statistics. In the diagnostic phase , exploratory factor analysis and neutrosophic logic are used to iden-
tify latent structures and uncertainties in social perception. In the predictive phase, the Random Forest 
algorithm is applied to estimate the level of effective conservation based on the evaluated factors. Fi-
nally, in the prescriptive analysis , strategic recommendations are generated based on the results of the 
model, prioritizing interventions in environmental education and legal strengthening, which contrib-
utes to more effective and sustainable decision-making . 

 

DDPP Methodology applied to the NEAML-BIOPASTAZA 

 
 

 

 

 

 

 

Fig. 1. DDPP methodology applied to the NEAML- BIOPASTAZA project . 
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Stage I: Descriptive analysis 

This phase focuses on characterizing and exploring the data collected on environmental literacy, 
biodiversity perception, community participation, knowledge of the legal framework, and frequency of 
contact with environmental media. Descriptive statistical techniques such as means, standard devia-
tions, distributions, and visualizations (bar charts, histograms, and heat maps) are applied. 

The objective is to understand the sociodemographic and environmental profile of the individuals 

assessed. To achieve this objective, we can observe in Figure 2 that environmental literacy and biodi-

versity perception tend to concentrate at medium-high levels, indicating moderate environmental 
awareness in the sample. Legal knowledge is more dispersed, reflecting heterogeneity in the partici-
pants' normative understanding. Community participation shows a more balanced distribution but 
with cases of low involvement, while the frequency of contact with environmental media shows 
greater variability and even low values, which could explain information gaps. The box plots reveal few 
outliers, suggesting consistent data. This analysis offers a first socio-community profile useful for guid-
ing interventions in environmental education and legal strengthening. 

 

 
Fig. 2. Box plot of mean frequencies 
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Furthermore, to better understand the relationships between variables influencing biodiversity con-
servation, a correlation analysis using a heat map was applied. This tool allows for identifying the 
strength and direction of associations between the quantitative factors evaluated in the study, facilitat-
ing the detection of patterns not evident in univariate analyses. Using Pearson's linear correlation, the 
relationship between environmental literacy, legal knowledge, community participation, biodiversity 
perception, and media exposure can be interpreted. These results are key for guiding strategic interven-
tions that strengthen the synergy between environmental education, access to information, and regula-
tory enforcement. The interpretation of the heat map obtained is described below. 

 

 
Fig. 3. Heat map of correlations between variables 

 
In Figure 3, we can observe that the correlation heat map displays the linear relationships between 

the quantitative variables of the study. A moderate positive correlation stands out between environ-

mental literacy and biodiversity perception , suggesting that greater environmental knowledge leads 
to greater appreciation for biodiversity. A significant relationship is also observed between commu-

nity participation and frequency of media contact , indicating that those who are more informed tend 
to engage in environmental activities. In contrast, legal knowledge presents weaker correlations with 
other variables, which could reflect a disconnect between legislation and citizen experience. Overall, the 
correlations suggest that information and participation are interrelated, but there is a gap in appropria-
tion of the legal framework. This analysis supports the need for integrated strategies that combine edu-
cation, communication, and environmental legislation. 

 
Diagnostic analysis of stage II 

This stage seeks to identify hidden patterns and relationships between variables , explaining why 
certain groups exhibit low levels of effective conservation. Exploratory Factor Analysis (EFA) is used 

to validate latent structures such as the construct of "environmental literacy." Furthermore, neutro-

sophic logic is applied to represent uncertainty in social responses, modeling degrees of truth (T), in-
determinacy (I), and falsity (F). This phase offers an in-depth diagnosis of the structural and perceptual 
causes that affect environmental conservation .  
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Exploratory Factor Analysis (EFA) . 
Multivariate statistical techniques allow for the identification of common underlying dimensions 

among observed variables, facilitating data reduction and the theoretical construction of complex con-
cepts. In this case, five quantitative variables related to knowledge, perception, participation, and envi-
ronmental information were analyzed. Before analysis, the data were standardized, and a Varimax ro-
tation was applied to optimize factorial interpretation. Subsequently, two main factors were extracted 

, whose factor loadings were distributed as follows: 
 

Table 1: Exploratory factor analysis (EFA) 
 

Variable 
Factor 

1 
Factor 2 

Environmental Literacy 0.78 0.22 
Legal knowledge 0.65 0.41 
Stake community 0.3 0.7 

Perception of biodiver-
sity 0.72 0.19 

Media frequency 0.25 0.77 
 

Regarding Table 1, we can interpret that the application of Exploratory Factor Analysis (EFA) with 
Varimax rotation allowed us to identify two latent factors of the five variables associated with the con-
struct "environmental literacy". Factor 1 mainly grouped environmental literacy , biodiversity perception 

and legal knowledge , suggesting a cognitive dimension focused on the understanding and appreciation 
of the natural environment. Factor 2 , on the other hand, was dominated by community participation and 
frequency of contact with the media , representing a more behavioral and informative dimension. This 
structure confirms that environmental literacy is not unidimensional, but is composed of both 
knowledge elements and social practices linked to environmental action and communication. Regard-
ing the explained variance , Factor 1 could explain around 50% and Factor 2 another 30% , with a cu-
mulative variance greater than 80% , indicating an adequate model to represent the proposed construct. 

Additionally, as a complement to the exploratory factor analysis, a factor loadings biplot was de-

veloped to graphically represent the relationship between the variables and the extracted factors. This 
type of visualization facilitates the structural interpretation of the construct by locating each variable in 
a two-dimensional space. The interpretation of the resulting graph is presented below. 

 

 
Fig. 4. Biplot of factor loadings. 
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The EFA Factor Loadings Biplot applied to the "environmental literacy" construct allows us to vis-
ualize how the variables group and differentiate in relation to two main factors. It is observed that en-

vironmental literacy , biodiversity perception and legal knowledge are strongly projected on the Fac-

tor 1 axis , suggesting a close relationship with a cognitive dimension of the construct. In contrast, com-

munity participation and frequency of media contact align with Factor 2 , which represents a compo-
nent more closely linked to social participation and access to information. The angular distance between 
the variables also reveals their degree of correlation within each factor. This representation confirms 
that environmental literacy is composed of at least two interrelated dimensions: one oriented towards 
environmental knowledge and the other towards participatory and informative action . 

 
Neutrosophic logic 

This approach allows for a more in-depth diagnosis of the evolution of social perceptions about 
environmental conservation, showing not only how much is known or unknown, but also how uncer-

tain or ambiguous these perceptions are. As part of the study's diagnostic analysis, neutrosophic logic 
was applied to represent the complexity and ambiguity of social perceptions related to environmental 
conservation. This approach allows each variable to be broken down into components of truth (T), un-
certainty (U), and falsity (F), offering a more complete view than conventional measurement. The inter-
pretation of the graph generated with the average values of these components is presented below. 

 

 
Figure 5 Average of neutrosophic components. 

 
The graph shows the average of the neutrosophic components (T: truth, I: indeterminacy, F: falsity) 

for each of the five key study variables. It is observed that environmental literacy and biodiversity 

perception present high levels of T, indicating a positive and consolidated recognition in the sample. In 
contrast, variables such as community participation and frequency of contact with the media show 
higher levels of indeterminacy (I) , reflecting ambiguity or lack of clarity in individuals' actions or in-
formation presentation. On the other hand, legal knowledge , although with a moderate T, presents a 
notable F value, indicating a significant proportion of people who are unaware of environmental regu-
lations. This analysis reveals priority areas for educational and communication interventions aimed at 
reducing uncertainty and ignorance, especially in the practical and informational dimensions of envi-
ronmental conservation. 
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Stage III predictive analysis 

A supervised machine learning model, specifically a random forest classifier , is trained to predict 

the level of effective conservation (low, medium, high) based on the explanatory variables already 
analyzed. This algorithm identifies the most influential factors in the final outcome, while offering high 
accuracy and robustness with complex data. The predictive stage transforms the diagnostic findings 
into a practical tool for anticipating future scenarios and segmenting risk groups . 

Random Forest Classifier model was trained to predict the level of effective conservation, classi-
fied into three categories: Low, Medium, and High , using five key factors from the study as predictor 
variables. These variables include environmental literacy , legal knowledge , community participa-

tion , biodiversity perception , and frequency of contact with environmental media . The model was 
fed with structured data from factor analysis and neutrosophic transformations, allowing it to capture 
both cognitive and behavioral dimensions. During training, a balanced dataset was used to improve 
discrimination between classes. While the "Medium" class showed high prediction accuracy, weak-
nesses in the classification of the "Low" and "High" classes were identified, reflecting potential imbal-
ances or diffuse patterns in the data. This supervised approach made it possible not only to classify 
conservation levels, but also to assess the relative influence of each variable. The results obtained offer 
a solid basis for designing strategic interventions focused on the most influential dimensions of envi-
ronmental behavior . 

 
Pseudocode: Random Forest for Effective Conservation 

Begin 
1. Load the "Pastaza Biodiversity" database 
2. Select the predictor variables: 

- Environmental literacy 
- Legal knowledge 
- Community participation 
- Perception of Biodiversity 
- Media frequency 

3. Select the target variable: 
- Effective Conservation (categories: Low, Medium, High) 

4. Encode effective conservation labels into numeric values 
5. Split the data into the training set (70%) and the test set (30%) 
Random forest model classifier with: 

- Number of trees = 100 
- Random seed = 42 

7. Train the model using the training set: 
- For each tree: 

a. Select a random sample from the training set (with replacement) 
b. Construct a decision tree on this sample. 
c. At each node, select a random subset of variables to split 
d. Continue until reaching maximum depth or minimum purity. 

8. Validate the model with the test set: 
- Predict the effective conservation class for test cases 
- Compare predictions with real labels 

9. Calculate performance metrics: 
- Precision, recall, F1 score for each class 
- General accuracy 

10. (Optional) Calculate the importance of each predictor variable End 
 

As part of the predictive analysis stage, a supervised machine learning model was implemented to 
predict the level of environmental conservation. The Random Forest Classifier algorithm was selected 
for its robustness, ability to handle multiple variables, and good performance with complex and nonlinear 
data. Its application and results in the context of the study are described below. 
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The classifier was trained to predict the level of effective conservation, classified into three catego-
ries: Low, Medium, and High , using five key factors from the study as predictor variables. These var-
iables included environmental literacy , legal knowledge , community participation , biodiversity 

perceptions , and frequency of contact with environmental media . The model was fed structured data 
from factor analysis and neutrosophic transformations, allowing it to capture both cognitive and behav-
ioral dimensions. During training, a balanced dataset was used to improve discrimination between clas-
ses. While the "Medium" class showed high prediction accuracy, weaknesses in the classification of the 
"Low" and "High" classes were identified, reflecting potential imbalances or diffuse patterns in the data. 
This supervised approach made it possible not only to classify conservation levels , but also to assess 
the relative influence of each variable. The results offer a solid basis for designing strategic interventions 
focused on the most influential dimensions of environmental behavior. 
 

Prescriptive analysis of stage IV 

Within the framework of prescriptive analysis, we sought to translate the quantitative and logical 
results of the hybrid model into concrete recommendations to guide environmental action in high-bio-
diversity contexts. This phase focused not only on identifying the key variables that influence conser-
vation but also on interpreting the levels of social uncertainty detected using neutrosophic logic. From 
this, proposals were generated aimed at strengthening knowledge, reducing ambiguity, and activating 
community participation. The main findings are presented below, organized into four interpretative 
axes that articulate the results of the predictive model and the neutrosophic diagnosis. 

 
Most influential variables (predictive model) 

Analysis of the importance of variables within the Random Model Forest revealed that biodiversity 

perception , environmental literacy , and legal knowledge are the factors that most influence the pre-
diction of the level of effective conservation. This indicates that people with greater knowledge and 
appreciation of the natural environment, as well as a deeper understanding of environmental laws, are 
more likely to adopt sustainable practices. These cognitive variables constitute the foundation of pro-
environmental behavior. Therefore, strengthening these dimensions should be a priority in intervention 
programs. Their relevance validates the importance of environmental education as a strategic pillar. 

 
Zones of high indeterminacy (neutrosophic model) 

The application of neutrosophic logic identified high levels of ambiguity in variables such as com-

munity participation and frequency of contact with environmental media . This suggests that people 
lack a clear position on these dimensions, possibly due to a lack of opportunity, motivation, or access to 
consistent information. This uncertainty weakens the collective potential for environmental action by 
generating apathy or inaction. Overcoming this situation requires interventions that not only inform 
but also actively engage the community. Behavioral gray areas must be transformed into conscious de-
cisions. 

 
Key recommendations 

Based on these findings, concrete and specific actions are proposed to improve the level of environ-
mental conservation. These include educational campaigns on biodiversity, adapted to local contexts 
and using accessible media; citizen training on current environmental legislation; and the creation of 
permanent spaces for participation, such as assemblies, forums, or community activities. Furthermore, 
it is recommended to use platforms such as community radio or social media to strengthen the flow of 
environmental information. These strategies will reduce uncertainty, empower citizens, and foster an 
active and co-responsible environmental culture. 
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Expected impact 
The implementation of these strategies should lead to a reduction in uncertainty and inaccuracy , 

especially in behavioral and communication variables. This will have a positive impact on environmen-
tal awareness, the adoption of sustainable practices, and compliance with ecological regulations. In the 
long term, an improvement in effective conservation levels is anticipated, as well as the strengthening 
of participatory environmental governance . This transformation not only responds to a technical ap-
proach but also promotes ecological justice and social cohesion in areas with high biodiversity. Analyt-
ical evidence supports the urgency of these actions. 

 
5. Conclusion 

The results obtained in this study show that environmental education is a fundamental component 
for promoting responsible attitudes toward biodiversity. Variables related to knowledge, ecological per-
ception, and access to information showed a significant influence on levels of effective conservation. 
Without a solid educational foundation, the population lacks the tools to identify environmental threats 
and act accordingly. Therefore, it is urgent to strengthen contextualized, accessible, and culturally rele-
vant training programs in Amazonian territories. Environmental literacy should be prioritized as a 
cross-cutting strategy in public and school policies. It is also concluded that the implementation of the 
environmental legal framework and the activation of community participation are essential for sustain-
able ecological management. The neutrosophic analysis revealed high levels of uncertainty in the par-
ticipatory and informational dimensions, which limits the effectiveness of the regulatory system. With-
out real spaces for participation, regulations lose operational force and social legitimacy. Promoting 
inclusive mechanisms for citizen participation and empowerment will reduce ambiguity and strengthen 
environmental governance. These three dimensions—education, legality, and participation—must be 
articulated as pillars to guarantee the protection of Amazonian biodiversity in a sustainable manner and 
with socio-environmental justice. 
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Abstract. This research contributes to the literature where ideal monetary policy selection to increase housing demand 

in Peru is still lacking for a vulnerable sector that can easily become unstable in times of recession. This research is 

significant because policymakers should pay attention to the real estate sector as it has economic and social welfare 

implications due to the current housing deficit situation across the country and international investors and lenders. 

Although previous articles have assessed how monetary policy transmits through the housing sector, few pay attention 

to the adoption of uncertainty itself. Therefore, prevailing methods do not comprehensively assess how expected in-

terest rates and public sentiment play a crucial role in decision-making options regarding the housing market. Thus, 

we fill this gap through the neutrosophic OWA-TOPSIS approach, which allows for uncertainty via neutrosophic num-

bers and assesses the alternatives of interest rate adjustment and open market operations against the decision-making 

criteria of housing affordability, housing investment, and financial security. The results show that a hybrid solution of 

low interest rates with an expansionary strategy best satisfies the housing demand versus financial risk mitigation 

assessment. This study contributes to the body of literature through a novel solution approach to assessing multifac-

eted socioeconomic concerns and provides the Central Reserve Bank of Peru with applied research results to formulate 

monetary policies related to fostering a sustainable housing market, which ultimately translates to reduced housing 

inequality. 

Keywords: Monetary policy, housing market, neutrosophic OWA-TOPSIS, uncertainty, Peru.

1.  Introduction. 

The housing market in Peru constitutes a fundamental pillar of the economy, significantly influenced 

by the monetary policies of the Central Reserve Bank of Peru (BCRP). This study explores how to select 

optimal monetary strategies to boost said market, using the neutrosophic OWA-TOPSIS model, an inno-

vative approach that addresses the uncertainty inherent in economic decisions. The relevance of this re-

search lies in the need to promote a sustainable real estate sector, which not only fosters economic growth, 

but also mitigates the housing deficit affecting millions of Peruvians. According to recent studies, the 

housing market directly impacts financial stability and social well-being, being a key indicator of eco-

nomic health [1]. In a context of global fluctuations and internal challenges, such as accelerated urbaniza-

tion, optimizing monetary policies is crucial to balance housing affordability and prevent financial risks, 

such as real estate bubbles [2]. 
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Historically, the Peruvian housing market has experienced a boom since the beginning of the 21st 

century, driven by economic growth and rural-urban migration. Between 2000 and 2020, housing con-

struction grew significantly in cities such as Lima and Arequipa, although challenges such as the housing 

shortage and inequality in access to mortgage credit persist [3]. The BCRP's monetary policies, such as 

adjustments to the reference interest rate and open market operations, have played a key role in this 

development, influencing mortgage rates and real estate investment [4]. However, monetary decisions 

face an environment of uncertainty, aggravated by external factors such as commodity prices and capital 

flows, which complicate the effective transmission of these policies to the real estate sector [5]. 

The central problem motivating this study arises from the difficulty of identifying monetary policies 

that optimize their impact on the housing market without generating adverse effects, such as financial 

speculation. How can monetary strategies be selected that balance housing affordability, real estate in-

vestment, and financial stability in a context of high uncertainty? This question has not been fully ad-

dressed in the literature, which tends to focus on traditional economic analyses without considering the 

inherent uncertainty in the decisions of economic agents [6]. 

Uncertainty in the transmission of monetary policy to the housing market requires advanced method-

ological approaches. While previous studies have explored the effects of interest rates and money supply, 

few have integrated the complexity of factors such as consumer expectations and financial risks into a 

unified framework [7]. Traditional methods, such as classical econometric models, tend to assume cer-

tainty in cause-effect relationships, which limits their applicability in volatile contexts such as Peru's. 

Therefore, this study proposes the neutrosophic OWA-TOPSIS model, which incorporates degrees of 

truth, falsity, and indeterminacy to evaluate monetary policy alternatives under uncertainty. 

The Peruvian housing market faces specific challenges that justify this research. The housing shortage, 

estimated at millions of households, reflects a significant gap between supply and demand, especially in 

low-income segments [3]. Furthermore, fluctuations in interest rates and the availability of mortgage 

credit unequally affect urban and rural regions, underscoring the need for equitable policies [4]. Uncer-

tainty in economic expectations, both among consumers and real estate developers, adds an additional 

layer of complexity to the BCRP's decision-making. 

The neutrosophic OWA-TOPSIS methodology addresses these dynamics by evaluating alternatives 

such as interest rate cuts, expansionary open market operations, and adjustments to reserve requirements. 

This approach considers not only the direct impacts of these policies but also their interaction with factors 

such as consumer confidence and financial stability. By employing neutrosophic numbers, the model 

captures the ambiguity present in expert assessments and economic data, offering a robust tool for deci-

sion-making in uncertain contexts. 

The importance of this research transcends the academic sphere, as its findings could guide the Central 

Bank of Peru (BCRP) in formulating policies that promote an affordable and sustainable housing market. 

By explicitly addressing uncertainty, the study offers a novel perspective that could be applied to other 

economic sectors affected by monetary decisions. Furthermore, the results could contribute to reducing 

housing inequality, improving the quality of life of the Peruvian population. 

The objectives of this study are clear: first, to identify the optimal combination of monetary policies 

that maximizes the positive impact on the housing market, considering criteria such as affordability, in-

vestment, and financial stability; second, to evaluate the effectiveness of the neutrosophic OWA-TOPSIS 

model as a decision-making tool in uncertain economic environments; and third, to provide practical 

recommendations for the BCRP that balance real estate market growth with financial risk prevention. 

These objectives guide the research toward a comprehensive solution to the problem posed. 
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2. Preliminaries. 

2.1. Optimal Monetary Policies for the Peruvian Housing Market. 

 

Formulating optimal monetary policies for the Peruvian housing market is a crucial challenge for the 

Central Reserve Bank of Peru (BCRP), given its impact on economic growth and social equity. This anal-

ysis evaluates strategies that balance housing affordability, real estate investment, and financial stability 

in a context of economic uncertainty. The relevance of this study lies in the need to design policies that 

mitigate the housing deficit and promote sustainable development in an environment marked by global 

fluctuations and internal challenges. The uncertainty in the transmission of these policies requires ap-

proaches that effectively manage ambiguity, an aspect frequently ignored by traditional methods [8]. 

Since 2000, the Peruvian real estate market has grown significantly, driven by economic development 

and urbanization. However, challenges such as limited access to mortgage credit and regional inequalities 

persist. Monetary policies, such as adjustments to the benchmark interest rate, directly influence mort-

gage rates, affecting housing demand [9]. For example, a rate cut can stimulate property acquisition but 

also increase the risk of real estate bubbles if not implemented carefully. This balance between stimulus 

and financial risk prevention highlights the importance of well-calibrated strategies. 

Traditional monetary policy tools, such as open market operations and reserve requirements, are typ-

ically evaluated using models that assume certainty in cause-and-effect relationships. However, factors 

such as consumer expectations and external fluctuations, such as commodity prices, introduce significant 

uncertainty [10]. An approach based on lowering interest rates can encourage investment, but it must be 

balanced with measures to prevent debt overhang. Therefore, selecting optimal policies requires consid-

ering multiple criteria, such as affordability, investment, and financial stability, within a comprehensive 

framework. 

An expansionary monetary policy, such as bond purchases in open market operations, can inject li-

quidity and lower interest rates, stimulating mortgage lending. However, excess liquidity could lead to 

inflation or real estate speculation, underscoring the need for a cautious approach [11]. On the other hand, 

tightening reserve requirements can increase credit availability, but its impact depends on banks' risk 

management skills. The combination of these tools should be optimized to maximize benefits without 

compromising economic stability. 

Economic uncertainty, exacerbated by external factors such as capital flows, represents an obstacle for 

the BCRP. For example, an increase in interest rates may attract foreign investment but make mortgage 

loans more expensive, limiting access to housing [12]. Optimal monetary policies must, therefore, inte-

grate the expectations of economic agents and financial risks. Transparent communication by the BCRP 

about its decisions is essential to align these expectations and ensure the effectiveness of the implemented 

measures. A key limitation in the formulation of optimal monetary policies is the quality and availability 

of economic data, particularly in rural regions of Peru. Furthermore, subjectivity in the perceptions of 

consumers and developers can complicate the assessment of impacts [13]. Despite these limitations, a 

multi-criteria approach that considers affordability, investment, and financial stability allows for the de-

sign of more robust strategies. Consultation with experts and the use of historical data from the BCRP 

and the INEI are essential to inform these decisions. 

From a practical perspective, optimal monetary policies should combine moderately low interest rates 

with expansionary open market operations to stimulate housing demand without generating excessive 

risks. These measures should be complemented by fiscal policies, such as housing subsidies, to compre-

hensively address the housing deficit [14]. The implementation of these strategies requires continuous 

monitoring to detect unintended effects, such as speculation, and timely adjustments based on updated 

economic indicators. Theoretically, this analysis contributes to the monetary policy literature by empha-

sizing the need for approaches that explicitly manage uncertainty. Traditional methods, focused on de-

terministic relationships, are insufficient in volatile contexts such as Peru's [8]. A framework that 
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integrates quantitative data, such as interest rates, with qualitative data, such as consumer perceptions, 

offers a more complete perspective for decision-making. This approach can be applied to other economic 

sectors affected by monetary policies. 

The social implications of optimal monetary policies are profound, especially in a country with a sig-

nificant housing deficit. By facilitating access to mortgage credit, these policies can reduce socioeconomic 

inequalities and improve quality of life, particularly for low-income segments [9]. However, success de-

pends on careful execution and coordination with other public policies, such as urban planning, to ensure 

an equitable and sustainable impact. In conclusion, the selection of optimal monetary policies for the 

Peruvian housing market requires a multi-criteria approach that balances economic stimulus and finan-

cial stability. The combination of low interest rates and open market operations, supported by clear com-

munication from the BCRP, emerges as a promising strategy. This analysis not only offers practical rec-

ommendations for the BCRP but also enriches the academic debate on policymaking in contexts of un-

certainty, with transformative potential for Peruvian society. 

 

2.2. SVNS and SVNLS. 

 

This section provides a brief overview of the fundamental principles related to SVNS and SVNLS, 

covering definitions, operating principles, and metrics for measuring distances. 

Definition 1 [15, 16]. Let x be an element in a finite set, X. A single-valued neutrosophic set (SVNS), 

P, in X can be defined as in (1): 𝑃 =  { 𝑥, 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)|𝑥 ∈  𝑋},      (1) 

where the truth membership function, 𝑇𝑃(𝑥),the indeterminacy membership function 𝐼𝑃(𝑥), and the 

falsehood membership function 𝐹𝑃(𝑥)clearly adhere to condition (2): 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥) ≤  1;   0 ≤  𝑇𝑃(𝑥) +  𝐼𝑃(𝑥) +  𝐹𝑃(𝑥) ≤  3   (2) 

For a SVNS, P in X, we call the triplet ( 𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))its single-valued neutrosophic value (SVNV), 

denoted simply 𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational convenience. 

Definition 2 [15,16]. Let  𝑥 =  (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)yy  =  (𝑇𝑦, 𝐼𝑦, 𝐹𝑦)let there be two SVNV. Then 

1) 𝑥 ⊕  𝑦 =  (𝑇𝑥  +  𝑇𝑦  −  𝑇𝑥  ∗  𝑇𝑦, 𝐼𝑥  ∗  𝑇𝑦, 𝐹𝑥  ∗  𝐹𝑦);  
2) 𝜆 ∗ 𝑥  =  (1 −  (1 −  𝑇𝑥)𝜆 , (𝐼𝑥)𝜆 , (𝐹𝑥)𝜆 ), 𝜆 >  0;  
3) 𝑥𝜆  =  ((𝑇𝑥) 𝜆 , 1 −  (1 −  𝐼𝑥)𝜆 , 1 −  (1 −  𝐹𝑥)𝜆 ), 𝜆 >  0 

Let l be 𝑆 =  {𝑠𝛼|𝛼 =  1, … , 𝑙 }a finite, totally ordered discrete term with odd value, where𝑠𝛼 denotes a 

possible value for a linguistic variable. For example, if 𝑙 =  7, then a set of linguistic terms S could be 

described as follows [16]: 

 𝑆 =  {𝑠1 , 𝑠2, 𝑠3, 𝑠4, 𝑠5, 𝑠6, 𝑠7} =  {𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑝𝑜𝑜𝑟, 𝑣𝑒𝑟𝑦 𝑝𝑜𝑜𝑟, 𝑝𝑜𝑜𝑟, 𝑓𝑎𝑖𝑟, 𝑔𝑜𝑜𝑑, 𝑣𝑒𝑟𝑦 𝑔𝑜𝑜𝑑, 𝑒𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦 𝑔𝑜𝑜𝑑} . 

  (3) 

Any linguistic variable, 𝑠𝑖y 𝑠𝑗, in S must satisfy the following rules [18]: 

1) 𝑁𝑒𝑔(𝑠𝑖) =  𝑠(𝑙−𝑖); 
2) 𝑠𝑖 ≤  𝑠𝑗 ⇔  𝑖 ≤  𝑗; 
3) max(𝑠𝑖, 𝑠𝑗) =  𝑠𝑗, 𝑖𝑓 𝑖 ≤  𝑗; 
4) min(𝑠𝑖, 𝑠𝑗) =  𝑠𝑖 , 𝑖𝑓 𝑖 ≤  𝑗.  
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Definition 3 [19] Given X, a finite set of universes, a Single-Valued Neutrosophic Linguistic Set 

(SVNLS), P, in X can be defined as in (4): 𝑃 =  {〈 𝑥, [𝑠𝜃(𝑥) , (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))]〉| 𝑥 ∈  𝑋}      (4) 

where 𝑠𝜃(𝑥) ∈  𝑆̅ , the truth membership function 𝑇𝑃(𝑥) , the indeterminacy membership function, 𝐼𝑃(𝑥)and the falsehood membership function 𝐹𝑃(𝑥)satisfy condition (5): 

 0 ≤  𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥)  ≤  1, 0 ≤  𝑇𝑃(𝑥)  +  𝐼𝑃(𝑥)  +  𝐹𝑃(𝑥)  ≤  3.    (5) 

For an SVNLS, P, in X, the 4- 〈𝑠𝜃(𝑥), (𝑇𝑃(𝑥), 𝐼𝑃(𝑥), 𝐹𝑃(𝑥))〉tuple is known as the Single-Valued Neutro-

sophic Linguistic Set (SVNLN), conveniently denoted 𝑥 =   𝑠𝜃(𝑥) , (𝑇𝑥 , 𝐼𝑥 , 𝐹𝑥)for computational purposes. 

Definition 4 [19] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖 ), (𝑇𝑥𝑖, 𝐼𝑥𝑖, 𝐹𝑥𝑖)〉 (𝑖 =  1, 2)two SVNLNs. Then 

1) 𝑥1 ⊕ 𝑥2 =  〈𝑠𝜃(𝑥1 ) + 𝜃𝑥2, (𝑇𝑥1 +  𝑇𝑥2 −  𝑇𝑥1 ∗  𝑇𝑥2, 𝐼𝑥1 ∗ 𝑇𝑥2, 𝐹𝑥1 ∗  𝐹𝑥2)〉 
2) 𝜆𝑥1 =  〈𝑠𝜆𝜃(𝑥1 ), (1 −  (1 −  𝑇𝑥1)𝜆 , (𝐼𝑥1)𝜆, (𝐹𝑥1)𝜆)〉, 𝜆 >  0; 

3) 𝑥1𝜆  =  〈𝑠𝜃𝜆(𝑥1) , ((𝑇𝑥1)𝜆 , 1 − (1 −  𝐼𝑥1)𝜆 , 1 −  (1 − 𝐹𝑥1)𝜆 )〉 , 𝜆 >  0.  
Definition 5 [19] . Let there be 𝑥𝑖 =  〈𝑠𝜃(𝑥𝑖) , (𝑇𝑥𝑖 , 𝐼𝑥𝑖 , 𝐹𝑥𝑖)〉  (𝑖 =  1, 2)two SVNLNs. Their distance 

measure is defined as in (6): 𝑑(𝑥1, 𝑥2𝑣)  =  [|𝑠𝜃(𝑥1)𝑇𝑥1  −  𝑠𝜃(𝑥2)𝑇𝑥2 |µ  +  |𝑠𝜃(𝑥1 ) 𝐼𝑥1  − 𝑠𝜃(𝑥2) 𝐼𝑥2 |µ  +  |𝑠𝜃(𝑥1 )𝐹𝑥1  −  𝑠𝜃(𝑥2)𝐹𝑥2|µ] 1µ (6) 

In particular, equation (6) reduces the Hamming distance of SVNLS and the Euclidean distance of 

SVNLS when µ =  1and µ =  2, respectively. 

2.3. MADM Based on the SVNLOWAD-TOPSIS Method 

Ye [20] extended the TOPSIS method to fit the SVNLS scenario, and the procedures of the extended 

model can be summarized as follows. 

Step 1. Normalize the individual decision matrices: 

In practical scenarios, MADM problems can encompass both benefit attributes and cost attributes. Let 𝐵 and 𝑆 the benefit attribute sets and cost attribute sets, respectively. Therefore, the conversion rules 

specified in (7) apply: 

 {𝑟𝑖𝑗(𝑘) = 𝛼𝑖𝑗(𝑘) = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝐵,𝑟𝑖𝑗(𝑘) = 〈𝑠𝑙−𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝑆.      (7) 

Thus, the standardized decision information, 𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛, is set as in (8): 

𝑅𝑘 = (𝑟𝑖𝑗(𝑘))𝑚×𝑛 = (𝑟11(𝑘) ⋯ 𝑟1𝑛(𝑘)⋮ ⋱ ⋮𝑟𝑚1(𝑘) ⋯ 𝑟𝑚𝑛(𝑘))        (8) 

Step 2. Build the collective matrix: 

All individual DM reviews are aggregated into a group review: 

𝑅 = (𝑟𝑖𝑗)𝑚×𝑛 = ( 𝑟11 ⋯ 𝑟1𝑛⋮ ⋱ ⋮𝑟𝑚1 ⋯ 𝑟𝑚𝑛)                     

(9) 

Where 𝑟𝑖𝑗 = ∑ 𝜔𝑘𝑡𝑘=1 𝑟𝑖𝑗(𝑘)
. 
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Step 3. Set the weighted SVNL decision information: 

The weighted SVNL decision matrix , (𝑦𝑖𝑗)𝑚×𝑛 ,  is formed as shown in (10), using the operational 

laws given in Definition 2 above: 

 𝑌 = (𝑦𝑖𝑗)𝑚×𝑛 = ( 𝑣1𝑟11 ⋯ 𝑣𝑛𝑟1𝑛⋮ ⋱ ⋮𝑣1𝑟𝑚1 ⋯ 𝑣𝑛𝑟𝑚𝑛)      (10) 

The OWA operator is fundamental in aggregation techniques, widely studied by researchers  . Its main 

advantage lies in organizing arguments and facilitating the integration of experts' attitudes in decision 

making. Recent research has explored OWA in distance measurement, generating variations of OWAD 

[21] . Taking advantage of the benefits of OWA, the text proposes a SVNL OWA distance measure 

(SVNLOWAD). Given the desirable properties of the OWA operator, an SVNL OWA distance measure 

(SVNLOWAD) is proposed in the following text [22]. 

Definition 6. Let 𝑥𝑗, 𝑥𝑗  (𝑗 = 1, . . . , 𝑛)the two collections be SVNLN. If 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷((𝑥1, 𝑥1′ ), . . . , (𝑥𝑛 , 𝑥𝑛′ )) = ∑ 𝑤𝑗𝑑(𝑥𝑗, 𝑥𝑗′)𝑛𝑗=1 ,    (11) 

Therefore, step 4 of this method can be considered as follows: 

Step 4. For each alternative, 𝐴𝑖the SVNLOWAD is calculated for the PIS, 𝐴+and the NIS 𝐴−, using 

equation (12): 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+), 𝑖 = 1, . . . , 𝑚    (12) 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−) = ∑ 𝑤𝑗𝑛𝑗=1 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗−), 𝑖 = 1, . . . , 𝑚    (13) 

where 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−)they are the 𝑗 - largest values of 𝑑̇(𝑦𝑖𝑗, 𝑦𝑗+)and 𝑑̇(𝑦𝑖𝑗 , 𝑦𝑗−), respectively. 

Step 5. In the classical TOPSIS approach, the relative closeness coefficient, is used to rank the alterna-

tives. However, some researchers have highlighted cases where relative closeness fails to achieve the de-

sired objective of simultaneously minimizing the distance from the PIS and maximizing the distance from 

the NIS. Thus, following an idea proposed in references [21], in equations (14)–(16), we introduce a mod-

ified relative closeness coefficient, 𝐶 ′( 𝐴𝑖 ), used to measure the degree to which the alternatives, 𝐴𝑖(𝑖 =  1, … , 𝑚), are close to the PIS and also far from the NIS, congruently: 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),                  (14) 

where 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖, 𝐴−) = max1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴−),     (15) 

and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖, 𝐴+) = min1≤𝑖≤𝑚𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖, 𝐴+).     (16) 

It is clear that 𝐶′(𝐴𝑖) ≤ 0 (𝑖 = 1, … , 𝑚)the higher the value of 𝐶′(𝐴𝑖)and , the better 𝐴𝑖  the alternative. 

Furthermore, if an alternative 𝐴∗ satisfies the conditions 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴−) =𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴∗, 𝐴−)and 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴∗, 𝐴+) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴∗, 𝐴+), then 𝐶′(𝐴∗) = 0and the alter-

native 𝐴∗is the most suitable candidate, since it has the minimum distance to the PIS and the maximum 

distance to the NIS. 

Step 6. Rank and identify the most desirable alternatives based on the decreasing closeness coefficient 𝐶′(𝐴𝑖)obtained using Equation (15). 
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3. Case Study. 

 

This study analyzes the selection of optimal monetary policies to boost the housing market in Peru, 

considering the uncertainty inherent in economic decisions. The neutrosophic OWA-TOPSIS model is 

applied to evaluate different monetary policy alternatives under multiple criteria, providing the Central 

Reserve Bank of Peru (BCRP) with a systematic tool for decision-making in complex economic environ-

ments. 

Three monetary policy economists from the BCRP participated in the study, evaluating policy alter-

natives according to established criteria. The neutrosophic OWA-TOPSIS model was applied to integrate 

individual evaluations and obtain an objective collective assessment of available monetary policies. 

Monetary Policy Alternatives and Evaluation Criteria 

Alternatives Evaluated 

Four main monetary policy alternatives were considered: 

• Alternative A1 (Aggressive Rate Reduction): Significant reduction of the monetary policy 

rate (TPM) by 200 basis points 

• Alternative A2 (Focused Quantitative Easing): Purchase of real estate corporate bonds and 

mortgage securities 

• Alternative A3 (Moderate Mixed Policy): Combination of moderate TPM reduction (100 bp) 

with open market operations 

• Alternative A4 (Expansive Forward Guidance): Communication to maintain low rates for an 

extended period with specific credit facilities 

Evaluation Criteria 

The criteria used to evaluate the policies were: 

  

• C1. Affordability (AF): Capacity of the policy to improve access to housing finance 

• C2. Investment Stimulus (EI): Effectiveness in encouraging real estate investment and con-

struction 

• C3. Financial Stability (FS): Maintaining the soundness of the financial system 

• C4. Macroeconomic Sustainability (MS): Compatibility with inflation and growth objectives 

The specialists assigned weights according to relative importance: 𝐶1: 0.30, 𝐶2: 0.25, 𝐶3: 0.25, 𝐶4: 0.20. 
 

Development of the Neutrosophic OWA-TOPSIS Model 

Step 1: Normalization of Individual Decision Matrices 

 

The evaluations were expressed using Single-Valued Neutrosophic Linguistic (SVNL) values with the 

scale: S = {s₁ = "extremely poor", s₂ = "very poor", s₃ = "poor", s₄ = "acceptable", s₅ = "good", s₆ = "very good", 
s₇ = "extremely good"} 

Since all criteria are beneficial, the conversion rule was applied for beneficial criteria. 

Since all criteria are beneficial, the conversion rule was ap-

plied.: {𝑟𝑖𝑗(𝑘) = 𝛼𝑖𝑗(𝑘) = 〈𝑠𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝐵,𝑟𝑖𝑗(𝑘) = 〈𝑠𝑙−𝜃(𝛼𝑖𝑗)𝑘 , (𝑇𝛼𝑖𝑗𝑘 , 𝐼𝛼𝑖𝑗𝑘 , 𝐹𝛼𝑖𝑗𝑘 )〉, for 𝑗 ∈ 𝑆.  
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Table 1. Evaluation according to Criterion C1 (Affordability) 

Alternative Specialist 1 Specialist 2 Specialist 3 

A1 S₆(0.7; 0.2; 0.1) S₇(0.8; 0.1; 0.1) S₆(0.6; 0.3; 0.2) 
A2 S₅(0.5; 0.3; 0.2) S₅(0.6; 0.2; 0.3) S₆(0.7; 0.2; 0.1) 
A3 S₅(0.6; 0.2; 0.3) S₆(0.7; 0.2; 0.2) S₅(0.5; 0.3; 0.3) 
A4 S₄(0.4; 0.4; 0.3) S₄(0.5; 0.3; 0.4) S₅(0.6; 0.2; 0.2) 

Table 2. Evaluation according to Criterion C2 (Investment Incentive) 

Alternative Specialist 1 Specialist 2 Specialist 3 

A1 S₅(0.5; 0.3; 0.4) S₆(0.6; 0.2; 0.3) S₅(0.4; 0.4; 0.3) 
A2 S₆(0.7; 0.2; 0.2) S₇(0.8; 0.1; 0.2) S₆(0.6; 0.3; 0.2) 
A3 S₅(0.6; 0.3; 0.2) S₅(0.5; 0.3; 0.4) S₆(0.7; 0.2; 0.2) 
A4 S₃(0.3; 0.5; 0.4) S₄(0.4; 0.4; 0.3) S₄(0.5; 0.3; 0.4) 

Table 3. Evaluation according to Criterion C3 (Financial Stability) 

Alternative Specialist 1 Specialist 2 Specialist 3 

A1 S₃(0.3; 0.4; 0.5) S₂(0.2; 0.5; 0.6) S₃(0.4; 0.3; 0.4) 
A2 S₄(0.5; 0.3; 0.3) S₅(0.6; 0.2; 0.3) S₄(0.4; 0.4; 0.3) 
A3 S₅(0.6; 0.2; 0.3) S₆(0.7; 0.2; 0.2) S₅(0.5; 0.3; 0.3) 
A4 S₆(0.7; 0.2; 0.2) S₆(0.6; 0.3; 0.2) S₇(0.8; 0.1; 0.1) 

Table 4. Evaluation according to Criterion C4 (Macroeconomic Sustainability) 

Alternative Specialist 1 Specialist 2 Specialist 3 

A1 S₄(0.4; 0.4; 0.4) S₃(0.3; 0.5; 0.5) S₄(0.5; 0.3; 0.3) 
A2 S₅(0.6; 0.3; 0.2) S₅(0.5; 0.3; 0.3) S₆(0.7; 0.2; 0.2) 
A3 S₆(0.7; 0.2; 0.2) S₆(0.6; 0.3; 0.2) S₅(0.5; 0.4; 0.3) 
A4 S₅(0.5; 0.3; 0.3) S₄(0.4; 0.4; 0.4) S₅(0.6; 0.2; 0.3) 

Step 2: Building the Collective Matrix 

Applying aggregation with equal weights (𝜔₁ =  𝜔₂ =  𝜔₃ =  1/3), 𝑖𝑡 𝑖𝑠 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑: 𝑟ᵢⱼ = ∑³ₖ₌₁ 𝜔ₖ 𝑟^(𝑘)ᵢⱼ 
For each cell the neutrosophic operations are applied: 

• Linguistic component: arithmetic average 

• Truth component:𝑇 =  𝑇₁ +  𝑇₂ +  𝑇₃ −  𝑇₁𝑇₂ −  𝑇₁𝑇₃ −  𝑇₂𝑇₃ +  𝑇₁𝑇₂𝑇₃ 

• Indeterminacy component:𝐼 =  𝐼₁ ×  𝐼₂ ×  𝐼₃ 

• Falsehood component:𝐹 =  𝐹₁ ×  𝐹₂ ×  𝐹₃ 
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Table 5. SVNL Collective Decision Matrix 

Alterna-

tive 

C1 (Affordability) C2 (Investment 

Stimulus) 

C3 (Financial Sta-

bility) 

C4 (Macro Sustaina-

bility) 

A1 S₆.₃₃(0.926; 0.006; 
0.002) 

S₅.₃₃(0.784; 0.024; 
0.036) 

S₂.₆₇(0.748; 0.060; 
0.120) 

S₃.₆₇(0.748; 0.060; 
0.060) 

A2 S₅.₃₃(0.916; 0.012; 
0.006) 

S₆.₃₃(0.952; 0.006; 
0.008) 

S₄.₃₃(0.832; 0.024; 
0.027) 

S₅.₃₃(0.916; 0.018; 
0.012) 

A3 S₅.₃₃(0.892; 0.012; 
0.018) 

S₅.₃₃(0.892; 0.018; 
0.016) 

S₅.₃₃(0.892; 0.012; 

0.018) 

S₅.₆₇(0.892; 0.024; 
0.012) 

A4 S₄.₃₃(0.832; 0.024; 
0.024) 

S₃.₆₇(0.748; 0.060; 
0.048) 

S₆.₃₃(0.952; 0.006; 
0.004) 

S₄.₆₇(0.832; 0.024; 
0.036) 

 

Step 3: Weighted SVNL Decision Information 

Applying the weights of the criteria 𝑣 =  (0.30, 0.25, 0.25, 0.20), the operation is used: 𝑦ᵢⱼ =  𝑣ⱼ ×  𝑟ᵢⱼ 
Table 6. Weighted Collective SVNL Decision Matrix 

Alterna-

tive 

C1 (Weight: 0.30) C2 (Weight: 0.25) C3 (Weight: 0.25) C4 (Weight: 0.20) 

A1 S₁.₉₀(0.378; 0.018; 
0.032) 

S₁.₃₃(0.294; 0.074; 
0.093) 

S₀.₆₇(0.281; 0.125; 
0.158) 

S₀.₇₃(0.232; 0.125; 
0.125) 

A2 S₁.₆₀(0.359; 0.037; 
0.044) 

S₁.₅₈(0.345; 0.044; 
0.051) 

S₁.₀₈(0.312; 0.074; 
0.080) 

S₁.₀₇(0.281; 0.067; 
0.058) 

A3 S₁.₆₀(0.348; 0.037; 
0.056) 

S₁.₃₃(0.333; 0.067; 
0.063) 

S₁.₃₃(0.333; 0.037; 
0.056) 

S₁.₁₃(0.281; 0.074; 
0.058) 

A4 S₁.₃₀(0.312; 0.074; 
0.074) 

S₀.₉₂(0.281; 0.125; 
0.104) 

S₁.₅₈(0.345; 0.044; 
0.032) 

S₀.₉₃(0.248; 0.074; 
0.093) 

 

Step 4: Calculating SVNLOWAD Distances 

First, the ideal solutions are determined: 

PIS (A⁺): 

• 𝐶1: (0.378;  0.018;  0.032) 
• 𝐶2: (0.345;  0.044;  0.051) 
• 𝐶3: (0.345;  0.037;  0.032) 
• 𝐶4: (0.281;  0.067;  0.058) 

NIS (A⁻): 

• 𝐶1: (0.312;  0.074;  0.074) 
• 𝐶2: (0.281;  0.125;  0.104) 
• 𝐶3: (0.281;  0.125;  0.158) 
• 𝐶4: (0.232;  0.125;  0.125) 

The specialists determined the OWA weight vector as 𝑊 =  (0.30, 0.25, 0.25, 0.20). 
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For each alternative Aᵢ, the distances are calculated using the equation with μ = 2: 𝑑(𝑥ⱼ, 𝑥′ⱼ)  =  𝑑(𝑥1, 𝑥2𝑣)  =  [|𝑠𝜃(𝑥1)𝑇𝑥1  −  𝑠𝜃(𝑥2)𝑇𝑥2 |µ  +  |𝑠𝜃(𝑥1 ) 𝐼𝑥1  −  𝑠𝜃(𝑥2) 𝐼𝑥2 |µ  +  |𝑠𝜃(𝑥1 )𝐹𝑥1  −  𝑠𝜃(𝑥2)𝐹𝑥2|µ] 1µ (6) 

Detailed calculations for A1: 

Individual distances to PIS: 

• 𝑑(𝑦11, 𝑦1+) =  [(1.90 × 0.378 −  1.90 × 0.378)2 +  (1.90 × 0.018 −  1.90 × 0.018)2 +  (1.90 ×0.032 −  1.90 × 0.032)2]12 =  0.000 
• 𝑑(𝑦12, 𝑦2+) =  [(1.33 × 0.294 −  1.58 × 0.345)2 + (1.33 × 0.074 −  1.58 × 0.044)2 +  (1.33 ×0.093 −  1.58 × 0.051)2]12 =  0.173 
• 𝑑(𝑦13, 𝑦3+) =  [(0.67 × 0.281 −  1.58 × 0.345)2 + (0.67 × 0.125 −  1.58 × 0.037)2 +  (0.67 ×0.158 −  1.58 × 0.032)2]12 =  0.357 
• 𝑑(𝑦14, 𝑦4+) =  [(0.73 × 0.232 −  1.13 × 0.281)2 + (0.73 × 0.125 −  1.13 × 0.067)2 +  (0.73 ×0.125 −  1.13 × 0.058)2]12 =  0.149 

Sorting: 0.000, 0.149, 0.173, 0.357 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴₁, 𝐴⁺)  =  0.30 × 0.000 +  0.25 × 0.149 +  0.25 × 0.173 +  0.20 × 0.357 =  0.000 +  0.03725 +  0.04325 +  0.0714 =  𝟎. 𝟏𝟓𝟏𝟗 

Individual distances to NIS: 

• 𝑑(𝑦11, 𝑦1−) =  [(1.90 × 0.378 −  1.30 × 0.312)2 +  (1.90 × 0.018 −  1.30 × 0.074)2 +  (1.90 ×0.032 −  1.30 × 0.074)2]12 =  0.318 
• 𝑑(𝑦12, 𝑦2−) =  [(1.33 × 0.294 −  0.92 × 0.281)2 + (1.33 × 0.074 −  0.92 × 0.125)2 +  (1.33 ×0.093 −  0.92 × 0.104)2]12 =  0.164 
• 𝑑(𝑦13, 𝑦3−) =  [(0.67 × 0.281 −  0.67 × 0.281)2 + (0.67 × 0.125 −  0.67 × 0.125)2 +  (0.67 ×0.158 −  0.67 × 0.158)2]12 =  0.000 
• 𝑑(𝑦14, 𝑦4−) =  [(0.73 × 0.232 −  0.73 × 0.232)2 + (0.73 × 0.125 −  0.73 × 0.125)2 +  (0.73 ×0.125 −  0.73 × 0.125)2]12 =  0.000 

Sorting: 0.000, 0.000, 0.164, 0.318 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴₁, 𝐴⁻)  =  0.30 × 0.000 +  0.25 × 0.000 +  0.25 × 0.164 +  0.20 × 0.318 =  0.000 +  0.000 +  0.041 +  0.0636 =  𝟎. 𝟏𝟎𝟒𝟔 

Complete Distance Calculations: 

Table 7. Corrected Calculated Distances and Closeness Coefficients 

Alternative SVNLOWAD(Aᵢ, A⁺) SVNLOWAD(Aᵢ, A⁻) C'(Aᵢ) 
A1 0.1519 0.1046 -0.8635 

A2 0.0945 0.2183 0.3100 

A3 0.1074 0.1952 0.0697 

A4 0.1821 0.0894 -1.0376 
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Step 5: Calculating the Modified Relative Closeness Coefficient 

Applying the equation: 𝐶′(𝐴𝑖) = 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴−)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷max(𝐴𝑖,𝐴−) − 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷(𝐴𝑖,𝐴+)𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷min(𝐴𝑖,𝐴+),  

Where: 

• 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷_𝑚𝑎𝑥(𝐴ᵢ, 𝐴⁻)  =  𝑚𝑎𝑥(0.1046, 0.2183, 0.1952, 0.0894)  =  𝟎. 𝟐𝟏𝟖𝟑 
• 𝑆𝑉𝑁𝐿𝑂𝑊𝐴𝐷_𝑚𝑖𝑛(𝐴ᵢ, 𝐴⁺)  =  𝑚𝑖𝑛(0.1519, 0.0945, 0.1074, 0.1821)  =  𝟎. 𝟎𝟗𝟒𝟓 

Final calculations: 

• 𝐶′(𝐴1): (0.10460.2183) −  (0.15190.0945) =  0.4792 −  1.6074 =  −𝟏. 𝟏𝟐𝟖𝟐 

• 𝐶′(𝐴2): (0.21830.2183) −  (0.09450.0945) =  1.0000 −  1.0000 =  𝟎. 𝟎𝟎𝟎𝟎 

• 𝐶′(𝐴3): (0.19520.2183) −  (0.10740.0945) =  0.8942 −  1.1365 =  −𝟎. 𝟐𝟒𝟐𝟑 

• 𝐶′(𝐴4): (0.08940.2183) −  (0.18210.0945) =  0.4096 −  1.9270 =  −𝟏. 𝟓𝟏𝟕𝟒 

Step 6: Final Classification 

Table 8: Final Results and Classification 

Rank Alternative C'(Aᵢ) Monetary Policy 

1st A2 0.0000 Focused Quantitative Easing 

2nd A3 -0.2423 Moderate Mixed Policy 

3rd A1 -1.1282 Aggressive Rate Reduction 

4th A4 -1.5174 Expansive Forward Guidance 

Analysis of Results 

The results obtained through the neutrosophic OWA-TOPSIS model provide a systematic evaluation 

of monetary policies for the Peruvian housing market. 

Focused Quantitative Easing (A2) emerges as the optimal policy with C'(A₂) = 0.0000, indicating the 
perfect balance between proximity to the positive ideal and distance from the negative ideal. This policy 

effectively combines sector-specific stimulus with the preservation of systemic stability. 

The Moderate Mixed Policy (A3) is positioned as the second option with C'(A₃) = -0.2423, offering a 

balanced approach that provides reasonable performance across all evaluation criteria. 

Aggressive Rate Reduction (A1) ranks third with C'(A₁) = -1.1282, mainly due to the significant risks 

to financial stability despite its strong performance in housing affordability. 

The Expansive Forward Guidance (A4) is the least favorable with C'(A₄) = -1.5174, showing the most 

significant limitations in its capacity to generate immediate impact on the real estate sector, despite main-

taining relatively high financial stability scores. 
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4. Discussion 

Interpretation of Results and Policy Implications 

 

Figure 1: Multi-Criteria Performance Analysis: Neutrosophic Aggregated Scores. 

The application of the neutrosophic OWA-TOPSIS model to the Peruvian housing market monetary 

policy selection reveals significant insights for central banking decision-making under uncertainty. The 

optimal ranking obtained through this methodology provides a robust framework for understanding the 

trade-offs inherent in monetary policy choices. 

Focused Quantitative Easing (A2) as Optimal Policy: The emergence of A2 as the top-ranked alter-

native with C'(A₂) = 0.0000 demonstrates the effectiveness of targeted monetary interventions in address-
ing specific sectoral needs while maintaining systemic stability. This result aligns with contemporary 

central banking practices that favor precision instruments over broad-based monetary expansion. The 

policy's strength lies in its ability to channel liquidity directly to the housing sector through corporate 

bond purchases and mortgage-backed securities, thereby maximizing transmission efficiency while min-

imizing spillover effects to other economic sectors. 

Moderate Mixed Policy (A3) - Balanced Approach: The second-place ranking of A3 with C'(A₃) = -
0.2423 reflects the value of policy diversification in uncertain environments. This approach combines tra-

ditional interest rate adjustments with open market operations, providing policymakers with flexibility 

to calibrate interventions based on evolving market conditions. The moderate performance across all 

evaluation criteria suggests this policy serves as an effective hedge against extreme outcomes, making it 

particularly suitable for implementation during periods of heightened economic volatility. 

Aggressive Rate Reduction Risks: The third-place ranking of A1 (C'(A₁) = -1.1282) underscores the 

systemic risks associated with aggressive monetary expansion. Despite achieving the highest scores for 

housing affordability, the policy's negative impact on financial stability creates unacceptable trade-offs 

for prudential monetary policy. This result validates the consensus view among central bankers that 

macroprudential considerations must constrain monetary policy even when sector-specific objectives ap-

pear compelling. 

Forward Guidance Limitations: The last-place ranking of A4 (C'(A₄) = -1.5174) reveals important lim-

itations of communication-based monetary policy tools in addressing housing market challenges. While 

forward guidance maintains high financial stability scores, its effectiveness in generating immediate 
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sectoral impact appears severely constrained. This finding is consistent with recent empirical evidence 

suggesting that forward guidance effectiveness diminishes in environments where credit constraints ra-

ther than interest rate expectations constitute the primary barrier to housing market access. 

Methodological Contributions and Innovations 

The application of neutrosophic logic to monetary policy evaluation represents a significant method-

ological advancement over traditional multi-criteria decision analysis. The incorporation of truth, inde-

terminacy, and falsehood degrees allows for more nuanced representation of expert uncertainty, partic-

ularly relevant in monetary policy contexts where transmission mechanisms operate through complex 

and often unpredictable channels. 

Handling Expert Disagreement: The neutrosophic aggregation mechanism effectively synthesized 

divergent expert opinions while preserving information about the degree of consensus. This approach 

proves particularly valuable when expert assessments reflect different theoretical perspectives or empir-

ical experiences, as commonly occurs in monetary policy committees. 

OWA Integration Benefits: The integration of Ordered Weighted Averaging (OWA) operators with 

neutrosophic TOPSIS provided additional flexibility in reflecting expert risk preferences. The weights W 

= (0.30, 0.25, 0.25, 0.20) captured a moderately optimistic decision-making stance, appropriate for mone-

tary policy contexts where authorities must balance multiple competing objectives. 

Limitations and Areas for Future Research 

Several limitations warrant consideration in interpreting these results. First, the evaluation frame-

work, while comprehensive, may not capture all relevant dimensions of monetary policy effectiveness, 

particularly regarding distributional effects and long-term structural impacts on the housing market. Fu-

ture research should incorporate additional criteria related to housing market equity and regional devel-

opment patterns. 

Second, the static nature of the analysis does not account for dynamic policy interactions and sequen-

tial decision-making processes typical of monetary policy implementation. Extension to dynamic neutro-

sophic decision models could provide insights into optimal policy sequencing and timing. 

Third, the limited number of expert evaluators (three economists) may constrain the robustness of the 

neutrosophic aggregation. Larger expert panels could enhance the reliability of uncertainty assessments 

and provide more granular insights into policy trade-offs. 

Practical Implementation Considerations 

The implementation of the recommended Focused Quantitative Easing policy requires careful consid-

eration of operational constraints and market structure characteristics specific to Peru. The central bank's 

capacity to effectively operate in corporate bond and mortgage-backed securities markets may require 

institutional development and regulatory framework adjustments. 

Furthermore, the coordination between monetary policy and macroprudential regulation becomes 

crucial when implementing targeted quantitative easing. Clear communication strategies must be devel-

oped to manage market expectations and prevent unintended consequences in related financial market 

segments. 

Broader Implications for Emerging Market Central Banking 

The findings contribute to the growing literature on monetary policy effectiveness in emerging market 

economies, where traditional transmission mechanisms may operate differently than in advanced econ-

omies. The superior performance of targeted interventions over broad-based monetary expansion sug-

gests that emerging market central banks may benefit from developing more sophisticated policy toolkits 

that address specific sectoral challenges while maintaining overall macroeconomic stability. 

The neutrosophic methodology's effectiveness in this context also suggests its potential application to 

other complex policy decisions facing emerging market economies, including foreign exchange interven-

tion strategies, capital flow management measures, and financial inclusion policies. 
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5. Conclusions 

The analysis' findings demonstrate that, in the specific context of the Peruvian housing market, the 

most effective monetary policy is Focused Quantitative Easing, followed by Moderate Mixed Policy. 

These alternatives achieve the optimal balance between housing affordability and macroeconomic stabil-

ity. 

The neutrosophic model appropriately considered the levels of uncertainty inherent in each policy, 

assessing not only the degree of truth but also the levels of indeterminacy and falsity inherent in monetary 

policy decisions. The neutrosophic approach is especially valuable in the context of economic policies 

where there is considerable uncertainty about the transmission effects and the response of economic 

agents. 

Therefore, the neutrosophic OWA-TOPSIS model constitutes an effective tool for the BCRP's monetary 

authorities, allowing for systematic evaluations of alternative policies in uncertain environments, thus 

facilitating more robust and informed decision-making for the sustainable development of the Peruvian 

housing market. 
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Abstract. This study analyzed harmonic contamination in Quillán 1 and Quillán 2 pumping stations, characterizing 

the electrical system conditions and proposing solutions that addressed actual operational requirements. High levels 

of harmonic distortion were identified, particularly in 5th and 7th order harmonics, which exceeded the limits estab-

lished by national regulations, despite the system presenting adequate energy utilization. To select the most appro-

priate mitigation strategy, the TOPSIS method under neutrosophic logic was applied, which allowed the integration 

of expert perception and the inherent indetermination margins of such systems. This logic, which simultaneously 

considers degrees of truth, falsehood, and uncertainty, enabled the evaluation of solutions without forced simplifi-

cations. The highest-rated option was the implementation of tuned passive filters, which were subsequently de-

signed, simulated, and validated through specialized tools. The simulations demonstrated a substantial reduction of 

critical harmonics and a general improvement in power quality, ensuring regulatory compliance. The study high-

lighted the importance of using neutrosophic logic in combination with multicriteria decision methods as an effective 

resource for addressing complex electrical problems in real technical contexts, where absolute precision is not always 

possible or desirable. 

 
Keywords: Neutrosophic logic, harmonics, water pumping, multicriteria decision-making, TOPSIS, power quality.

 

1. Introduction 

In recent years, the growing presence of electronic devices in industry has profoundly transformed 

electrical systems. Equipment such as frequency drives, converters, and other nonlinear loads have be-

come indispensable for process optimization [1], but they have also brought with them a problem that 

is not always addressed with the attention it deserves: harmonic contamination [2]. This distortion of 

current and voltage waveforms, caused by the nonlinear nature of such devices, has begun to compro-

mise power quality in many industrial installations, affecting not only the equipment that generates 

them, but also those that simply share the same network [3]. 

The impact of harmonics is neither an isolated nor local phenomenon. On the contrary, it is a global 

challenge affecting electrical networks in various productive contexts. The most evident effects include 

conductor overheating, premature transformer failures, reduced equipment lifespan, and noise pres-

ence in communication systems [4]–[6]. In environments where electrical reliability is crucial, such as 

pumping stations, these consequences can result in considerable economic losses and technical compro-

mises that jeopardize operational continuity. 

In response to this problem, international organizations have established regulations that set limits 

for acceptable harmonic distortion. However, compliance in real contexts often presents difficulties. The 

complexity of industrial electrical systems, with multiple harmonic sources interacting simultaneously, 

prevents a simple or universal solution. Furthermore, traditional measures, such as installing reactors 

mailto:jefferson.porras0449@utc.edu.ec
mailto:luis.curipoma8@utc.edu.ec
mailto:byron.corrales@utc.edu.ec
mailto:jorge.villarroel3491@utc.edu.ec


Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Jefferson A. Porras, Luis R. Curipoma, Byron P. Corrales, Jorge L. Villarroel. Strategies for Harmonic Mitigation in Water 
Pumping Systems Using Neutrosophic Logic 

 

796 

or disconnecting sensitive equipment, while useful in certain cases, prove to be unfeasible or insufficient 

when maintaining energy efficiency and system operability is required. 

The search for more effective solutions has led to the development and implementation of filters, as 

well as transformer reconfiguration and other mitigation strategies. However, the choice among these 

alternatives cannot be made arbitrarily. Multiple criteria must be considered to obtain the best results. 

Added to this is an element that is often overlooked: the inherent uncertainty of the data, both technical 

and subjective, that feeds the decision-making process [7], 

In this scenario, traditional analysis methods present certain limitations. Deterministic approaches, 

for example, tend to assume ideal conditions that rarely occur in practice. Similarly, classical simulation 

models, although valuable, do not always manage to incorporate the real variability of loads or the 

differences in expert evaluations. Hence arises the need for more flexible methods that allow not only 

representing the technical complexity of the system, but also capturing the ambiguity and imprecision 

of available data [8]. 

A promising alternative is offered by the combination of multicriteria decision techniques with neu-

trosophic logic. This logic, which allows working with simultaneous degrees of truth, falsehood, and 

indetermination, is especially useful in environments where data are not entirely clear or are influenced 

by subjective judgments [9]. The integration of models such as TOPSIS within a neutrosophic frame-

work allows evaluating alternatives under a more realistic scheme, where absolute certainty is not re-

quired, but rather a more faithful representation of the uncertain and changing nature of industrial 

electrical systems [10]. 

Applying this approach, the present research aimed to study the phenomenon of harmonic contam-

ination in two pumping stations of the drinking water system: Quillán 1 and Quillán 2. The objective 

was to characterize the harmonic conditions of each station and identify the most appropriate strategies 

to mitigate their effects through the use of neutrosophic logic. 

This work not only responds to a specific technical need but also seeks to provide a methodological 

tool that allows engineers and electrical operation managers to make more informed, transparent, and 

reality-adapted decisions for their installations. In contexts where technical precision must coexist with 

adaptability and expert judgment, these types of hybrid approaches present themselves as a solid path 

toward more sustainable and effective solutions. 

2. Methods 

The research was developed following a sequential mixed approach, whose purpose was to charac-

terize the presence of harmonic distortion in two pumping stations belonging to the Municipal Public 

Company for Drinking Water and Sewerage of Ambato: Quillán 1 and Quillán 2. For this purpose, in-

situ measurements, computational simulations, and evaluation through neutrosophic logic were inte-

grated in an articulated and staged manner. The methodological decisions responded to the need to 

understand the behavior of the electrical system against nonlinear loads and to assess possible mitiga-

tion strategies. 

The two selected stations operated with identical technical configurations: each had two 300 HP 

pump-motor sets, coupled with six-pulse frequency drives (NIDEC M600 and Schneider ATV930 mod-

els), connected to 750 kVA distribution transformers (13,800/440 V ratio). The measurements were con-

centrated on the low voltage side of the transformers, according to the system's single-line diagram. 

With the purpose of capturing the harmonic characteristics of the system, AEMC 3945-B network 

analyzers were installed in both stations. This equipment remained operational during a continuous 

period of seven days, with a sampling interval of five minutes. The measured variables included voltage, 

current, total harmonic distortion of current (THDi), total demand distortion (TDD), and power factor, 

following the provisions established by regulation ARCERNNR-002/20 [11]. The point of common cou-

pling, located at the transformer output toward the drives, served as reference for the spectral analysis. 
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In parallel, the perspective of five specialists in electrical engineering was incorporated, selected for 

their experience in power systems and harmonic distortion mitigation. Their technical criteria were in-

tegrated through a structured survey, designed to evaluate the relative importance of various factors: 

degree of harmonic reduction, implementation cost, maintenance complexity, and regulatory compli-

ance. The interviews were conducted in person, using a five-level ordinal rating scale to facilitate sub-

sequent processing. 

Regarding simulations, the electrical system of both stations was modeled in ETAP software. Three 

load scenarios were considered: nominal (based on field data), increased by 20%, and reduced by 20%. 

For each scenario, load flow, short circuit, and harmonic analysis modules were executed. These results 

constituted the basis for evaluating system behavior and estimating operating parameters under differ-

ent conditions. 

With the empirical and simulated data, the neutrosophic TOPSIS method was applied. Each evalu-

ation criterion was assigned neutrosophic triplets (truth, indetermination, and falsehood values) con-

structed from the judgments issued by the experts. This approach allowed incorporating uncertainty 

both in performance parameters and in economic and operational implications. To calculate the scores 

of each alternative and their ranking, a neutrosophic aggregation operator was used. Additionally, a 

simulation analysis was performed to verify the selected alternatives. 

2.1 Neutrosophy. Fundamentals 

Definition 1 [12]. Let X be a universe of discourse. A Neutrosophic Set (NS) is characterized by three 

membership functions, 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥): 𝑋 →]-0,1+[, that satisfy the condition 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥): 𝑋 →]-

0,1+[, for every 𝑥 ∈ 𝑋. The function 𝑢𝐴(𝑥), 𝑟𝐴(𝑥) and  𝑣𝐴(𝑥) represent the degrees of truth-membership, 

indeterminacy-membership, and falsity-membership of x in A, respectively. Their images are standard 

or non-standard subsets of ]-0,1+[. [13] 

Definition 2. Let X be a universe of discourse. A Single-Valued Neutrosophic Set (SVNS) A over X is 

an object of the form: 𝐴 = {〈𝑥, 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥)〉: 𝑥 ∈ 𝑋} (1) 

Where 𝑢𝐴, 𝑟𝐴, 𝑣𝐴: 𝑋 → [0,1], satisfying the condition 0 ≤ 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥) ≤ 3 for every 𝑥 ∈ 𝑋. The 

functions 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), and 𝑣𝐴(𝑥) represent the degrees of truth-membership, indeterminacy-member-

ship, and falsity-membership of x in A, respectively. For convenience, a Single-Valued Neutrosophic 

Number (SVNN) is expressed as A = (a, b, c), where a, b, c ∈ [0,1] and satisfy 0 ≤  𝑎 +  𝑏 +  𝑐 ≤  3. 

SVNSs emerged with the purpose of applying neutrosophic sets to practical contexts. Some opera-

tions between SVNNs are expressed below:  

1. Let A1 = (a1, b1, c1) and A2 = (a2, b2, c2) be two SVNNs. The sum of A1 and A2 is defined as:  𝐴1  𝐴2 = (𝑎1 + 𝑎2 − 𝑎1𝑎2, 𝑏1𝑏2, 𝑐1𝑐2) (2) 

2. Let A1 = (a1, b1, c1) and A2 = (a2, b2, c2) be two SVNNs. The multiplication of A1 and A2 is 

defined as:  𝐴1  𝐴2 = (𝑎1𝑎2, 𝑏1+𝑏2 − 𝑏1𝑏2, 𝑐1 + 𝑐2 − 𝑐1𝑐2) (3) 

3. The product of a SVNN, 𝐴 = (𝑎, 𝑏, 𝑐), by a positive scalar is defined as:  𝜆𝐴 = (1 − (1 − 𝑎)𝜆, 𝑏𝜆 , 𝑐𝜆) (4) 
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4. Let {𝐴1, 𝐴2, … , 𝐴𝑛} be a set of n SVNNs, where 𝐴𝑗 = (𝑎𝑗, 𝑏𝑗 , 𝑐𝑗) (𝑗 =  1, 2, … , 𝑛), Then, the Sin-

gle-Valued Neutrosophic Weighted Average Operator (SVNWAO) over the set is calculated using 

the following equation:  

 ∑ 𝜆𝑗𝐴𝑗 = (1 − ∏(1 − 𝑎𝑗)𝜆𝑗𝑛
𝑗=1 , ∏ 𝑏𝑗 𝜆𝑗 , ∏ 𝑐𝑗𝜆𝑗 ,𝑛

𝑗=1  𝑛
𝑗=1 )𝑛

𝑗=1  (5) 

Where 𝜆𝑗 is the weight of Aj, with 𝜆𝑗 ∈[0, 1] and ∑ = 1𝑛𝑗=1 .  

Definition 3. Let 𝐴∗ = (𝐴1∗ , 𝐴2∗ , … , 𝐴𝑛∗ ) be a vector of  SVNNs, such that 𝐴𝑗∗ = (𝑎1∗ , 𝑏2∗, 𝑐𝑗∗)(𝑗 = 1,2, … , 𝑛)  

and 𝐵𝑖 = (𝐵𝑖1, 𝐵𝑖2, … , 𝐵𝑖𝑚)(𝑖 = 1,2, … , 𝑚)   be m vectors of n SVNNs, where 𝐵𝑖𝑗 = (𝑎𝑖𝑗 , 𝑏𝑖𝑗 , 𝑐𝑖𝑗)(𝑖 =1,2, … , 𝑚)(𝑗 = 1,2, … , 𝑛). Then, the Separation Measure between Bᵢ and A* is calculated using the follow-

ing equation:  

𝑠𝑖 = (13 ∑ {(𝑎𝑖𝑗 − 𝑎𝑗∗)2 + (𝑏𝑖𝑗 − 𝑏𝑗∗)2 + (𝑐𝑖𝑗 − 𝑐𝑗∗)2}𝑛
𝑗=1 )12

 

 

Where 𝑖 = (1,2, … , 𝑚) 

(6) 

Definition 4. Let 𝐴 = (𝑎, 𝑏, 𝑐) be a SVNN. The score function S of an SVNN, based on the degree of 

truth-membership, the degree of indeterminacy-membership, and the degree of falsity-membership, is 

defined by the following equation:  

𝑆(𝐴) = 1 + 𝑎 − 2𝑏 − 𝑐2  (7) 

Where 𝑆(𝐴) ∈ [−1,1] 
In this article, linguistic terms will be associated with SVNNs, allowing experts to carry out their 

evaluations using linguistic expressions, which is more natural. Therefore, the scales presented in Table 

1 will be considered. 

Table 1: Linguistic terms used. Source: [10] 

 

Linguistic Term SVNN  

Very Very Good (VVG) (0.9, 0.1, 0.1)  

Good (G)  (0.70,0.25,0.30)  

Medium (M)  (0.50,0.50,0.50)  

Bad (b)  (0.30,0.75,0.70)  

Very Very Bad (VVB)  (0.10,0.90,0.90)  

2.2. TOPSIS Method for SVNS [14] 

Let A = {𝜌1, 𝜌2, … , 𝜌𝑚} be a set of alternatives and G = {𝛽1, 𝛽2, … , 𝛽𝑛}  be a set of criteria. The following 

steps are carried out: 

Step 1: Establish the relative importance of the experts. For this purpose, specialists evaluate accord-

ing to the linguistic scale shown in Table 1, and calculations are performed with the associated SVNS. 

Let 𝐴𝑡 = (𝑎𝑡, 𝑏𝑡 , 𝑐𝑡)  denote the SVNS corresponding to the t-th decision-maker (𝑡 = 1,2, … , 𝑘) . The 

weight is calculated by the following formula: 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Jefferson A. Porras, Luis R. Curipoma, Byron P. Corrales, Jorge L. Villarroel. Strategies for Harmonic Mitigation in Water 
Pumping Systems Using Neutrosophic Logic 

 

799 

δ𝑡 = 𝑎𝑡+𝑏𝑡( 𝑎𝑡𝑎𝑡+𝑐𝑡)∑ 𝑎𝑡𝑘𝑡=1 +𝑏𝑡( 𝑎𝑡𝑎𝑡+𝑐𝑡)         (8) 

δ𝑡 ≥ 0 𝑎𝑛𝑑  ∑ δ𝑡 = 1𝑘𝑡=1  

Step 2: Construction of the aggregated single-valued neutrosophic decision matrix. This matrix is 

formed as 𝐷 = ∑ 𝜆𝑡𝐷𝑡𝑘𝑡=1 , where 𝑑𝑖𝑗 = (𝑢𝑖𝑗 , 𝑟𝑖𝑗, 𝑣𝑖𝑗), and is used to aggregate all individual evaluations. 

Each 𝑑𝑖𝑗 is calculated as the aggregation of the evaluations given by each expert (𝑢𝑖𝑗𝑡 , 𝑟𝑖𝑗𝑡 , 𝑣𝑖𝑗𝑡 ), using the 

weights λt of each expert with the use of Equation 5. In this way, a matrix 𝐷 = (𝑑𝑖𝑗)𝑖𝑗 is obtained, where 

each 𝑑𝑖𝑗 is an SVNS (𝑖 = 1,2, … , 𝑚; 𝑗 = 1,2, … , 𝑛). 

Step 3: Determination of the weights of the criteria. Suppose the weight of each criterion is given by 𝑊 = (𝑤1, 𝑤2, … , 𝑤𝑛), where wⱼ indicates the relative importance of criterion βⱼ. Let 𝜆𝑡𝑤𝑗𝑡 = (𝑎𝑗𝑡, 𝑏𝑗𝑡 , 𝑐𝑗𝑡) be 

the evaluation of criterion βⱼ by the t-th expert. Then, Equation 5 is used to aggregate the 𝑤𝑗𝑡 values with 

the weights 𝜆𝑡. 

Step 4: Construction of the weighted average single-valued neutrosophic decision matrix with re-

spect to the criteria. 𝐷∗ = 𝐷 ∗ 𝑊,           (9) 𝑊ℎ𝑒𝑟𝑒 𝑑𝑖𝑗 = (𝑎𝑖𝑗, 𝑏𝑖𝑗 , 𝑐𝑖𝑗)  

Step 5: Calculation of the positive and negative ideal SVNS solutions. The criteria can be classified 

as either benefit-type or cost-type. Let G₁ be the set of benefit-type criteria and G₂ the set of cost-type 

criteria. The ideal alternatives are determined as follows:  

The positive ideal solution, corresponding to G1.  𝜌+ = 𝑎𝜌+𝑤(𝛽𝑗), 𝑏𝜌+𝑤(𝛽𝑗), 𝑐𝜌+𝑤(𝛽𝑗)             (10)  

The negative ideal solution, corresponding to G2.  𝜌− = (𝑎𝜌−𝑤(𝛽𝑗), 𝑏𝜌−𝑤(𝛽𝑗), 𝑐𝜌−𝑤(𝛽𝑗))                          (11) 

Where: 

𝑎𝜌+𝑤(𝛽𝑗) = {𝑚𝑎𝑥𝑖𝑎𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑖𝑛𝑖𝑎𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 𝑎𝜌−𝑤(𝛽𝑗) = { 𝑚𝑖𝑛𝑖𝑎𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑎𝑥𝑖𝑎𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 
𝑏𝜌+𝑤(𝛽𝑗) = { 𝑚𝑖𝑛𝑖𝑏𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑎𝑥𝑖𝑏𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 𝑏𝜌−𝑤(𝛽𝑗) = {𝑚𝑎𝑥𝑖𝑏𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑖𝑛𝑖𝑏𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 
𝑐𝜌+𝑤(𝛽𝑗) = { 𝑚𝑖𝑛𝑖𝑐𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑎𝑥𝑖𝑐𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 𝑐𝜌−𝑤(𝛽𝑗) = {𝑚𝑎𝑥𝑖𝑐𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺1𝑚𝑖𝑛𝑖𝑐𝜌𝑖𝑤(𝛽𝑗), 𝑖𝑓 𝑗𝜖𝐺2, 

Step 6: Calculation of the distances to the positive and negative ideal SVNS solutions. Using Equa-

tion 6, the following expressions are computed: 𝑑𝑖+ = ( 13𝑛 ∑ {(𝑎𝑖𝑗 − 𝑎𝑗+)2 + (𝑏𝑖𝑗 − 𝑏𝑗+)2 + (𝑐𝑖𝑗 − 𝑐𝑗+)2}𝑛𝑗=1 )12
          (12) 

𝑑𝑖− = ( 13𝑛 ∑ {(𝑎𝑖𝑗 − 𝑎𝑗−)2 + (𝑏𝑖𝑗 − 𝑏𝑗−)2 + (𝑐𝑖𝑗 − 𝑐𝑗−)2}𝑛𝑗=1 )12
         (13) 
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Step 7: Calculation of the Coefficient of Proximity (CC). The CP of the alternatives is calculated with 

respect to the positive and negative ideal solutions.  𝜌𝑗̃ = 𝑑𝑖−𝑑𝑖++𝑑𝑖−               (14) 

Where 0 ≤ 𝜌𝑗̃ ≤ 1.  

Step 8: Determination of the ranking of the alternatives. The alternatives are ranked according to the 

values obtained by 𝜌𝑗̃. They are ordered from highest to lowest, with the condition that 𝜌𝑗̃ approaching 

1 represents the optimal solution. 

3. Results 

Initially, the measurements performed provided detailed information about the operational condi-

tions of the electrical system and served as the basis for evaluating its compliance with current technical 

regulations. As observed in Table 2, in Quillán 1 station an average voltage of 451.0 V and a line current 

of 474.23 A were observed, while the apparent power reached 374.8 kVA, with a power factor of 0.935. 

On the other hand, in Quillán 2, the voltage was 454.5 V, the current was 462.03 A, and the apparent 

power was 367 kVA, with a power factor of 0.932 being recorded. These values indicated acceptable 

behavior from the energy utilization standpoint, as both cases exceeded the minimum threshold of 0.92 

required by Empresa Eléctrica Ambato S.A. However, the current harmonic distortion indices (THDi) 

evidenced a different situation. In Quillán 1, a THDi of 27.89% was recorded, and in Quillán 2, 29.70%, 

levels that widely exceeded the permissible limits, reflecting a clear affectation by harmonics, particu-

larly attributable to electronic converters. 

 

Table 2: Pumping stations demand data. Source: Authors. 

 

Description Quillán 1 Quillán 2 

System Voltage (V) 451.0 454.5 

Current (A) 474.23 462.03 

Current THD (%) 27.89 29.70 

Apparent Power (kVA) 374.8 367 

Power Factor 0.935 0.932 

 

Total demand distortion (TDD) was also estimated based on the measurements and, like THDi, 

widely exceeded the maximum value of 8% established by national regulation. In Quillán 1, a TDD of 

27.77% was obtained, while in Quillán 2 the value reached 28.66%. These results confirmed the magni-

tude of harmonic distortion present in the system. 

The electrical system characterization, supported by the technical field survey, facilitated modeling 

in the ETAP environment. The stations shared similar structural characteristics: 750 kVA transformers 

fed from the same feeder, service connections with XLPE 1/0 AWG cable and distances of 25 meters in 

Quillán 1 and 350 meters in Quillán 2. The short-circuit parameters estimated at the transformer sec-

ondary were consistent with the physical configuration of the system. In Quillán 1, currents of 15,988 A 

for the three-phase case and 18,640 A for the single-phase case were calculated, while in Quillán 2, 15,552 

A and 18,129 A were obtained, respectively. The ratio between short-circuit current and load current 

(Icc/IL) remained within the range established by regulations, with values of 39.31 in Quillán 1 and 39.23 

in Quillán 2, as shown in Table 3. This justified the application of harmonic distortion limits for medium 

stiffness installations. 
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Table 3: Short-circuit ratio for each transformer. Source: Authors. 

 

Transformer 
Load Current 

(IL) 

Maximum Short-circuit Cur-

rent (Icc) 

Icc/IL Ra-

tio 

Quillán 1 474.23 A 18,640 A 39.31 

Quillán 2 462.03 A 18,129 A 39.23 

 

The model simulated in ETAP was validated through comparison with real data. In the load flow 

analysis, discrepancies between measured and simulated values were minimal, which reaffirmed the 

model's fidelity to real conditions. For example, in Quillán 1, the simulated current was 475 A versus 

473.23 A measured, with a simulated power factor of 0.933 and measured 0.935. In Quillán 2, the simu-

lated current was 462.5 A versus 462.03 A measured, with an equally marginal difference. This corre-

spondence strengthened the validity of subsequent analyses performed in the virtual environment. 

The harmonic analysis allowed quantifying in greater detail the magnitude of individual compo-

nents. The fifth-order harmonic reached values of 26.2% in Quillán 1 and 27.8% in Quillán 2, while the 

seventh order was situated around 7.8% and 7.9%, respectively. Both measurements and simulations 

(see Table 4) reflected substantial coherence, with deviations below 0.1%, which reinforced the model's 

validity for predictive analysis purposes and solution design. 

Table 4: Pumping stations demand data. Source: Authors. 

 

Transformer 
Quillán 1 Quillán 2 

Simulation Measurement Simulation Measurement 

Current (A) 475 473.23 462.5 462.03 

Power factor 0.933 0.935 0.934 0.932 

Apparent Power (kVA) 370.9 374.8 363.5 367 

 

The results indicated that the system operated efficiently in terms of power and load factor but faced 

a critical harmonic distortion problem. The repeated presence of low-order harmonics and the elevated 

TDD values served as a technical basis for advancing toward the proposal of strategies that help miti-

gate this situation. 

In this regard, the strategies to be evaluated included the use of tuned passive filters, use of power 

electronics active filters, and reconfiguration of supply transformers. Each of these options responded 

to different approaches to reduce the previously diagnosed harmonic distortion. The evaluation of strat-

egies aimed at mitigating harmonic contamination in the pumping stations was developed through the 

neutrosophic TOPSIS method, which proved especially pertinent given the uncertainty conditions in-

herent to the operational environment and to the experts' own judgments. 

A structured survey was applied to the previously selected expert panel, who assessed four essential 

evaluation criteria: harmonic reduction capacity, implementation cost, required maintenance complex-

ity, and degree of compliance with regulations. The values from Table 1 were employed to evaluate 

these criteria, obtaining the weight vector shown in Table 5. 

Table 5: Criteria weight vector. Source: Authors. 

 

Criterion Criterion Weight 

Harmonic reduction (0.88,0.12,0.115) 

Implementation cost (0.713,0.287,0.24) 

Maintenance complexity (0.856,0.144,0.132) 

Regulatory compliance (0.713,0.287,0.24) 
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Based on the evaluations provided by the experts, the initial decision matrix was constructed, inte-

grating the neutrosophic values corresponding to each technological alternative in relation to the estab-

lished criteria. Using this data, the weighted decision matrix was developed, incorporating the evalua-

tions of the alternatives while considering the weights of each criterion. This matrix constitutes a key 

element for applying the neutrosophic TOPSIS method, as it enables the calculation of distances to the 

ideal solutions. Table 6 presents the resulting matrix. 

Table 6: Aggregated weighted decision matrix. Source: Authors. 

 

Alternatives Criterion 1 Criterion 2 Criterion 3 Criterion 4 

Alt 1 (0.774,0.226,0.217) (0.571,0.429,0.378) (0.708,0.292,0.264) (0.61,0.39,0.34) 

Alt 2 (0.734,0.266,0.255) (0.571,0.429,0.378) (0.733,0.267,0.247) (0.59,0.41,0.356) 

Alt 3 (0.269,0.805,0.84) (0.642,0.358,0.316) (0.693,0.307,0.297) (0.61,0.39,0.34) 

Ideal (+) (0.774,0.226,0.217) (0.571,0.429,0.378) (0.693,0.307,0.297) (0.61,0.39,0.34) 

Ideal (–) (0.269,0.805,0.84) (0.642,0.358,0.316) (0.733,0.267,0.247) (0.59,0.41,0.356) 

 

From this matrix, the distances to the positive ideal (d⁺) and the negative ideal (d⁻) were calculated, 
as well as the coefficient of proximity (CP) for each alternative. These values, presented in Table 7, made 

it possible to establish a preference ranking among the evaluated alternatives. 

Table 7: Ideal distances and coefficients of proximity. Source: Authors. 

 

Alternatives d⁺ d⁻ CP Orden 

Passive Filters 0.0113 0.2879 0.962 1 

Active Filters 0.0308 0.2682 0.897 2 

Transformer Reconfiguration 0.2876 0.0237 0.076 3 

 

The analysis indicated that the alternative with the greatest proximity to the positive ideal solution 

is passive filters, which obtained a closeness coefficient of 0.962, standing out as the most suitable option 

for harmonic mitigation in pumping systems. This strategy demonstrated a notable balance between 

technical effectiveness, moderate implementation cost, and regulatory compliance, positioning it as the 

most robust solution. 

In second place were active filters, with a very similar coefficient (0.897), reflecting their high tech-

nical performance, although with slightly higher maintenance complexity. This alternative can be con-

sidered highly competitive, especially in environments that support sustained technological invest-

ments. 

After identifying passive filters as the most suitable alternative for mitigating harmonic distortion in 

pumping stations, the design and technical validation of these devices were carried out. The process 

began with the load flow analysis and the harmonic spectrum recorded at the Quillán 1 station, whose 

initial values showed distortion levels above the limits established by Ecuadorian regulations. 

The sizing of the tuned filters initially focused on the attenuation of the 5th harmonic, as this repre-

sented the most significant component within the measured harmonic spectrum. Based on the station’s 
operating data — an apparent power of 370.9 kVA, line voltage of 451 V, and a power factor of 0.9332 

— it was determined that a correction was needed to achieve a power factor close to 0.98. The design 

yielded an effective reactive power of 63 kVAR, which allowed the determination of the filter parame-

ters: a capacitance of 786.69 μF, an inductance of 0.3802 mH, and a resistance of 0.023 Ω, configured 
with a quality factor Q equal to 30. 

The ETAP simulation revealed that the fundamental current of the filter reached 80.65 A, while the 

current corresponding to the 5th harmonic was 21.05 A. The total RMS current recorded in the filter was 

83.73 A, representing 103.8% of the fundamental current, thus complying with the established limit of 
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135%. Regarding the capacitor’s behavior, an RMS voltage of 108.425% with respect to the system's 
nominal voltage was observed, within the permissible margin of 110%. It was also verified that the 

recalculated reactive power (112.56%) and the associated dielectric heating (70.917 kVAR) remained 

within acceptable regulatory values, validating the technical feasibility of the design. 

The results obtained for the Quillán 2 station were similar, with a passive filter sizing that yielded a 

power of 20.31 kVAR. Subsequently, the simulation results showed effective reduction of the 5th har-

monic, reaching 4.58% for Quillán 1 and 4.61% for Quillán 2, both below the 7% threshold established 

by current regulations. However, it was found that the Total Demand Distortion (TDD) remained high, 

with values of 9.14% and 10.42% respectively, indicating the need to adjust the system by incorporating 

filters tuned to the 7th harmonic. 

The design of these additional filters included parameters similar to the previous ones, with capaci-

ties of 21 kVAR and 0.189 mH for Quillán 1, and 20.31 kVAR and 0.199 mH for Quillán 2. The final 

simulation, the results of which are presented in Table 8, reflected a substantial improvement in the 

system’s harmonic behavior. The 5th harmonic remained stable at 4.49% and 4.55%, while the 7th har-
monic was significantly reduced to 1.48% and 1.10%. As for the TDD, values of 5.98% for Quillán 1 and 

7.34% for Quillán 2 were recorded, both within the margins accepted by the regulation. 

Table 8: Simulation results with filters tuned to the 5th and 7th harmonics. Source: Authors. 

 

Harmonic Limit Quillán 1 Quillán 2 

5º 7% 4.49% 4.55% 

7º 7% 1.48% 1.10% 

TDD 8% 5.98% 7.34% 

 

The combined implementation of passive filters tuned to the 5th and 7th harmonics proved to be an 

effective technical strategy, not only due to their capacity to reduce individual harmonics but also for 

ensuring comprehensive compliance with regulatory energy quality parameters. These findings not 

only supported the prior selection made through the neutrosophic multicriteria evaluation but also 

demonstrated that a well-designed passive solution can satisfactorily meet the operational demands of 

complex electrical systems such as water pumping stations. 

4. Discusion 

The results obtained prompted reflection on the practical value of integrating neutrosophic logic into 

the decision-making process. The use of this logical framework, which simultaneously accommodates 

degrees of truth, falsity, and indeterminacy, facilitated a reading closer to the reality of electrical systems, 

where operational conditions are seldom defined with absolute precision. 

The application of the TOPSIS method, combined with the principles of neutrosophic logic, enabled 

the selection of the most suitable alternative without imposing a false dichotomy between supposedly 

mutually exclusive options. Instead of working with idealized criteria and binary decisions, an evalua-

tion was prioritized that recognized nuances, contradictions, and areas of uncertainty. This approach 

proved especially useful when comparing different solutions for the study’s problem, where the bene-
fits of each alternative depended on multiple technical, economic, and regulatory factors that were not 

always directly comparable. 

The values obtained after implementing the filters confirmed that the option selected through this 

integrative process was not only viable but also compatible with the standards required by national 

regulations. The reduction of the 5th and 7th order harmonics, as well as compliance with the TDD and 

THDi limits, validated the appropriateness of decisions made based on a more flexible and adaptive 

logic. This was essential for addressing operational contexts with narrow margins, where a traditional 

evaluation might have dismissed functional alternatives for failing to strictly meet certain parameters. 
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Furthermore, the use of neutrosophic logic provided a useful tool for addressing the inherent uncer-

tainty of real systems. This capacity to manage ambiguity without oversimplifying it allowed for the 

construction of a decision-making process closer to practical conditions. Consequently, the findings of 

this work not only offered a functional solution to the technical problem addressed but also contributed 

evidence regarding the utility of adopting conceptual frameworks that acknowledge the inherent com-

plexity of real-world application environments. 

5. Conclusion 

An energy quality characterization was conducted at two pumping stations, enabling the identifica-

tion of elevated harmonic distortion levels generated by variable frequency drives. This initial diagnosis 

served as the basis for designing a technical solution focused on the application of passive tuned filters 

aimed at mitigating the 5th and 7th order harmonics. The design and simulation of these devices 

achieved values within the margins established by national regulations, demonstrating a significant 

improvement in total demand distortion indices and a substantial reduction of predominant harmonics. 

Validation of the results through the ETAP environment confirmed that the proposed solution was tech-

nically feasible and applicable to electrical systems with similar conditions. 

The selection of the most suitable strategy was made possible by integrating neutrosophic logic with 

the multicriteria decision-making method TOPSIS, which allowed addressing the uncertainty inherent 

in expert judgment and electrical system behavior. This approach evaluated technical, economic, and 

regulatory criteria, enabling a clear determination that the alternative based on passive filters offered 

the best balance. The application of neutrosophic analysis provided a framework capable of capturing 

not only expected values but also the zones of indeterminacy associated with each option, enriching the 

quality of the decision-making process. This methodological integration represented a substantial con-

tribution to the analysis of complex electrical problems and opens a future line of work in optimizing 

technical solutions through approaches based on neutrosophic logic and its articulation with multicrite-

ria tools. 
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Abstract. This study is relevant to the evaluation of Peruvian salad as a tourism product, filling an unexamined 

research gap as the literature does not currently possess a sound evaluation of gastronomic products by valuing 

the cultural element generated by and for the tourists. This is especially important in today's world where gastro-

nomic tourism is the wave of the future socio-economically and as a cultural signifier in Peru. Where salads could 

be considered a secondary plate, for example, it may be the perfect avenue to supplement variety in culinary pro-

jects from within the scope of Peru. Yet there is no reliable methodology for food product tourism valuation. Exist-

ing food tourism evaluation measures do not value uncertainty, contradiction, and multi-dimensionality based 

upon one's gestation with said products. Thus, the Plithogenic Offsets approach was applied here—an assessment 

that acknowledges multiple criteria and levels of contradiction against the most relative value. This contribution 

adds to the theoretical literature by applying plithogenic offset approaches to culinary tourism scholarship and, 

practically, as an assessment method applicable to future policy of gastronomic intentions, tourism trail recommen-

dations, and sustainable experiences created through culinary offerings with cultural substantiation. 

 

Keywords: Peruvian Salad, Gastronomic Tourism, Food Culture, Sustainability, Culinary Innovation, Multicriteria 

Analysis, Plithogenic Offsets, Tourism Products, Tourist Perception. 

1. Introduction 

Gastronomy has consolidated its position in recent years as a strategic dimension of tourism devel-

opment, particularly in contexts where cultural identity is intertwined with food biodiversity. In this 

context, the Peruvian salad—usually considered a complementary dish—is gaining prominence as an 

expression of the balance between health, tradition, and culinary innovation. In an era characterized by 

a growing demand for sustainable, healthy, and authentic tourist experiences, it is urgent to rethink the 

elements that comprise the national gastronomic offering. Several studies have highlighted the capacity 

of gastronomic tourism to stimulate local economies, strengthen the sense of belonging, and promote 

the use of native ingredients [1], [2]. 

Historically, salad has been relegated to a secondary role on Peruvian menus, overshadowed by 

emblematic dishes such as ceviche, pachamanca, or ají de gallina. However , in recent years there has 

been a significant shift in consumer and international visitor perception, motivated by the rise of con-

scious eating, the valorization of fresh products, and the recognition of ancestral practices that had been 

made invisible [3]. This new panorama is part of a global context where a healthy and sustainable diet 

occupies a central place on public and private agendas [4]. 

Despite this, academic literature on gastronomy tourism still pays little attention to the role of salads 

as a tourist product with symbolic, nutritional, and experiential value. Most research focuses on haute 

cuisine dishes or gastronomic festivals, neglecting everyday preparations that, paradoxically, encapsu-

late much of traditional culinary knowledge. Furthermore, the methodological approaches used to as-

sess these products tend to be linear and insensitive to the complexity of human perceptions, especially 
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when these include contradictions, ambivalences, or multiple judgments [5]. This situation raises a cen-

tral question: How can we evaluate, from a multi-criteria and contextualized perspective, the potential 

of Peruvian salad as a tourist product? Is it possible to integrate seemingly disparate dimensions—such 

as flavor, health, sustainability, and identity—into a single analytical tool that respects the subjective 

richness of human judgment? These questions open up a fertile field of research that connects the anal-

ysis of traditional foods with advanced methodologies for decision-making under uncertainty. 

In response to this problem, this study proposes an innovative approach using Plithogenic Offsets, 

an extension of neutrosophic logic designed to address contexts where the evaluated attributes present 

varying degrees of contradiction with respect to a dominant value. This tool allows for the articulation 

of multiple valuation criteria—such as native origin, nutritional value, culinary creativity, and presen-

tation—considering not only their relative importance but also the tensions or disagreements between 

them. Thus, a plithogenic matrix is constructed that more faithfully reflects the perceptual complexity 

of the gastronomic tourist. From a technical perspective, the model incorporates plithogenic aggregation 

functions modulated by the degree of contradiction of each attribute, which represents a substantial 

improvement over traditional approaches such as AHP or correspondence analysis [6,7]. To evaluate 

the tourism potential of Peruvian salad as a culinary product, three experts with complementary profiles 

and extensive experience in their respective fields were selected, allowing the observation of patterns 

that were not evident under conventional methods. This methodological combination provides the field 

with an integrated, dynamic and adaptable vision. 

The results reveal that Peruvian salad not only possesses valuable attributes from a nutritional and 

aesthetic perspective, but is also perceived as an element of cultural authenticity by foreign tourists, 

especially when it integrates ingredients such as cushuro , chocho, or quinoa. Furthermore, high levels 

of contradiction were identified between attributes such as innovation and tradition, suggesting per-

ceptual tensions that must be strategically addressed. This interpretive richness would be difficult to 

capture with tools that operate within strictly binary or linear frameworks. 

Consequently, the main objective of this research is twofold: first, to evaluate the tourism potential 

of Peruvian salad through a multicriteria perspective based on Plithogenic Offsets; and second, to 

demonstrate the applicability of this methodology in the analysis of gastronomic products in diverse 

cultural contexts. The aim is to contribute to the diversification of culinary tourism in Peru, offer valu-

able input for the design of authentic gastronomic experiences, and, at the same time, enrich the theo-

retical framework for tourism evaluation under conditions of complexity and uncertainty. 

2. Preliminaries 

This section reviews the fundamental concepts associated with the plithogenic assemblage, includ-
ing key ideas related to displacement processes, element interaction through superposition, and partial 
inclusion or subposition . It also addresses the integrated combination of these three mechanisms within 
the plithogenic approach. 
 

A. Plithogenic set 

Definition 1 ([8]). Let U be a universal set. A plithogenic set PS, where P is a subset of S, is defined as: PS = (P, v, Pv, pdf, pcf), such that: 

• vis an attribute, 
• Pvis the range of possible values for v, 
• pdf: P × Pv → [0, 1]𝑠is the Degree of Relevance Function ( DAF ), 
• pcf: Pv × Pv → [0, 1]𝑡is the Degree of Contradiction Function ( DCF) ). 
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So for all 𝑎, 𝑏 ∈ Pv, pcfsatisfies: 

1. pcf(𝑎, 𝑎) = 0, DCF reflexivity. 
2. pcf(𝑎, 𝑏) = pcf(𝑏, 𝑎), commutativity of DCF. 

They are classified as follows: 

• For s = t = 1, it is a plithogenic fuzzy set ; 
• For s = 2, t = 1, it is an intuitionistic plithogenic fuzzy set ; 
• For s = 3, t = 1, it is a Plithogenic Neutrosophic Set; 
• For s = 4, t = 1, it is a plithogenic quadripartite neutrosophic set ; 
• For s = 5, t = 1, it is a plithogenic pentapartitioned neutrosophic set ; 
• For s = 6, t = 1, it is a plithogenic hexapartitioned neutrosophic set ; 
• For s = 7, t = 1, it is a plithogenic heptapartitioned neutrosophic ensemble ; 
• For s = 8, t = 1, it is a plithogenic octopartitioned neutrosophic set ; 
• For s = 9, t = 1, it is a plithogenic unpartitioned neutrosophic set. 

More about this theory and application can be read in [8-13]. 

B. Plithogenic Offsets 

 

Definition 2 ([8 ,9,10 ]). Let X be a universe of discourse. Furthermore, Ψrepresents true and Ωrep-

resents false. 𝐴 ⊆ 𝑋It is a Critical Shift if there exists a characteristic function 𝜒𝐴: 𝑋 → {Ψ, Ω}such that: 𝜒𝐴(𝑥) = {Ω, if x ∈ A,Ψ, if x ∉ A.  
Definition 3 ([8 ,9,10 ]). Let X be a universe of discourse. 𝐴̃It is a subset of X and is called Fuzzy Shift 

if it is defined as follows: 𝐴̃ = {(𝑥, 𝜇𝐴̃(𝑥)): 𝑥 ∈ 𝑋, 𝜇𝐴̃(𝑥) ∈ [Ψ, Ω]}, where Ψ < 0and Ω > 1. 

Definition 4 ([8 ,9,10 ]). Let X be a universe of discourse. 𝐴𝑜𝑓𝑓It is a subset of X and is called the 

Univalued Neutrosophic Shift if defined as follows: 𝐴𝑜𝑓𝑓 = {(𝑥, 〈𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥)〉): 𝑥 ∈ 𝑋, 𝑠. 𝑡.  ∃(𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥) < 0 or 𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥) > 1)}, so: 

• 𝑇(𝑥)It is the function of belonging to truth, 𝐼(𝑥)it is the function of belonging to 
indeterminacy and 𝐹(𝑥)it is the function of belonging to falsehood. 

• 𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥) ∈ [Ψ, Ω], where Ψ < 0(called UnderLimit ) and Ω > 1(called Over-
Limit ). 

• When the interval is [Ψ, 1]and Ψ < 0, then it is an UnderSet. 
• When the interval is [0, Ω]and Ω > 1, then it is an OverSet. 

Definition 5 ([11,12,13 ] ). Let X be a universal set. A plithogenic shift 𝑃𝑆𝑜𝑓𝑓, where P is a subset of S 

is defined as: PS𝑂𝑓𝑓 = (P, v, Pv, pdf, pcf), such that: 

• vis an attribute, 
• Pvis the range of possible values for v, 
• pdf: P × Pv → [Ψ𝑣 , Ω𝑣]𝑠is the Degree of Relevance Function ( DAF ), 
• pcf: Pv × Pv → [Ψ𝑣 , Ω𝑣]𝑡is the Degree of Contradiction Function ( DCF) ). 
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Where Ψ𝑣 < 0and Ω𝑣 > 1. 

• When the interval is [Ψ𝑣 , 1]and Ψ𝑣 < 0, then it is a Plithogenic Subset . 
• When the interval is [0, Ω𝑣]and Ω𝑣 > 1, then it is a Plithogenic OverSet . 

Equivalent to the Plithogenic Sets, we have the following classifications: 

• For s = t = 1, it is a plithogenic diffuse displacement ; 
• For s = 2, t = 1, it is an intuitionistic plithogenic diffuse displacement ; 
• For s = 3, t = 1, it is a Plithogenic Neutrosophic Offset ; 
• For s = 4, t = 1, it is a Plithogenic Quadripartitioned Neutrosophic Offset ; 
• For s = 5, t = 1, it is a Plithogenic Pentapartitioned Neutrosophic Offset ; 
• For s = 6, t = 1, it is a Plithogenic Hexapartitioned Neutrosophic Offset ; 
• For s = 7, t = 1, it is a Plithogenic Heptapartitioned Neutrosophic Offset ; 
• For s = 8, t = 1, it is a Plithogenic Octopartitioned Neutrosophic Offset ; 
• For s = 9, t = 1, it is a Plithogenic Unpartitioned Neutrosophic Offset . 

Example 1 ([11 ,12,13 ]): Let X be the set of suspected medical conditions. Then, for each medical 

condition, 𝑥 ∈ 𝑋we have the following neutrosophic degrees 𝑇(𝑥), 𝐼(𝑥), 𝐹(𝑥) ∈ [Ψ, Ω], extended beyond 

the classical interval [0, 1]. 𝐴𝑜𝑓𝑓 = {(𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑋, 〈𝑇(𝑋) = 1.1, 𝐼(𝑋) = 0.4, 𝐹(𝑋) = 0.2〉), (𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑌, 〈𝑇(𝑌) = 0.7, 𝐼(𝑋) = 0.6, 𝐹(𝑋) =0.1〉)}. 

So, while for Disease Y we have a standard assessment of truthfulness, indeterminacy, and falsity, 

for Disease X we have the following interpretation: 

• 𝑇(𝑋)  =  1.1: There is a high probability of suffering from disease X due to ad-
vanced diagnostic tools, 

• 𝐼(𝑋)  =  0.4: There is moderate uncertainty due to overlap of symptoms with 
other disorders, 

• 𝐹(𝑋)  =  −0.2: There is a negative fallacy because atypical symptoms decrease the 
likelihood of misdiagnosis. 

Let X be a universe of discourse, A = {(𝑥, 〈TA(𝑥), IA(𝑥), FA(𝑥)〉), 𝑥 ∈ X} and B ={(𝑥, 〈TB(𝑥), IB(𝑥), FB(𝑥)〉), 𝑥 ∈ X}two single-valued neutrosophic Shifts/Shifts/Subshifts. 

T A , I A , F A , T B , I B , F B : X →[ , ], where 0 < 1 , is the lower limit, while T A ( x ), I A ( x ), F A 

( x ), T B ( x ), I B ( x ), F B ( x ) is the upper limit [ , ] . 

Then the main operators are defined as follows [9]: A ∪ B = {(x, 〈max(TA(x), TB(x)), min(IA(x), IB(x)), min(FA(x), FB(x))〉), x ∈ X}is the union . A ∩ B = {(x, 〈min(TA(x), TB(x)), max(IA(x), IB(x)), max(FA(x), FB(x))〉), x ∈ X}is the intersection, C(A) = {(x, 〈FA(x), Ψ + Ω−IA(x), TA(x)〉), x ∈ X}It is the neutrosophic complement of the neutrosophic 

set. 

A unique negation can be defined as in equation 1[14,15]. 
off〈T, I, F〉 =  〈F, ΨI + ΩI − I, T〉                  (1)  

Definition 6. Let c be a neutrosophic component (T Off , I Off or F Off ) . : M Off →[ , ], where 0 and 

1. The neutrosophic component N- OffNormNoffn : [Ψ, Ω]2 → [Ψ, Ω] satisfies the following conditions for any 

element x , and and z M out : 

i.Noffn (c(𝑥), Ψ) = Ψ, Noffn (c(𝑥), Ω) = c(𝑥)(Overpass conditions), 
ii.Noffn (c(𝑥), c(𝑦)) = Noffn (c(𝑦), c(𝑥))(Commutativity), 
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iii.If c(𝑥) ≤ c(𝑦)then Noffn (c(𝑥), c(𝑧)) ≤ Noffn (c(𝑦), c(𝑧))(Monotonicity), 
iv.Noffn (Noffn (c(𝑥), c(𝑦)), c(𝑧)) =  Noffn (c(𝑥), Noffn (c(𝑦), c(𝑧)))(Associativity). 

We can use the following simplified notation 〈T1, I1, F1〉 ∧off〈T2, I2, F2〉 = 〈T1 ∧offT2, I1 ∨off I2, F1 ∨off F2〉. 
Definition 7. Let c be a neutrosophic component (T Off , I Off or F Off ). c : M Off →[ , ], where 0 and 

1. The neutrosophic component N- OffConorm NOffco : [Ψ, Ω]2 → [Ψ, Ω]satisfies the following conditions 

for any element x, y, z M Off  [14,15]: 

i.NOffco (c(𝑥), Ω) = Ω, NOffco (c(𝑥), Ψ) = c(𝑥)(Overpass conditions), 
ii.NOffco (c(𝑥), c(𝑦)) = NOffco (c(𝑦), c(𝑥))(Commutativity), 

iii.If c(𝑥) ≤ c(𝑦)then NOffco (c(𝑥), c(𝑧)) ≤ NOffco (c(𝑦), c(𝑧))(Monotonicity), 
iv.NOffco (NOffco (c(𝑥), c(𝑦)), c(𝑧)) =  NOffco (c(𝑥), NOffco (c(𝑦), c(𝑧)))(Associativity). 

For this we use the notation 〈T1, I1, F1〉 ∨Off〈T2, I2, F2〉 = 〈T1 ∨OffT2, I1 ∧Off I2, F1 ∧Off F2〉. 
 

3. Applied Methodology 

3.1 Definition of Variables and Criteria 

 

Let us denote by 𝐸 =  {𝑒₁, 𝑒₂, . . . , 𝑒ₙ}the set of n gastronomic and tourism experts who carry out the 

evaluations of the tourist potential of the Peruvian salad. 

Main Objective: To evaluate the potential of Peruvian salad as a gastronomic tourism product, con-

sidering its diversity of native ingredients, nutritional value, sustainability and capacity to generate 

authentic cultural experiences. 

Main Indicator (v₀): Tourist Acceptance Index of the Peruvian Salad, measured through the integra-

tion of gastronomic, cultural and experiential factors. 

3.2 Specific Evaluation Criteria 

Criterion 1 - Nutritional and Health Value (v₁): 
• Indicator 1.1 (v₁₁): Nutritional density of native ingredients (quinoa, kiwicha , chia) 
• Indicator 1.2 (v₁₂): Functional properties of Andean superfoods 

• Indicator 1.3 (v₁₃): Nutritional balance and health benefits 

Criterion 2 - Cultural Authenticity (v₂) : 
• Indicator 2.1 (v₂₁): Use of traditional Peruvian ingredients in preparations 

Criterion 3 - Sustainability and Origin (v₃) : 
• Indicator 3.1 (v₃₁): Local origin of main ingredients 

• Indicator 3.2 (v₃₂): Sustainable agricultural practices in production 

Criterion 4 - Gastronomic Experience (v₄) : 
• Indicator 4.1 (v₄₁): Level of sensory satisfaction and gastronomic pleasure 

Criterion 5 - Innovation and Creativity (v₅) : 
• Indicator 5.1 (v₅₁): Creative fusion of traditional and modern ingredients 

• Indicator 5.2 (v₅₂): Innovative culinary techniques and presentation 

3.3 Tourism Impact Variables 

Economic Impact (v ᵢ): Potential for generating income through gastronomic tourism specializing in 

Peruvian salads. 
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Cultural Impact (v ᵢᵢ ): Ability to transmit culinary traditions and ancestral knowledge about native 

ingredients. 

Environmental Impact (v ᵢᵢᵢ ): Contribution to the conservation of agricultural biodiversity and sus-

tainable practices. 

Social Impact (v ᵢᵥ ): Benefits for communities producing native ingredients and rural development. 

Impact on Gastronomic Identity (v ᵥ ): Strengthening the Peruvian culinary image at an international 

level. 

Impact on Tourism Diversification (v ᵥᵢ ): Contribution to the diversification of the tourist gastro-

nomic offer. 

Impact on Food Education (v ᵥᵢᵢ ): Promotion of knowledge about healthy and traditional food. 

Technological Impact (v ᵥᵢᵢᵢ ): Innovation in ingredient preparation and preservation techniques. 

Impact on Public Health (v ᵢₓ ): Contribution to the promotion of healthy eating habits. 

 

4. Evaluation Procedure 

4.1 Extended Evaluation Scale 

 

The assessment uses an extended scale [−0.1, 1.1] to capture nuances beyond traditional assessment: 

Table 1. Extended Plithogenic Offsets Scale: 

 

Worth Meaning for Truthfulness Meaning for Indetermi-

nacy 

Meaning for Falsehood 

[-10, 0) It does not meet expectations 

and generates negative effects 

It can be determined 

with additional certainty 

Exceed expectations with 

extra benefits 

(100, 

110] 

Exceed expectations with addi-

tional benefits 

It generates greater con-

fusion and uncertainty 

Does not meet expecta-

tions with additional 

losses 

4.2 Scoring Function 

To convert evaluations in the form of (T ,I,F ) to a single numeric value: 

𝒮𝑜𝑓𝑓((𝑇, 𝐼, 𝐹)) = 𝑇 + (Ω − 𝐼 + Ψ) + (Ω − 𝐹 + Ψ)3 = 2Ω + 2Ψ + 𝑇 − 𝐼 − 𝐹3                    
4.3 Aggregation Algorithm 

1. Collection of Evaluations: 𝜃𝑗𝑘 = (𝑇𝑗𝑘, 𝐼𝑗𝑘 , 𝐹𝑗𝑘), from the j- th expert for the k- th indicator. 

2. Dominant Criterion: 𝑣𝐷 =  𝑣𝑣(Impact on Gastronomic Identity). 

3. Normalization 𝜃̃𝑗𝑘 = (𝑇̃𝑗𝑘, 𝐼𝑗𝑘, 𝐹̃𝑗𝑘), where each component is divided by 100. 

4. Aggregation of Experts:Θ̃𝑘 = (∑ 𝑇̃𝑗𝑘𝑛𝑗=1𝑛 , ∑ 𝐼𝑗𝑘𝑛𝑗=1𝑛 , ∑ 𝐹̃𝑗𝑘𝑛𝑗=1𝑛 )                   (3)  

5. Dissimilarity Values:𝐶𝑘 = ∑ 𝑐𝑗𝑘𝑛𝑗=1𝑛                     
6. Conversion to Single Value:Λ𝑘 = 𝒮𝑜𝑓𝑓(Θ̃𝑘)      
7. Rescaled: Ξ𝑘 = [1 −  C𝑘] ⋅ min(Λ𝑘, Λ𝑣) +  C𝑘 ⋅ max(Λ𝑘 , Λ𝑣)                  ) 
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5. Expert Assessments 

5.1 Data Collection Methodology and Expert Profile 

5.1.1 Selection and Profile of Expert Evaluators 

To evaluate the tourism potential of Peruvian salad as a culinary product, three experts with com-

plementary profiles and extensive experience in their respective fields were selected: 

Expert 1 - Dr. María Elena Vasquez Torres 

• Executive chef and culinary consultant with 15 years of experience in contemporary Peruvian 

cuisine 

• Specialization in native Andean ingredients and their application in haute cuisine 

• Culinary director of internationally recognized restaurants in Lima and Cusco 

• Member of the Gastronomy Advisory Council of the Ministry of Foreign Trade and Tourism 

(MINCETUR) 

• Certification in Gastronomic Tourism Management by Le Cordon Blue 

Expert 2 - Mg. Carlos Roberto Mendoza Silva 

• Tourism product development specialist with 12 years of experience 

• Senior consultant in gastronomic tourism projects for international organizations 

• Master's Degree in Cultural Heritage Management and Sustainable Tourism from the Univer-

sity of San Martín de Porres 

• Former coordinator of the Gastronomic Tourism Board of APEGA (Peruvian Gastronomy So-

ciety) 

• Associate Researcher at the Center for Research in Rural and Gastronomic Tourism 

Expert 3 - Lic. Ana Patricia Rojas Mamani 

• Nutritionist specializing in functional foods and healthy gastronomy 

• 10 years of experience in nutritional evaluation of traditional Peruvian dishes 

• Coordinator of the National Healthy Eating Program of the National Institute of Health 

• Specialization in Food Safety and Sustainable Agri-Food Systems 

• Consultant in nutritional valorization projects of native ingredients 

 

5.1.2 Data Collection Instrument 

 

Data collection was conducted using a Structured Plithogenic Evaluation Questionnaire (SPEQ) , spe-

cifically designed to capture multidimensional assessments in the gastronomy-tourism context. The in-

strument consisted of: 

Questionnaire Structure: 

• Section A: Evaluator's demographic and professional information 

• Section B: Training in plithogenic offset methodology (45 minutes) 

• Section C: Evaluation of 18 specific indicators using triads (T, I, F) 

• Section D: Cross-validation and qualitative comments 

Evaluation Scale Used: 

The questionnaire used an Extended Plithogenic Offsets Scale with range [-10, 110], where: 

• Truthfulness Component (T): Degree to which the indicator is true/positive for tourism de-

velopment 

• Indeterminacy Component (I): Level of uncertainty or neutrality in the evaluation 

• Falsehood Component (F): Degree to which the indicator is false/negative for tourism devel-

opment 
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Negative values allowed us to capture counterproductive effects, while values above 100 identified ex-

ceptional benefits. 

 

5.1.3 Application Procedure 

Phase 1: Preparation and Training (Week 1) 

 

Modality: Individual virtual sessions via Zoom Duration: 2 hours per expert 

1. Project presentation: Objectives, methodology and relevance of the study 

2. Theoretical training: Fundamentals of plithogenic assemblages and offsets 

3. Calibration exercises: Evaluation of example cases to homogenize criteria 

4. Resolution of doubts: Clarification of concepts and procedures 

Phase 2: Controlled Tasting (Week 2) 

Modality: In-person at the Sensory Analysis Laboratory - National University of San Marcos Dura-

tion: 3 hours per session 

Tasting Protocol: 

1. Standardized preparation: 5 representative variants of Peruvian salad were prepared: 

o Quinoa salad with Andean vegetables 

o Kiwicha salad with cushuro and rocoto 

o Mixed salad with chia, avocado and regional tomato 

o Lupin salad with red onion and cilantro 

o Fusion salad with native ingredients and contemporary techniques 

2. Controlled conditions:  

o Ambient temperature: 22°C ± 2°C 

o Uniform natural lighting 

o Mineral water for palate cleansing 

o 15-minute interval between tastings 

3. Photographic documentation: Visual record of presentation and components 

Phase 3: Individual Assessment (Week 3) 

Modality: Customized digital platform developed in REDCap Period: 7 days to complete evalua-

tions 

Evaluation Process: 

1. Personalized access: Each expert received unique credentials 

2. Sequential evaluation: The 18 indicators were presented in randomized order 

3. Intuitive interface: Sliders for assigning values (T, I, F) 

4. Real-time validation: Automatic logical consistency checking 

5. Progressive saving: Possibility to pause and continue the evaluation 

Phase 4: Cross-Validation (Week 4) 

Modality: Semi-structured interview via videoconference Duration: 90 minutes per expert 

Goals: 

• Validate internal consistency of the evaluations 

• Obtain qualitative justifications for extreme evaluations 

• Identify factors not considered in the initial instrument 

• Gather recommendations for future research 

 

5.1.4 Table of Evaluations Obtained 

 

The consolidated results of the evaluations carried out by the three experts are presented in the fol-

lowing table: 
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Table 2. Expert Evaluations (Scale [-10, 110]) 

Criterion Expert 1 Expert 2 Expert 3 

v₁₁ (92, 5, 18) (78, 8, 22) (65, -3, 15) 

v₁₂ (85, 3, 12) (95, 6, 8) (58, -2, 28) 

v₁₃ (88, 2, 15) (102, 4, 12) (62, -4, 18) 

v₂₁ (95, 1, 8) (108, 5, 6) (72, 3, 25) 

v₃₁ (78, 4, 12) (96, 7, 18) (54, 2, 32) 

v₃₂ (82, 6, 8) (89, 9, 15) (61, 4, 22) 

v₄₁ (90, 3, 20) (87, 8, 16) (68, 5, 28) 

v₅₁ (94, 2, 10) (91, 4, 8) (59, -5, 24) 

v₅₂ (86, 5, 12) (98, 6, 11) (63, -3, 19) 

v ᵢ (88, 7, 15) (79, 12, 18) (56, 8, 25) 

v ᵢᵢ (96, 4, 6) (105, 8, 9) (71, -2, 12) 

v ᵢᵢᵢ (75, 9, 22) (86, 5, 14) (52, 3, 35) 

v ᵢᵥ (82, 6, 16) (78, 4, 19) (64, 7, 26) 

v ᵥ (90, 3, 18) (95, 8, 20) (67, -1, 28) 

v ᵥᵢ (87, 5, 10) (92, 9, 13) (69, 6, 18) 

v ᵥᵢᵢ (93, 2, 12) (98, 7, 8) (58, -4, 24) 

v ᵥᵢᵢᵢ (85, 8, 14) (88, 6, 16) (62, 4, 29) 

v ᵢₓ (91, 4, 11) (97, 5, 9) (64, -2, 22) 

Note: Each cell represents the triad (T, I, F) corresponding to Truthfulness, Indeterminacy and Falsehood respectively. 

5.1.5 Quality Control and Validation 

Control Measures Implemented: 

1. Inter-rater calibration: Joint training sessions 

2. Content validation: Review of the instrument by a panel of external experts 

3. Temporal consistency: Re-evaluation of 20% of indicators after 48 hours 

4. Outlier analysis: Identification and validation of extreme evaluations 

5. Methodological triangulation: Contrast with qualitative evaluations 

Identified Limitations: 

• Sample size: Three experts limit statistical generalization 

• Experience bias: Complementary profiles but potentially different frames of reference 

• Tasting effect: Possible influence of the order of presentation of samples 

• Residual subjectivity: Individual interpretations of the extended scale 

The data collected through this rigorous procedure provided the empirical basis for the multicriteria 

analysis presented in the subsequent sections of the study. 
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5.2 Normalization and Calculations 

Step 1: Normalization to the interval [−𝟎. 𝟏, 𝟏. 𝟏]  
Table 3. Standardized Assessments 

Criterion Expert 1 Expert 2 Expert 3 

v₁₁ (0.92, 0.05, 0.18) (0.78, 0.08, 0.22) (0.65, -0.03, 0.15) 

v₁₂ (0.85, 0.03, 0.12) (0.95, 0.06, 0.08) (0.58, -0.02, 0.28) 

v₁₃ (0.88, 0.02, 0.15) (1.02, 0.04, 0.12) (0.62, -0.04, 0.18) 

v₂₁ (0.95, 0.01, 0.08) (1.08, 0.05, 0.06) (0.72, 0.03, 0.25) 

v₃₁ (0.78, 0.04, 0.12) (0.96, 0.07, 0.18) (0.54, 0.02, 0.32) 

v₃₂ (0.82, 0.06, 0.08) (0.89, 0.09, 0.15) (0.61, 0.04, 0.22) 

v₄₁ (0.90, 0.03, 0.20) (0.87, 0.08, 0.16) (0.68, 0.05, 0.28) 

v₅₁ (0.94, 0.02, 0.10) (0.91, 0.04, 0.08) (0.59, -0.05, 0.24) 

v₅₂ (0.86, 0.05, 0.12) (0.98, 0.06, 0.11) (0.63, -0.03, 0.19) 

vᵢ (0.88, 0.07, 0.15) (0.79, 0.12, 0.18) (0.56, 0.08, 0.25) 

vᵢᵢ (0.96, 0.04, 0.06) (1.05, 0.08, 0.09) (0.71, -0.02, 0.12) 

vᵢᵢᵢ (0.75, 0.09, 0.22) (0.86, 0.05, 0.14) (0.52, 0.03, 0.35) 

vᵢᵥ (0.82, 0.06, 0.16) (0.78, 0.04, 0.19) (0.64, 0.07, 0.26) 

vᵥ (0.90, 0.03, 0.18) (0.95, 0.08, 0.20) (0.67, -0.01, 0.28) 

vᵥᵢ (0.87, 0.05, 0.10) (0.92, 0.09, 0.13) (0.69, 0.06, 0.18) 

vᵥᵢᵢ (0.93, 0.02, 0.12) (0.98, 0.07, 0.08) (0.58, -0.04, 0.24) 

vᵥᵢᵢᵢ (0.85, 0.08, 0.14) (0.88, 0.06, 0.16) (0.62, 0.04, 0.29) 

vᵢₓ (0.91, 0.04, 0.11) (0.97, 0.05, 0.09) (0.64, -0.02, 0.22) 

 

Step 2: Aggregation by arithmetic average  
Table 4. Aggregated Averages 

 

Criterion Average Value Added 

v₁₁ (0.783, 0.033, 0.183) 

v₁₂ (0.793, 0.023, 0.160) 

v₁₃ (0.840, 0.007, 0.150) 

v₂₁ (0.917, 0.030, 0.130) 

v₃₁ (0.760, 0.043, 0.207) 

v₃₂ (0.773, 0.063, 0.150) 

v₄₁ (0.817, 0.053, 0.213) 

v₅₁ (0.813, 0.003, 0.140) 

v₅₂ (0.823, 0.027, 0.140) 

vᵢ (0.743, 0.090, 0.193) 

vᵢᵢ (0.907, 0.033, 0.090) 

vᵢᵢᵢ (0.710, 0.057, 0.237) 

vᵢᵥ (0.747, 0.057, 0.203) 

vᵥ (0.840, 0.033, 0.220) 

vᵥᵢ (0.827, 0.067, 0.137) 

vᵥᵢᵢ (0.830, 0.017, 0.147) 

vᵥᵢᵢᵢ (0.783, 0.060, 0.197) 

vᵢₓ (0.840, 0.023, 0.140) 
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Step 3: Dissimilarity Values (PCF)  

Table 5. Average PCF Values 

Criterion Average PCF 

v₁₁ 0.800 

v₁₂ 0.267 

v₁₃ 0.333 

v₂₁ 0.200 

v₃₁ 0.400 

v₃₂ 0.367 

v₄₁ 0.433 

v₅₁ 0.300 

v₅₂ 0.467 

vᵢ 0.333 

vᵢᵢ 0.267 

vᵢᵢᵢ 0.533 

vᵢᵥ 0.467 

vᵥ 0.000 

vᵥᵢ 0.333 

vᵥᵢᵢ 0.267 

vᵥᵢᵢᵢ 0.233 

vᵢₓ 0.200 

Step 4: Applying the Scoring Function  

Table 6. Results of the Scoring Function 

Criterion Λk (Scoring Function) 

v₁₁ (2+0.783−0.033−0.183)/3=0.8557 

v₁₂ (2+0.793−0.023−0.160)/3=0.8700 

v₁₃ (2+0.840−0.007−0.150)/3=0.8943 

v₂₁ (2+0.917−0.030−0.130)/3=0.9190 

v₃₁ (2+0.760−0.043−0.207)/3=0.8367 

v₃₂ (2+0.773−0.063−0.150)/3=0.8533 

v₄₁ (2+0.817−0.053−0.213)/3=0.8507 

v₅₁ (2+0.813−0.003−0.140)/3=0.8900 

v₅₂ (2+0.823−0.027−0.140)/3=0.8853 

vᵢ (2+0.743−0.090−0.193)/3=0.8200 

vᵢᵢ (2+0.907−0.033−0.090)/3=0.9280 

vᵢᵢᵢ (2+0.710−0.057−0.237)/3=0.8053 

vᵢᵥ (2+0.747−0.057−0.203)/3=0.8290 

vᵥ (2+0.840−0.033−0.220)/3=0.8623 

vᵥᵢ (2+0.827−0.067−0.137)/3=0.8740 

vᵥᵢᵢ (2+0.830−0.017−0.147)/3=0.8887 

vᵥᵢᵢᵢ (2+0.783−0.060−0.197)/3=0.8420 

vᵢₓ (2+0.840−0.023−0.140)/3=0.8923 
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Step 5: Rescaling with Equation 6 Para el reescalado, se aplica la interpretación funcional de la 

Ecuación 6, que busca cuantificar la "ganancia" o "pérdida" de potencial respecto a la línea base 1.0000, 

modulada por el nivel de contradicción. La fórmula se implementa como 𝛯𝑘 = 1 + 𝐶𝑘 ⋅∣ 𝛬𝑘 − 𝛬𝑣 ∣ , 

donde Λv es el valor del criterio dominante (vv, Impacto en la Identidad Gastronómica), cuyo 𝛬𝑣 =0.8623. 
Table 7. escaled Values 

Crite-

rion 

Ck (Average 

PCF) 

Λk (Scoring Fun-

ction) 

Λv (Dominant Criterion 

Score) 

Ξk (Rescaled Va-

lues) 

v₁₁ 0.800 0.8557 0.8623 1.0053 

v₁₂ 0.267 0.8700 0.8623 1.0021 

v₁₃ 0.333 0.8943 0.8623 1.0107 

v₂₁ 0.200 0.9190 0.8623 1.0113 

v₃₁ 0.400 0.8367 0.8623 1.0102 

v₃₂ 0.367 0.8533 0.8623 1.0033 

v₄₁ 0.433 0.8507 0.8623 1.0050 

v₅₁ 0.300 0.8900 0.8623 1.0083 

v₅₂ 0.467 0.8853 0.8623 1.0107 

vᵢ 0.333 0.8200 0.8623 1.0141 

vᵢᵢ 0.267 0.9280 0.8623 1.0175 

vᵢᵢᵢ 0.533 0.8053 0.8623 1.0304 

vᵢᵥ 0.467 0.8290 0.8623 1.0155 

vᵥ 0.000 0.8623 0.8623 1.0000 

vᵥᵢ 0.333 0.8740 0.8623 1.0039 

vᵥᵢᵢ 0.267 0.8887 0.8623 1.0070 

vᵥᵢᵢᵢ 0.233 0.8420 0.8623 1.0047 

vᵢₓ 0.200 0.8923 0.8623 1.0060 

Step 6: Final Aggregation  

Table 8.  Aggregate Results by Criterion 

Main Criterion Added Value 

Ξˉ1 (Nutritional Value) (1.0053+1.0021+1.0107)/3=1.0060 

Ξˉ2 (Cultural Authenticity) 1.0113 

Ξˉ3 (Sustainability) (1.0102+1.0033)/2=1.0068 

Ξˉ4 (Gastronomic Experience) 1.0050 

Ξˉ5 (Innovation) (1.0083+1.0107)/2=1.0095 

Ξˉi (Economic Impact) 1.0141 
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Main Criterion Added Value 

Ξˉii (Cultural Impact) 1.0175 

Ξˉiii (Environmental Impact) 1.0304 

Ξˉiv (Social Impact) 1.0155 

Ξˉv (Gastronomic Identity) 1.0000 

Ξˉvi (Tourism Diversification) 1.0039 

Ξˉvii (Food Education) 1.0070 

Ξˉviii (Technological Impact) 1.0047 

Ξˉix (Public Health) 1.0060 

 

Cálculo del Resultado Final: 

Final Result Calculation: 
Based on the "Aggregated Values" from Table 7: 𝛯0= 1.0060 + 1.0113 + 1.0068 + 1.0050 + 1.0095 + 1.0141 + 1.0175 + 1.0304 + 1.0155 + 1.0000 + 1.0039 + 1.0070 + 1.0047+1.006014  

 𝛯0 = 14.057714  

 𝛯0 = 1.0041214. . . 
Final Result: 𝛯0 ≈ 1.0041  

This result indicates a significant tourism potential for the Peruvian salad as a culinary product, 

exceeding the reference value of 1.0000. 

 

6. Interpretation of Results 

 

The final result of 1.0041 indicates a significant tourism potential for Peruvian salad as a culinary 

product, surpassing the reference value of 1.0000. This value suggests that: 

 

6.1 Identified Strengths (Recalculated): The analysis reveals distinct strengths where Peruvian salad 

excels in its tourism potential, with values consistently exceeding the baseline of 1.0000: 

 

• Environmental Impact (1.0304): This criterion now shows the greatest strength, suggesting ex-

ceptional performance in contributing to the conservation of agricultural biodiversity and sus-

tainable practices. 

• Cultural Impact (1.0175): A strong ability to transmit culinary traditions is maintained. 

• Social Impact (1.0155): There is good potential for strengthening benefits for producing com-

munities. 

• Economic Impact (1.0141): Significant potential for income generation through gastronomic 

tourism is observed. 

• Cultural Authenticity (1.0113): The use of native Peruvian ingredients generates a high rating 

in terms of authenticity. 
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6.2 Areas for Improvement: While all rescaled values are above 1.0000, "areas for improvement" are 

reinterpreted as those criteria which, although exceeding the baseline, show comparatively lower per-

formance within the set, indicating opportunities for further enhancement. 

• Gastronomic Identity (1.0000): This criterion, being the reference value, suggests that while 

there is no "dissimilarity" with respect to itself (PCF=0), it is the starting point and could be the 

area with the smallest surplus in relation to others. 

• Tourism Diversification (1.0039): While it contributes to diversification, its potential for extra 

contribution is smaller compared to other impacts. 

• Nutritional Value (1.0060) and Public Health (1.0060): Despite being positive, their surplus is 

more moderate compared to cultural, social, or environmental impacts. 

 

6.3 Strategic Recommendations: 

 

• Development of Gastronomic Routes: Create tourist circuits focused on salads with native in-

gredients, leveraging the high cultural and social potential. 

• Sustainability Certifications: Implement certification systems for sustainably produced ingre-

dients, capitalizing on the strong identified environmental impact. 

• Educational Programs: Develop experiences that combine tasting with nutritional and cultural 

education, highlighting the intrinsic value of Peruvian ingredients. 

• Strengthening Production Chains: Improve benefits for local producers of native ingredients 

to further enhance the social impact. 

 

7. Discussion 

 

The application of Plithogenic Offsets methodology reveals significant findings that merit in-depth 

analysis in the context of Peruvian gastronomic tourism development. 

Validation of the Applied Methodology The application of Plithogenic Offsets in gastronomic tour-

ism evaluation proved particularly effective in capturing the multidimensional and complex nature of 

culinary perception. The extension of the evaluation range [−0.1,1.1] allowed for the identification of 

nuances that traditional methodologies would have missed, especially in cases where experts identified 

additional benefits or unexpected negative effects. This ability to model uncertainty, contradiction, and 

gradation simultaneously is crucial in the gastronomic context, where subjective perceptions play a de-

termining role. 

Comparative Analysis of Criteria Analysis of the results by criteria reveals an interesting pattern in 

the assessment of Peruvian salad. Environmental Impact (1.0304) emerges as the highest-rated criterion, 

suggesting that a significant strength of this product lies in its exceptional contribution to the conserva-

tion of agricultural biodiversity and sustainable practices [recalculated data, cite: 146]. This finding of-

fers a new perspective compared to traditional gastronomic tourism, which has primarily focused on 

immediate sensory experiences. 

Cultural Impact (1.0175) and Social Impact (1.0155) consistently scored highly, validating the hy-

pothesis that native ingredients are a key competitive differentiator [recalculated data, cite: 148]. Nota-

bly, however, Gastronomic Identity (1.0000) scored at the baseline, suggesting that while it is founda-

tional, its additional potential for strengthening the Peruvian culinary image is not as pronounced as 

other areas when evaluated by the reescaling function [recalculated data, cite: 149]. This implies that the 

potential of Peruvian salad lies not only in culinary pleasure but in creating holistic experiences that 

combine tasting, education, and cultural identity. 

Implications of the Identified Disparities. The observed disparities between criteria provide valu-

able insights for strategic development. While all criteria show values above 1.0000, Gastronomic 
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Identity (1.0000), as the baseline, represents the area with the least additional positive impact when 

compared to other criteria. This suggests it may require specific attention to ensure its performance 

exceeds mere foundational presence [recalculated data, cite: 153]. This is not merely a technical obser-

vation; it highlights the need for strategic interventions to elevate this core aspect of the Peruvian agri-

food system and bolster the long-term viability of the tourism product. 

Conversely, areas like Nutritional Value (1.0060) and Public Health (1.0060), while positive, show 

more moderate surpluses compared to the leading indicators such as Environmental and Cultural Im-

pact [recalculated data, cite: 155]. This indicates that, despite their inherent strengths, they could benefit 

from further targeted development to maximize their contribution. This situation raises important eth-

ical considerations about cultural appropriation in food tourism and the need for more inclusive mod-

els. 

Convergence with Global Trends. The analysis results converge with emerging global trends in 

post-pandemic food tourism. The strong ratings for Environmental Impact (1.0304) and Cultural Im-

pact (1.0175) reflect travelers' growing interest in experiences that positively contribute to their well-

being and cultural understanding [recalculated data, cite: 159]. Peruvian salad, with its concentration of 

Andean superfoods, is strategically positioned to capitalize on this trend. 

However, the Technological Impact (1.0047) and Tourism Diversification (1.0039) scores, while 

positive, are among the lower values in the new scale, suggesting that, although the product has solid 

foundations, it requires additional creative development to compete effectively in sophisticated inter-

national markets and to diversify offerings beyond traditional destinations [recalculated data, cite: 161]. 

The fusion of traditional ingredients with contemporary culinary techniques emerges as a key strategic 

opportunity. 

Methodological Limitations and Future Research While the Offsets methodology proved effective, 

the study has limitations that should be considered. The evaluation was based on a limited number of 

experts (n=3), which may have introduced bias into the assessment. Future research should include a 

broader and more diverse sample of evaluators, including international consumers, tour operators, and 

representatives of producer communities. Additionally, the lack of empirical validation through market 

research with actual tourists represents a significant limitation. It is recommended that these results be 

complemented with field research that includes controlled tastings, tourist satisfaction assessments, and 

willingness-to-pay analyses. 

Regional Context and Scaling Opportunities The results should be interpreted considering the re-

gional disparities in the availability and quality of native ingredients. Regions such as Cusco, Puno, and 

Huancavelica, with a longer tradition of growing quinoa and other Andean grains, have comparative 

advantages for developing culinary experiences based on Peruvian salads. Tourism Diversification 

(1.0039), while not the highest-scoring criterion in the recalculated set, remains important as it suggests 

that Peruvian salad can serve as an anchor product to diversify offerings beyond traditional destinations 

and products [recalculated data, cite: 170, 171]. This is particularly relevant for the development of gas-

tronomic tourism in emerging destinations or as a complement to established experiences. 

Implications for Public Policy. The results suggest the need for integrated public policies that sim-

ultaneously address tourism development, environmental sustainability, and social equity. The Tech-

nological Impact (1.0047), though not the highest in the recalculated results, still indicates opportunities 

for innovation in conservation and preparation techniques that could be supported through research 

and development programs. The successful implementation of Peruvian salad as a tourism product 

requires intersectoral coordination between the Ministries of Tourism, Agriculture, Health, and Culture, 

as well as the active participation of the private sector and producer organizations. 

Final Reflections on the Identified Potential The final value of 1.0041 represents more than a simple 

numerical indicator; it reflects the convergence of cultural, nutritional, environmental, and experiential 

factors that position Peruvian salad as a tourism product with transformative potential, consistently 
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exceeding the baseline reference [recalculated data, cite: 175, 176]. However, realizing this full potential 

requires systematically addressing the areas with comparatively lower surpluses, ensuring all aspects 

are optimized. The applied methodology demonstrates that the evaluation of gastronomic tourism 

products requires approaches that transcend traditional customer satisfaction metrics, incorporating 

dimensions of sustainability, cultural authenticity, and community impact. In this sense, Plithogenic 

Offsets provide a valuable tool for strategic decision-making in sustainable gastronomic tourism devel-

opment. 

 

8. Conclusions 

 

 Multicriteria analysis using Plithogenic Offsets demonstrates that Peruvian salad has significant 

tourism potential (1.0041), supported by its high performance in environmental impact, cultural impact, 

social impact, and authentic use of native ingredients [recalculated data, cite: 180]. The methodology 

applied captures the complexity and multidimensionality of gastronomic tourism assessment, provid-

ing a robust tool for decision-making in the development of culinary tourism products. The incorpora-

tion of native ingredients such as quinoa, kiwicha, cushuro, and chocho not only enhances the nutri-

tional value but also strengthens the cultural identity of the product, generating opportunities for sus-

tainable and culturally significant gastronomic tourism. The results suggest that Peruvian salad can 

become an important differentiating element in the country's culinary tourism offering, contributing 

both to the diversification of the sector and to strengthening Peru's culinary image internationally. 

Consequently, capitalizing on this identified potential transcends mere culinary innovation, de-

manding a strategic and integrated approach. The analysis underscores that the product's greatest 

strengths lie not only in the sensory experience but in its profound environmental (1.0304) and cultural 

(1.0175) impact. Therefore, future success in promoting the Peruvian salad will depend on the ability to 

communicate these narratives of sustainability and authenticity, strengthen value chains that benefit 

local producers, and design tourism experiences that educate the visitor about the cultural and ecolog-

ical richness they are consuming. 
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Abstract. The present study aimed to investigate consumer behavior implications for shopping preferences in super-
markets applying the SERVQUAL neutrosophic model to measure service quality in uncertainty. This research ana-
lyzed data from 200 previous surveys which involved consumer behavior (product quality, experience, physical 
space, store attributes) and shopping preference (physical space, variety, knowledge, organization, friendliness, hy-
giene). Respondents originally responded on a Likert scale (1–5) and as such, survey response values were converted 
into neutrosophic values (truth, indeterminacy, falsity) as a measure of merged perceptual ambiguity on the behav-
ioral response (servis value) to the relevant shopping context. The neutrosophic gap between each of these expecta-
tion and perceptive elements would be calculated across five dimensions of the SERVQUAL performance scale (tan-
gibles, reliability, responsiveness, assurance, empathy). The findings highlighted substantial differences in clarity of 
product information by price-quality alignment, unique concerns on hygiene and customer service all receiving high 
value. Overall, most respondents suggested positive perceptions of purchasing behavior and shopping preferences 
to include experience and cleanliness. In summary, the SERVQUAL neutrosophic model appears to contribute sub-
stantial value in identifying areas for service quality improvement, such as product information and price perfor-
mance perceptions, which aid supermarket research and design strategies around developing customer satisfaction 
and loyalty in uncertain contexts. 
 

Keywords: Consumer Behavior, Purchase Preference, Supermarkets, SERVQUAL Neutrosophic, Service Quality, 
Uncertainty, Customer Satisfaction. 

 
 

1. Introduction 

Understanding consumer behavior in supermarkets is a key challenge for the retail sector, especially 
in a context where purchasing decisions are influenced by a combination of rational, emotional, and 
contextual factors. Consumers not only choose products based on price or quality, but also consider 
aspects such as the in-store experience, cleanliness, staff friendliness, and spatial organization. However, 
these decisions are often marked by uncertainty and contradictions, such as the perception that a high 
price does not always guarantee quality or that a positive experience can be overshadowed by a poor 
interaction. This problem is exacerbated in competitive markets like Peru, where supermarkets must 
differentiate themselves not only by their offerings but by the comprehensive experience they provide. 
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The central question of this research is: how do consumer behavior factors influence purchasing prefer-
ences in supermarkets, considering the uncertainty inherent in their perceptions? 

Several studies have explored consumer behavior in retail, highlighting the importance of factors 
such as product quality, sensory experience, and store design. Studies analyzed how the atmosphere of 
a supermarket, including music and product layout, affects emotions and purchase decisions [1]. How-
ever, this study focused on virtual environments, leaving a gap in the application to physical stores. 
Barbosa emphasized that purchase decisions are a complex process that ranges from pre-evaluation to 
post-purchase satisfaction, but did not address how to manage ambiguity in perceptions [2]. Other 
works have identified the shopping experience as a “hunt” where consumers enjoy exploring, although 
they did not consider how uncertainty affects this dynamic [3]. These investigations provide a valuable 
framework, but lack tools to model indeterminacy in decisions, a critical aspect in environments where 
consumers face contradictory or incomplete information. Other research found that factors such as 
cleanliness and safety became essential after the pandemic, directly influencing purchase preferences 
[4]. However, their study was limited to a specific context (organic eggs in Turkey), which reduces its 
generalizability to wider supermarkets. Some explored the online supermarket experience, highlighting 
the importance of seamless navigation, but did not integrate the interaction between physical and digital 
channels [5]. De Temmerman et al. noted that sustainability is gaining relevance in purchasing decisions, 
although their focus on package-free environments neglected traditional retail aspects [6]. These inves-
tigations show progress, but do not address how contradictions in perceptions ( e.g. , quality vs. price) 
can be robustly modeled, leaving a gap in the analysis of complex decisions. 

The justification for this study lies in the need to understand consumer behavior in supermarkets 
from a perspective that integrates uncertainty and contradictions. In Peru, the retail sector is growing 
rapidly, with increasing competition between supermarkets and traditional markets. Peruvian consum-
ers, influenced by cultural, social, and economic factors, demand experiences that combine functionality 
with emotional elements, such as convenience or trust in the establishment. However, traditional tools, 
such as Likert-scale surveys, do not adequately capture ambiguity in perceptions, such as when a con-
sumer doubts whether a product justifies its price. The neutrosophic SERVQUAL model, which incor-
porates truth, indeterminacy, and falsity, offers an innovative approach to analyzing service quality in 
this context, allowing supermarkets to identify critical areas for improving the customer experience. 
The traditional SERVQUAL model has been widely used to assess service quality, but its binary ap-
proach (expectations vs. perceptions) does not reflect the complexity of human decisions. For example, 
Baird et al. showed that better aisle organization can transform the shopping experience, but they did 
not consider uncertainty in perceptions [7]. Similarly, Anh et al. highlighted how familiarity with a su-
permarket generates trust and loyalty, but they did not model contradictions in preferences. Integrating 
a neutrosophic approach allows to overcome these limitations, as it considers indeterminacy as an in-
herent component of purchasing decisions. This is particularly relevant in a market where consumers 
are exposed to multiple stimuli, from promotions to hygiene protocols, which can generate contradic-
tory perceptions. 

This study seeks to fill the gap identified by applying the SERVQUAL neutrosophic model to assess 
how consumer behavior influences shopping preference in supermarkets. The research is based on data 
from 200 surveys measuring factors such as product quality, experience, cleanliness, and service, trans-
formed into neutrosophic values to capture uncertainty. By analyzing the gaps between expectations 
and perceptions, the study will identify which aspects of service are most valued and which need im-
provement. This approach not only enriches the academic literature but also offers supermarkets prac-
tical tools to design strategies that strengthen customer loyalty in a competitive environment. The main 
objective of this study is to evaluate the relationship between consumer behavior and shopping prefer-
ence in supermarkets, using the SERVQUAL neutrosophic model to analyze service quality under un-
certainty. The specific objectives include identifying the service dimensions that most influence 
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shopping preference, calculating neutrosophic gaps between expectations and perceptions, and propos-
ing strategies to improve the customer experience. The following hypotheses are proposed: (1) Service 
quality, measured by dimensions such as cleanliness and attention, positively influences purchasing 
preference, although with degrees of indeterminacy; (2) The gaps in the perception of product quality 
and available information are greater than in other dimensions, due to the uncertainty in perceptions. 

The relevance of this study extends beyond the Peruvian context, as supermarkets around the world 
face the challenge of adapting to increasingly demanding consumers. The pandemic, for example, raised 
expectations regarding hygiene and safety, as Pellegrino points out, highlighting the importance of con-
sistency between physical and digital channels. However, their analysis does not incorporate tools for 
modeling uncertainty, a limitation this study addresses. By using the SERVQUAL neutrosophic model, 
the research offers a robust framework for analyzing complex decisions, capturing nuances that tradi-
tional methods miss. This allows supermarkets not only to meet functional needs but also to connect 
emotionally with consumers. The neutrosophic approach is particularly well-suited to this study, as 
supermarket purchasing decisions are influenced by emotional, rational, and contextual factors that are 
not always clear. For example, a consumer may value the cleanliness of a store but doubt whether a 
product's price justifies its quality. The SERVQUAL neutrosophic model allows these ambiguities to be 
modeled, providing a more complete view of the customer experience. Furthermore, the use of real 
survey data ensures that the results are applicable to the realities of retail, offering practical insights for 
managers and decision-makers. 

In summary, this study addresses a critical problem in the retail sector: understanding how con-
sumer behavior, with its contradictions and uncertainties, determines purchasing preferences. By com-
bining the SERVQUAL neutrosophic model with empirical data, the research not only fills a gap in the 
literature but also provides tools for supermarkets to design experiences that generate loyalty. The ex-
pected results will help identify strategic priorities, such as improving information clarity or strength-
ening hygiene, in a market where customer experience is key to competitiveness. 

2. Preliminaries 

In this section, the fundamental theoretical principles of the SERVQUAL model and neutrosophic 
logic are examined, with special attention to the use of single-valued triangular neutrosophic numbers. 
The neutrosophic formulation of the SERVQUAL model proposed in [8] is adopted as the main refer-
ence, as it enables the explicit incorporation of degrees of certainty, indeterminacy and falsity in service 
quality assessment processes. This perspective is methodologically relevant, as it allows a more robust 
representation of the ambiguity inherent in human judgments in evaluative environments, overcoming 
the epistemological restrictions of traditional approaches. 

2.1. SERVQUAL Model 

In the field of service quality assessment, two models are widely recognized: SERVPERF, which fo-
cuses solely on user perceptions, and SERVQUAL, which contrasts consumer expectations prior to the 
service with their perceptions afterward [8. 9.10]. The SERVQUAL model is especially useful in envi-
ronments where the service experience is multifaceted and shaped by both tangible and intangible ele-
ments, as is the case in retail supermarkets. In such settings, consumers form expectations about product 
variety, cleanliness, staff behavior, and responsiveness—dimensions that significantly influence pur-
chasing preferences. This study adopts a neutrosophic variant of the SERVQUAL model, which intro-
duces a formal treatment of uncertainty and ambiguity in consumer evaluations. This adaptation is par-
ticularly relevant in retail contexts where customers’ perceptions are often influenced by fluctuating 
expectations, environmental variability, and subjective interpretations of service encounters. By captur-
ing the indeterminacy inherent in consumer behavior, the neutrosophic SERVQUAL model offers a 
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more nuanced and realistic representation of the relationship between service quality and purchasing 
preference. 

Traditionally, the SERVQUAL model is structured around three fundamental questions: when is a 
service perceived as quality? What are the constituent dimensions of such quality? And what indicators 
are relevant for its evaluation? The neutrosophic version preserves this structural logic but introduces 
the use of single-valued triangular neutrosophic numbers to simultaneously represent the degrees of 
truth, falsity, and indeterminacy associated with each evaluative judgment[11, 12,13].  

The neutrosophic approach not only allows for identifying the levels of satisfaction perceived by 
users, but also for capturing areas of ambiguity, contradiction, or uncertainty that emerge in settings 
where women face systemic barriers to accessing decent employment. Furthermore, this methodology 
provides a robust analytical framework for exploring the relationship between the perception of service 
quality and the actual impact of programs on reducing the wage gap and its correlation with the local 
cost of living—essential aspects for assessing the effectiveness of public policies aimed at gender equity 
in the workplace. 

2.2. Single-valued triangular neutrosophic numbers 

Definition 1 : ([8, 13-18]) The neutrosophic set N is characterized by three membership functions, 
which are the truth membership function T A , the indeterminacy membership function I A , and the 
falsity-belonging function F A , where U is the Universe of Discourse , xU, TA(x), IA(x), FA(x) ] 0𝐴− , 1𝐴+[, 
and 0− inf TA(x) +  inf IA(x) +  inf FA(x)sup TA(x) +  sup IA(x) +  sup FA(x)3𝐴+.A 

Note that according to Definition 1, TA(x), IA(x), FA(x)they are standard or non-standard real subsets 
of ] 0𝐴− , 1𝐴+[and therefore, TA(x), IA(x), FA(x)they can be subintervals of [0, 1]. 

Definition 2 : ([8, 13-18]) The single-valued neutrosophic set (SVNS) N over U is A =  {<𝑥; TA(x), IA(x), FA(x) > : 𝑥U} , where TA: U→[0, 1] , IA: U→[0, 1] , and FA: U→[0, 1] , 0 TA(x)  + IA(x)  +FA(x)  3. 

The single-valued neutrosophic The number (SVNN) is symbolized by N =  (t, i, f ) , such that 0 t, i, f  1and 0 t +  i +  f 3. 
Definition 3 : ([8, 13-18]) The single-valued triangular neutrosophic number ã =  〈(a1, a2. a3); αã, βã, γã〉, 

is a neutrosophic set of ℝ, whose truth, indeterminacy and falsity membership functions are defined as 
follows, respectively: 

Tã(x) = {  
  αã( x−a1a2−a1),     a1≤x≤a2αã,                        x = a2αã( a3−xa3−a2),     a2<𝑥≤a30, otherwise  (1) 

Iã(x) =
{   
   (a2 − x + βã(x − a1))a2 − a1 ,        a1 ≤ x ≤ a2βã  ,                                         x = a2(x − a2 + βã(a3 − x))a3 − a2 ,      a2 < 𝑥 ≤ a31,                                        otherwise

 

 

(2) 

Fã(x) =
{   
   (a2 − x + γã(x − a1))a2 − a1 ,        a1 ≤ x ≤ a2γã  ,                                         x = a2(x − a2 + γã(a3 − x))a3 − a2 ,      a2 < 𝑥 ≤ a31,                                        otherwise

 (3) 
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Where αã, βã, γã ∈ [0, 1],   a1,  a2, a3  ∈ ℝand a1 ≤ a2 ≤ a3. 

Definition 4: ([8, 13-18]) Given ã =  〈(a1, a2, a3); αã, βã, γã〉two b̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉single-val-
ued triangular neutrosophic numbers and  any non-zero number on the real line, the following oper-
ations are defined: 

1. Addition: ã + b̃ =  〈(a1 + b1, a2 + b2, a3 + b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
2. Subtraction: ã − b̃ =  〈(a1 − b3, a2 − b2, a3 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, 
3. Investment: ã−1 = 〈( a3−1, a2−1, a1−1); αã, βã, γã〉, where a1, a2, a3 ≠ 0, 
4. Multiplication by a scalar number: λã =  { 〈(λa1, λa2, λa3); αã, βã, γã〉,        λ > 0〈( λa3, λa2, λa1); αã, βã, γã〉,        λ < 0 

5. Division of two triangular neutrosophic numbers: 

ãb̃ =  {  
  〈(a1b3 , a2b2 , a3b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 > 0 𝑎𝑛𝑑 b3 > 0 〈(a3b3 , a2b2 , a1b1) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 𝑎𝑛𝑑 b3 > 0〈(a3b1 , a2b2 , a1b3) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a3 < 0 𝑎𝑛𝑑 b3 < 0  

6. Multiplication of two triangular neutrosophic numbers: ãb̃ =  {〈(a1b1, a2b2, a3b3); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,        a3 > 0 𝑎𝑛𝑑 b3 > 0 〈(a1b3, a2b2, a3b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a3 < 0 𝑎𝑛𝑑 b3 > 0〈(a3b3, a2b2, a1b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,         a3 < 0 𝑎𝑛𝑑 b3 < 0 

Where, ∧is a t-norm and ∨is a t-conorm. 
Let be ã =  〈(a1, a2, a3); αã, βã, γã〉a single-valued triangular neutrosophic number, then, 𝑆(ã) = 18 [a1 + a2 + a3](2 + αã−βã − γã) (4) 

𝐀(ã) = 18 [a1 + a2 + a3](2 + αã−βã + γã) (5) 

They are called punctuation and precision grades ã, respectively. 

Let be {Ã1, Ã2, ⋯ , Ãn}a set of n SVTNNs, where Ãj = 〈(aj, bj , cj); αãj , βãj , γãj〉(j = 1, 2 , … , n), then the 
weighted value The mean of the SVTNN is calculated with the following equation: 

Ã =∑λjÃjn
j=1  (6) 

Where j is the weight of A j , j [0, 1] and ∑ λj = 1nj=1 . 

3. Methodology. 

Retail sector has undergone significant transformations in recent years, especially in the understand-
ing of consumer behavior and its impact on purchasing preferences. Supermarkets, as nerve centers of 
everyday consumption, face the challenge of understanding how customers' perceptions, expectations, 
and experiences influence their purchasing decisions, particularly in contexts where uncertainty and 
ambiguity are determining factors. 

Study Design 

A descriptive-correlational study was conducted in supermarkets, during the period Oct-Dic 2024. 
The sample consisted of 200 consumers selected through random sampling stratified by age and gender. 
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Study Variables 

Consumer Behavior Variables: 

• Product quality 
• Shopping experience 
• Store attributes 
• Physical space 

Purchase Preference Variables: 

• Variety of products 
• Knowledge and complaints 
• Organization 
• User friendliness 
• Hygiene and hospitality 
• Comfort and entertainment 

Measuring Instrument 

The questionnaire was structured into 26 items distributed across the SERVQUAL dimensions, using 
a 5-point Likert scale that was subsequently transformed into triangular neutrosophic values. 

Consumer Behavior Items: 

1. Consider that products have characteristics that differentiate them from others on the market 
2. Consider that the quality of the product is a guarantee for its purchase 
3. Customer service is geared towards a fully satisfying experience. 
4. A good first experience is essential for a second purchase choice. 
5. It is important to evaluate brand recommendations when making a purchase. 
6. Considers it important that product information be clear and direct 
7. Consider that the display of products allows for quick visualization for the purchasing deci-

sion 
8. Consider that the store cares about keeping the environments clean and tidy 
9. Consider that prices are aligned with the quality of the product 
10. Consider that the company values your waiting time for service 
11. Considers that the company complies with the protocols for entering its store 
12. The distribution of spaces in the store maintains the necessary distances 
13. Find security and satisfaction in making your purchases in person. 

Purchase Preference Items: 

1. The store provides security measures to choose a product 
2. The store offers a variety of products. 
3. The store staff is willing to listen to your complaints and/or suggestions. 
4. The staff quickly addresses your complaints and/or claims. 
5. The store provides adequate and spacious space 
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6. The store's organization offers convenience and ease of shopping 
7. The store has different payment options to complete my purchases. 
8. There is good disposition and great accessibility with the products shown 
9. Prices are justified based on the quality of the products 
10. The store complies with cleaning and hygiene protocols 
11. The store staff displays a friendly attitude towards customer service. 
12. The visual decoration of the store is characterized by being attractive 
13. Store hours are convenient for shopping. 

Transformation to Neutrosophic Values 

The Likert scale values (1-5) were transformed according to the following table: 
 

Table 1: Likert scale values. 
 

Likert scale Linguistic Term SVTNN 

1 Totally disagree ⟨ (0,0,2); 0.00, 1.00, 1.00 ⟩ 
2 Disagree ⟨ (0,2,4); 0.25, 0.75, 0.75 ⟩ 
3 Neutral ⟨ (2,4,6); 0.50, 0.50, 0.50 ⟩ 
4 OK ⟨ (4,6,8); 0.75, 0.25, 0.25 ⟩ 
5 Totally agree ⟨ (6,8,8); 1.00, 0.00, 0.00 ⟩ 

4. Results 

Neutrosophic Data Processing 

For each question, 𝑄ᵢ (𝑖 =  1, 2, . . . , 26),the response frequencies υ ᵢⱼ for expectations and ω ᵢⱼ for per-
ceptions were calculated, where j represents the value on the Likert scale (1-5). 

Calculation of Neutrosophic Values by Dimension  
Tangibility Dimension:  

• Question 1 (Product Differentiation):  
o Expectation:⟨(4.2, 6.1, 7.8);  0.72, 0.28, 0.31⟩  
o Perception:⟨(3.8, 5.9, 7.6);  0.68, 0.32, 0.35⟩  
o Score Expectation:𝑺(𝑬𝟏) = 𝟏/𝟖(𝟒.𝟐 + 𝟔. 𝟏 + 𝟕. 𝟖) = 𝟏/𝟖(𝟏𝟖. 𝟏) = 𝟐. 𝟐𝟔𝟐𝟓  
o Score Perception: 𝑆(𝑃1) = 1/8(3.8 + 5.9 + 7.6) = 1/8(17.3) = 2.1625  
o Gap: 2.2625 − 2.1625 = 0.1000  
• Question 2 (Quality as a guarantee):  
o Expectation: ⟨ (5.1, 6.8, 7.9); 0.78, 0.22, 0.25 ⟩  
o Perception: ⟨ (4.9, 6.6, 7.7); 0.74, 0.26, 0.29 ⟩  
o Score Expectation: S(E2)=1/8(5.1+6.8+7.9)=1/8(19.8)=2.475 
o Perception Score: S(P2)=1/8(4.9+6.6+7.7)=1/8(19.2)=2.4 
o Gap: 2.475−2.4=0.075 
• Question 8 (Cleaning and order):  
o Expectation: ⟨ (5.4, 7.1, 7.8); 0.82, 0.18, 0.21 ⟩  
o Perception: ⟨ (5.8, 7.3, 7.9); 0.85, 0.15, 0.18 ⟩  
o Score Expectation: S(E8)=1/8(5.4+7.1+7.8)=1/8(20.3)=2.5375 
o Perception Score: S(P8)=1/8(5.8+7.3+7.9)=1/8(21.0)=2.625 
o Gap: 2.5375−2.625=−0.0875 
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Reliability Dimension:  

• Question 3 (Customer Service):  
o Expectation: ⟨ (4.8, 6.5, 7.7); 0.75, 0.25, 0.28 ⟩  
o Perception: ⟨ (4.6, 6.3, 7.5); 0.71, 0.29, 0.32 ⟩  
o Score Expectation: S(E3)=1/8(4.8+6.5+7.7)=1/8(19.0)=2.375 
o Perception Score: S(P3)=1/8(4.6+6.3+7.5)=1/8(18.4)=2.3 
o Gap: 2.375−2.3=0.075 
• Question 9 (Price-quality):  
o Expectation: ⟨ (4.1, 5.8, 7.2); 0.65, 0.35, 0.38 ⟩  
o Perception: ⟨ (3.7, 5.4, 6.8); 0.61, 0.39, 0.42 ⟩  
o Score Expectation: S(E9)=1/8(4.1+5.8+7.2)=1/8(17.1)=2.1375 
o Perception Score: S(P9)=1/8(3.7+5.4+6.8)=1/8(15.9)=1.9875 
o Gap: 2.1375−1.9875=0.1500 

Responsiveness Dimension:  

• Question 4 (First experience):  
o Expectation: ⟨ (5.2, 6.9, 7.8); 0.79, 0.21, 0.24 ⟩  
o Perception: ⟨ (4.8, 6.5, 7.6); 0.75, 0.25, 0.28 ⟩  
o Score Expectation: S(E4)=1/8(5.2+6.9+7.8)=1/8(19.9)=2.4875 
o Perception Score: S(P4)=1/8(4.8+6.5+7.6)=1/8(18.9)=2.3625 
o Gap: 2.4875−2.3625=0.1250 
• Question 10 (Waiting time):  
o Expectation: ⟨ (4.5, 6.2, 7.4); 0.70, 0.30, 0.33 ⟩  
o Perception: ⟨ (4.1, 5.8, 7.0); 0.66, 0.34, 0.37 ⟩  
o Score Expectation: S(E10)=1/8(4.5+6.2+7.4)=1/8(18.1)=2.2625 
o Perception Score: S(P10)=1/8(4.1+5.8+7.0)=1/8(16.9)=2.1125 
o Gap: 2.2625−2.1125=0.1500 

Security Dimension:  

• Question 11 (Entry Protocols):  
o Expectation: ⟨ (4.9, 6.6, 7.5); 0.76, 0.24, 0.27 ⟩  
o Perception: ⟨ (5.1, 6.8, 7.7); 0.78, 0.22, 0.25 ⟩  
o Score Expectation: S(E11)=1/8(4.9+6.6+7.5)=1/8(19.0)=2.375 
o Perception Score: S(P11)=1/8(5.1+6.8+7.7)=1/8(19.6)=2.45 
o Gap: 2.375−2.45=−0.075 
• Question 13 (Security in physical purchases):  
o Expectation: ⟨ (4.7, 6.4, 7.6); 0.73, 0.27, 0.30 ⟩  
o Perception: ⟨ (4.3, 6.0, 7.2); 0.69, 0.31, 0.34 ⟩  
o Score Expectation: S(E13)=1/8(4.7+6.4+7.6)=1/8(18.7)=2.3375 
o Perception Score: S(P13)=1/8(4.3+6.0+7.2)=1/8(17.5)=2.1875 
o Gap: 2.3375−2.1875=0.1500 

 



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 

Worldviews: Toward a Sustainable Future (Workshop – March 18–21, 2025, Universidad Tecnológica 

de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025 

 

Abraham Cárdenas Saavedra, Jhamely Herrera Cometivos, Antonio Bartolomé Medina Salgado, Alberto Alonso Espinoza 
Saldaña, Alberto Barrenechea – Romero, Rejis Renato Paredes Peñafiel, Rosa María Criollo Delgado. Evaluation of the 
Relationship between Consumer Behavior and Purchasing Preference in Supermarkets Using the SERVQUAL Neutrosophic 
Model. 

831 

Empathy Dimension:  

• Question 5 (Recommendations):  
o Expectation: ⟨ (4.3, 6.0, 7.3); 0.68, 0.32, 0.35⟩  
o Perception: ⟨ (4.1, 5.8, 7.1); 0.64, 0.36, 0.39 ⟩  
o Score Expectation: S(E5)=1/8(4.3+6.0+7.3)=1/8(17.6)=2.2 
o Perception Score: S(P5)=1/8(4.1+5.8+7.1)=1/8(17.0)=2.125 
o Gap: 2.2−2.125=0.075 
• Question 6 (Clear information):  
o Expectation: ⟨ (5.3, 7.0, 7.9); 0.81, 0.19, 0.22 ⟩  
o Perception: ⟨ (4.2, 5.9, 7.1); 0.67, 0.33, 0.36 ⟩  
o Score Expectation: S(E6)=1/8(5.3+7.0+7.9)=1/8(20.2)=2.525 
o Perception Score: S(P6)=1/8(4.2+5.9+7.1)=1/8(17.2)=2.15 
o Gap: 2.525−2.15=0.375 

Results by SERVQUAL Dimension  

• Tangibility :  
o Average gap: (0.1000+0.075+(−0.0875))/3=0.0292 
• Reliability:  
o Average gap: (0.075+0.1500)/2=0.1125 
• Responsiveness:  
o Average gap: (0.1250+0.1500)/2=0.1375 
• Security:  
o Average gap: ((−0.075)+0.1500)/2=0.0375 
• Empathy:  
o Average gap: (0.075+0.375)/2=0.225 

 

Figure 1: SERVQUAL Dimensions Gap Analysis 
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Analysis of Purchase Preferences  

 

Figure 2. Purchase Preference Neutrosophic Scores. 

• Variety of Products: 
o Neutrosophic score: 5.892450 
o Interpretation: High appreciation for product diversity 
• Hygiene and Hospitality: 
o Neutrosophic score: 6.234750 
o Interpretation: Aspect most valued by consumers 
• Organization: 
o Neutrosophic score: 5.671200 
o Interpretation: Good perception of the organization of space 
• Friendliness: 
o Neutrosophic score: 5.348900 
o Interpretation: Positive perception of personal treatment 
• Knowledge and Complaints: 
o Neutrosophic score: 4.876250 
o Interpretation: Area with the greatest potential for improvement 

5. Discussion 

The results of the SERVQUAL neutrosophic model reveal significant patterns in the relationship 
between consumer behavior and purchasing preference: 

Main Findings  

• Product Information Gap: The largest gap was found in information clarity (0.375), indicating 
a significant discrepancy between expectations and perceptions. 
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• Strength in Hygiene: The hygiene and hospitality dimension obtained the highest score 
(6.234750), confirming its critical importance for consumers. 

• Responsiveness: Responsiveness: This dimension showed the second highest average gap 
(0.225), suggesting the need to improve the speed of care. 

• Mixed Perceptions on Security: While some security aspects exceeded expectations, others re-
quire attention. 

Implications for Retail Supermarkets should prioritize: 

• Improved clarity and accessibility of product information 
• Maintaining high standards of hygiene and cleanliness 
• Development of more agile response systems 
• Strengthening price-quality communication 

Advantages of the Neutrosophic Approach The use of triangular neutrosophic numbers allowed to 
capture: 

• Uncertainty in consumer evaluations 
• Inherent ambiguity in service perceptions 
• Nuances that traditional approaches do not detect 

This study demonstrates that the SERVQUAL neutrosophic model provides a robust tool for 
assessing service quality in supermarkets, capturing the complexities and contradictions inher-
ent in consumer behavior. 

Main Contributions  

• Methodological: Successful adaptation of the SERVQUAL neutrosophic model to the super-
market context 

• Empirical : Identification of specific gaps in critical service dimensions 
• Practice : Proposal of priority areas for improvement in customer experience 

Strategic Recommendations For the supermarkets studied it is recommended: 

• Immediate Improvement : Implement clearer and more accessible product information systems 
• Maintaining Strengths : Continue investing in hygiene and cleanliness 
• Capacity Building : Improve response times and customer service 
• Value Communication : Reinforcing the perception of price-quality alignment 

Limitations and Future Research Limitations include sample size and the specific geographic con-
text. Future research could: 

• Expand the study to different regions 
• Include additional variables such as loyalty and satisfaction 
• Develop predictive models based on neutrosophic findings 
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The SERVQUAL neutrosophic model is presented as a valuable tool for the analysis of service quality 
in complex contexts, where uncertainty and ambiguity are determining factors. Its application in the 
Peruvian retail sector demonstrates its usefulness in identifying opportunities for improvement and 
designing strategies that strengthen competitiveness and customer satisfaction. The results obtained 
confirm that consumer behavior is influenced by multiple interrelated factors, and that purchasing pref-
erences are built from experiences that combine tangible and intangible aspects of the service. The neu-
trosophic model's ability to capture these complexities makes it an essential tool for strategic decision-
making in the retail sector. 

 
6. Conclusions 

The results obtained in this study reveal a clear trend in consumer shopping preferences, with hy-
giene and hospitality standing out as the most highly valued aspects, while the dimension related to 
product information shows the greatest room for improvement. This distribution of neutrosophic scores 
allows for a more precise understanding of how expectations are configured in relation to the actual 
shopping experience in Peruvian supermarkets. From an applied perspective, the findings provide a 
solid basis for formulating strategies aimed at optimizing the customer experience. The identification 
of critical areas, such as clarity of information and responsiveness of service, offers sales managers prac-
tical tools to redirect their efforts and increase customer loyalty. Regarding the study's contributions, 
the successful integration of the neutrosophic SERVQUAL model into an everyday environment such 
as retail is highlighted. This methodological adaptation allows for the capture of elements frequently 
overlooked by conventional approaches, such as uncertainty or the ambiguity inherent in consumer 
perceptions. In this way, the work not only enriches the theoretical body related to service quality as-
sessment but also provides a replicable and versatile analytical framework. 

However, it is necessary to acknowledge certain limitations that accompany this research. The small 
sample size and localized geographic focus could restrict the generalization of the results. Furthermore, 
the cross-sectional nature of the study prevents observing the evolution of perceptions over time, which 
would be valuable in dynamic contexts such as retail consumption. Based on the above, it is suggested 
that future studies expand territorial coverage and incorporate complementary variables such as cus-
tomer loyalty or sustained satisfaction. Likewise, it would be pertinent to explore hybrid models that 
combine neutrosophic logic with machine learning techniques in order to build more robust predictive 
systems. In short, this work opens a promising avenue for deepening our understanding of consumer 
behavior, especially in contexts marked by the complexity, subjectivity, and volatility of the commercial 
environment. 
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Abstract. This dissertation aims to assess the significance of dialogues in educational interventions that facilitate 

the construction and reinforcement of the cultural identity of Shuar students in rural multigrade classrooms from 

a Neutrosophic N-Alectic Assessment based on the Theory of Neutrosophy that seeks to approximate truth, denial, 

and indeterminacy within pedagogical realities. Therefore, it involves an interpretative qualitative study comprised 

of semi-structured, in-depth interviews with teachers and students, participant observation in classrooms, and neu-

trosophic discursive analysis of dialogue occurring in bilingual learning environments. Results show that dialogue 

surrounding ancestral stories, purposeful interaction with the Shuar language, and subsequent community involve-

ment facilitate an identity acknowledgment for students, whereas discussions predicated upon standardization and 

school theories foster complicated relationships between one's culture and school culture, as evidenced by high 

levels of denial or neutrosophic indeterminacy. Ultimately, the Neutrosophic N-Alectic Assessment provides a de-

finitive assessment of figurative paradoxes operating within the classroom while serving as an efficient tool for 

reimagining pedagogical practice to embed considerations of culture, belonging, and identity performance for In-

digenous students. Thus, it extends the understanding of educational pedagogical realities present in intercultural 

classrooms while also extending new methodological paths for cultural pluralism conflict resolution through dia-

logue. 

Keywords: Identity, Shuar, Dialogue, N- Alectic , Education, Interculturality, Belonging.

1. Introduction 

 

In Amazonian indigenous communities, such as the Shuar ethnic group of Ecuador, cultural identity 

has historically been a tool of resistance against processes of colonization, assimilation, and educational 

homogenization. However, currently, there is a worrying decline in the daily use of the Shuar language, 

in the practice of traditional customs, and in the open expression of ethnic pride within the school en-

vironment, especially in rural multi-grade classrooms. This phenomenon poses an urgent pedagogical 

challenge: how can educational spaces become effective scenarios for identity strengthening without 

reproducing uniform models that obscure cultural diversity? This question takes on greater relevance 

when one considers that language, oral narratives, and dialogue are essential elements in the transmis-

sion of the cultural memory of indigenous peoples, and their weakening can lead to a progressive ero-

sion of collective identity. 

Existing research has addressed the relationship between education and ethnic identity from multi-

ple perspectives. For example, Sadowski [1] highlights that school structures can be key to reinforcing 

cultural identities if contextualized pedagogical practices are incorporated. Parkhouse et al. [2] point 

out that multicultural curricula increase students' sense of belonging, although they warn that these 

efforts tend to be isolated and lack continuity. Studies such as those by De Jong et al. [3] demonstrate 

that the integration of the native language in the classroom improves self-esteem and academic perfor-

mance in indigenous students, but they also recognize structural limitations, such as the scarcity of 
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teaching materials and insufficient teacher training. In the specific case of the Shuar communities, Bui-

trón and Deshoullière have documented tensions between official educational models and their own 

cultural practices, evidencing a disconnection between the school and the community. However, these 

investigations have not yet delved into the discursive mechanisms—such as educational dialogue—that 

mediate the appropriation or rejection of cultural identity, nor have they incorporated methodologies 

that allow capturing the indeterminacy and ambivalence present in everyday discourses. 

Given these limitations, there is a need to explore new theoretical and methodological tools that 

allow us to understand not only what is affirmed or denied in relation to cultural identity within the 

classroom, but also those spaces of neutrality, ambiguity, or symbolic contradiction. Neutrosophic N- 

Alectics , by integrating categories of truth, falsity, and indeterminacy, offers a robust analytical alter-

native for studying the complexity of educational dialogues in intercultural contexts[4,5]. This approach 

allows us to identify the elements of discourse that reinforce cultural identity, as well as those that 

weaken or ignore it, opening up a field of study that has been little explored in diversity pedagogy. 

Given the inadequacy of binary models that categorize practices as inclusive or exclusive, a framework 

that recognizes the multiplicity of positions that educational actors adopt toward their culture in every-

day interactions becomes indispensable. 

The relevance of this research lies in its potential to offer a deeper understanding of the role that 

dialogue plays as a vehicle for identity in the classroom. In multi-grade rural educational settings, where 

students of different levels and cultural backgrounds converge, spontaneous dialogues, oral narratives, 

and peer interactions constitute fertile ground for the transmission or transformation of identity refer-

ents. However, if these exchanges are not analyzed with tools sensitive to ambiguity, there is a risk of 

obscuring the ways in which culture is negotiated, adapted, or even weakened. Therefore, applying a 

neutrosophic perspective to these processes not only broadens the field of analysis but also provides 

practical tools for designing more inclusive and relevant pedagogical strategies. In the Ecuadorian con-

text, educational policies have attempted to incorporate a bilingual intercultural approach through the 

Intercultural Bilingual Education System Model (MOSEIB), whose purpose is to articulate indigenous 

culture with formal education. However, several studies have shown that its implementation faces mul-

tiple obstacles, such as poor teacher training, a lack of materials in the indigenous language, and weak 

links between school and community . Furthermore, Proehl et al. [6] warn that multi-grade class-

rooms—frequent in rural indigenous areas—present particular challenges in curriculum planning and 

learning management, which often impede effective cultural inclusion. Thus, the school, instead of re-

inforcing ethnic identity, can become a space where homogeneous logic predominates and ancestral 

knowledge is made invisible[7]. 

From a psychosocial perspective, Yip [8] and Phinney [9] have shown that the development of ethnic 

identity in children and adolescents is strongly linked to the social validation of their cultural referents 

in significant environments, such as school. When students perceive that their language, traditions or 

symbols are not recognized or valued, they tend to hide or minimize these aspects of their identity, 

which can generate feelings of uprooting or identity conflict . On the contrary, the positive incorporation 

of these elements in educational discourse favors the construction of a balanced bicultural identity. In 

this sense, the way in which dialogue is structured in the classroom and the contents that emerge from 

everyday interactions play a central role in this process, which reinforces the need to approach them 

from a methodology capable of capturing their complexity. From this perspective, this study aims to 

analyze how educational dialogues in multi-grade classrooms in Shuar communities [10]  contribute to 

the construction, negotiation, or weakening of cultural identity, using Neutrosophic N- Alectics as a 

discursive analysis tool. It is assumed that communicative exchanges between teachers, students, and 

the community contain evidence of both affirmation and denial, as well as cultural indeterminacy, the 

identification of which can guide the formulation of more effective pedagogical strategies for identity 

strengthening . Furthermore, it is considered that the school can play an active role in this process, 
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provided it manages to harmonize its formal objectives with the symbolic dynamics of the cultural en-

vironment. 

 

Figure 1. Intergenerational Representation of Shuar Culture in the Ecuadorian Amazon 

Members of the Shuar community in a traditional setting. The photo shows cultural features such as body paint, ceremonial 

dress, and intergenerational presence, symbolizing the continuity of ancestral identity. 
Source: Step Forward Foundation (n.d.). The Shuar. Retrieved from https://www.stepforwardfoundation.org/the-shuar/ 

 

The general objective of this research is to interpret the neutrosophic components present in educa-

tional dialogues related to cultural identity in Shuar students of basic education, and the following spe-

cific objectives are proposed: to identify the discursive manifestations of affirmation, denial, and cul-

tural indeterminacy; to analyze the influence of community contexts in the construction of school dis-

course; and to propose pedagogical guidelines for an intentional use of dialogue in identity formation . 

The hypotheses that guide this study maintain that educational dialogues, when analyzed from a neu-

trosophic perspective, reveal patterns of resistance, negotiation, or identity resolution that are not evi-

dent from conventional pedagogical approaches. With this approach, the present work is part of an 

emerging line of research that seeks to integrate neutrosophic theory with intercultural studies in edu-

cation, contributing both to the theoretical understanding of the identity phenomenon and to the prac-

tical transformation of school settings. In doing so, it is hoped not only to contribute to strengthening 

Shuar cultural identity, but also to offer a methodological proposal that can be replicated in other highly 

complex multicultural and educational contexts. 
 

2. Preliminaries 

2.1. N - alectics as a theoretical framework. 
N - alectics , a sophisticated extension of neutrosophy proposed by Smarandache (2002), emerges as 

an analytical framework that overcomes the limitations of traditional dialectics, based on the binary 

dynamics of opposites (True, T, and False, F). Neutrosophy introduces a trialectics that incorporates a 

third essential component: indeterminacy or neutrality (I), defined as an intermediate state reflecting 
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ambiguity, uncertainty, or coexistence between extremes[4,5]. Smarandache describes this perspective 

as a dynamic of opposites (T and F) and the neutrality/indeterminacy (I) between them [11],which ex-

tends the analysis to complex systems where rigid dichotomies do not capture the totality of interactions. 

This approach further evolves into n- alectics , a general model that refines the basic components T 

(Truth), I (Indeterminacy) and F (Falsehood) into n interdependent subcomponents: (𝑇₁, 𝑇₂, . . . , 𝑇ₚ;  𝐼₁, 𝐼₂, . . . , 𝐼ᵣ;  𝐹₁, 𝐹₂, . . . , 𝐹ₛ), where p, r and s are positive integers and 

The foundation of n- alectics is inspired by pre-Columbian indigenous worldviews, such as those in 

the Mesoamerican, Andean, and Amazonian worldviews, which have historically adopted non-binary 

thought structures. For example, in the Toltec-Aztec worldview, Quetzalcoatl embodies a trialectic of 

heaven (T: divine wisdom), earth (I: transformation and balance), and the underworld (F: death and 

renewal), illustrating a system where opposites are not mere contrasts, but interconnected forces in con-

stant transformation [4]. Similarly, in Andean dialectics, concepts such as Yanantin (complementary 

duality ) and Pachakuti (cyclical change) reflect an interplay of complementary opposites, while Ama-

zonian Shuar cosmology extends this idea to an n- alectic network of multiple spiritual forces, such as 

Tsunki (T₁ – Spirit of Water), Nunkui (T₃ – Fertility), and Nekás (F₃ – Chaos), mediated by the shaman 

(I₃) and other entities. These ancestral philosophies, which integrate indeterminacy as an essential com-
ponent, find an echo in n- alectic , which formalizes this complexity through advanced mathematical 

and philosophical logic[5]. 

In formal terms, refined neutrosophic logic defines neutrosophic components as a structured set: (T, 

I, F), where each can be subdivided according to the context. For example, in fourfold neutrosophic logic, 

an intermediate case between trialectic and n-alectics, a refinement of (T, F) into (T, I₁, I₂, F) is proposed, 
as in the case of man (T), woman (F), complementarity (I₁), and contradiction (I₂). 

In its most general form, n -alectics is expressed as:  (𝑇1, 𝑇2, … , 𝑇𝑝; 𝐼1, 𝐼2, … , 𝐼𝑟; 𝐹1, 𝐹2, … , 𝐹𝑠)where the total number of subcomponents (𝑛 =  𝑝 +  𝑟 +  𝑠)de-

pends on the granularity required for the analysis. This flexibility makes it possible to capture the rich-

ness of dynamic systems, such as educational systems, where interactions are not reduced to simple 

polarities. Furthermore, n- alectics is applied in practice through quantitative metrics, as in the ethical 

decision-making described in the base article. In this case, weights (w ᵢ ) are assigned to each subcom-

ponent; for example, w T = 0.33 for T, w I = 0.165 for pure I, w F = 0.175 for F, and the neutrosophic distance 

to an ideal solution is calculated using the formula: 

𝒅𝒊+ =  ∑ (𝒘𝑻|𝑻𝑨(𝒙𝒊) −  𝑻𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰𝑻|𝑰𝑻𝑨(𝒙𝒊) −  𝑰𝑻𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰|𝑰𝑨(𝒙𝒊) −  𝑰𝑩(𝒙𝒊)|𝝀 + 𝒘𝑰𝑭|𝑰𝑭𝑨(𝒙𝒊) −𝒏𝒊=𝟏  𝑰𝑭𝑩(𝒙𝒊)|𝝀 +  𝒘𝑭|𝑭𝑨(𝒙𝒊) −  𝑭𝑩(𝒙𝒊)|𝝀) (1) 

 

 

where λ determines the type of distance (λ = 1 for Hamming, λ = 2 for Euclidean), x ᵢ are the observed 

values and y ᵢ the ideal ones [5]. This methodology evaluates complex options, such as mining projects, 

balancing economic (T), environmental (F) and uncertain (I) factors. 

The analysis of Shuar cultural identity in educational contexts requires a methodological framework 

that embraces complexity, contradiction, and uncertainty. In this sense, neutrosophic n-alectics provides 

a powerful tool to map the interplay between ancestral knowledge, linguistic revitalization, and insti-

tutional education, recognizing that aspects of identity may simultaneously exhibit truth (e.g., pride in 

traditions), falsity (e.g., rejection by peers), and indeterminacy (e.g., uncertainty about cultural belong-

ing in school settings)[12]. 𝐼 =  (𝑚𝑎𝑥(𝑇𝑥), 𝑚𝑎𝑥(𝐼𝑇𝑥), 𝑚𝑖𝑛(𝐼𝑥), 𝑚𝑖𝑛(𝐼𝐹𝑥), 𝑚𝑖𝑛(𝐹𝑥))  (2)   
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Where: 

• 𝑇𝑥: Truth associated with option x. 

• 𝐼𝑇𝑥: Indeterminacy that tends towards the truth associated with option x. 

• 𝐼𝑥: Pure indeterminacy associated with option x. 

• 𝐼𝐹𝑥: Indeterminacy that tends to falsehood associated with option x. 

• 𝐹𝑥: Minimum falsehood associated with option x. 

The relevance of n- alectics in this context lies in its ability to model the dynamic interaction between 

these elements. Furthermore, its practical application, inspired by the ethical decision-making[13, 14]  

model allows to quantify these relationships through weights assigned to each subcomponent and neu-

trosophic distance calculations, providing a robust methodological tool. Thus, this framework not only 

enriches theoretical analysis by providing a holistic view of educational processes, but also suggests 

practical implications for designing pedagogical interventions that foster a balance between metacogni-

tive reflection and scientific disposition, strengthening the preparation of future educators[15]. 

3. Methodological Design 

 

This research aimed to interpret the complex dynamics present in educational dialogues and their 

relationship to the construction of cultural identity among Shuar elementary school students, with spe-

cial emphasis on identifying neutrosophic patterns of affirmation, resistance, and cultural indetermi-

nacy that emerge in intercultural pedagogical contexts. The central objective was to reveal the contra-

dictions, ambiguities, and tensions that characterize the processes of cultural transmission in rural mul-

tigrade classrooms, where ancestral and Western knowledge systems converge. To this end, discursive 

interactions in three educational institutions in the Ecuadorian Amazon region were analyzed, also con-

sidering the uncertainties, identity negotiations, and cultural resistance that emerge in these dynamic 

and multicultural educational spaces. 

The results presented below derive from the application of neutrosophic n- alectics , an analytical 

framework that allowed for the modeling of this complex interaction by decomposing identity con-

structs into subcomponents of truth, indeterminacy, and falsity, and the quantitative assessment of their 

discursive relationships. This approach, grounded in a refined neutrosophic logic (Smarandache, 2002, 

2013), facilitated the capture of the multiple dimensions involved in identity construction , revealing 

patterns that transcend traditional perspectives on intercultural education. Thus, this section presents 

the key findings obtained, highlighting how ancestral pedagogical conceptions and Western educa-

tional methodologies are intertwined, offering an empirical basis for understanding their impact on 

Shuar identity formation within the contexts studied. 

 

Step 1: Definition of neutrosophic subcomponents 

alectic neutrosophy , we classify the factors that influence the construction of Shuar cultural identity 

through educational dialogues as follows: 

 

Truth (V) – Positive elements of identity affirmation : 

• T₁: Integration of Shuar ancestral narratives into pedagogical dialogue (e.g., stories about 
Tsunki , Nunkui , and Amazonian worldview). 

• T₂: Contextualized and valued use of the Shuar language in formal educational spaces (for ex-
ample, conceptual explanations in the mother tongue). 
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• T₃: Active participation of community leaders and elders in educational processes (for example, 
presence of elders as transmitters of knowledge). 

Indeterminacy (I) – Identity uncertainties and ambiguities: 

• 𝐼𝑇 (Truth-tending indeterminacy): Spaces of cultural negotiation where positive adaptation pre-

dominates (for example, hybridization of ancestral methodologies with Western pedagogy). 

• I (Pure Indeterminacy): Moments of identity confusion without clear resolution (for example, 

students experiencing conflict between family and school values). 

• 𝐼𝐹 (Indeterminacy tending towards falsehood): Situations of cultural tension with a tendency 

towards identity rejection (for example, cultural shame manifested in the rejection of one's own 

language). 

Falsehood (F) – Negative or limiting elements of identity: 

• F1: homogenizing pedagogical approaches that make Shuar culture invisible (for example, 

Western curricula without cultural adaptation). 

• F₂: Lack of institutional recognition of ancestral knowledge (for example, devaluation of ethno-

botanical and spiritual knowledge). 

• F₃: Linguistic imposition of Spanish as the only valid language in the classroom (for example, 
explicit or implicit prohibition of the use of Shuar). 

Thus, the intercultural educational scenario can be structured as an n- alectic set (𝑻𝟏, 𝑻𝟐, 𝑻𝟑;  𝑰𝑻, 𝑰, 𝑰𝑭;  𝑭𝟏, 𝑭𝟐, 𝑭𝟑) 

 

Step 2: Assign weights to the components 

To reflect the relative importance of each dimension in the Shuar identity construction , and consid-

ering both the processes of cultural resistance and those of educational adaptation, the following 

weights are assigned: 

 

Positive elements of identity affirmation : 

• 𝑤𝑇₁ =  0,25(integration of ancestral narratives) 

• 𝑤𝑇₂ =  0,20(valued use of the Shuar language) 

• 𝑤𝑇₃ =  0,15(community participation) 

Undetermined factors: 

• 𝑤𝐼𝑇 =  0,12(indeterminacy towards cultural affirmation) 

• 𝑤𝐼 =  0,08(pure indeterminacy) 

• 𝑤𝐼𝐹 =  0,10(indeterminacy towards cultural denial) 

Negative or limiting elements: 

• 𝑤𝐹₁ =  0,05(homogenizing approaches) 

• 𝑤𝐹₂ =  0,03(absence of recognition) 

• 𝑤𝐹₃ =  0,02(linguistic imposition) 

The sum of the weights is: 0.25 +  0.20 +  0.15 +  0.12 +  0.08 +  0.10 +  0.05 +  0.03 +  0.02 = 1.0 

These values significantly prioritize the positive aspects of identity construction (T₁, T₂, T₃) and un-
certainties with affirmative potential (IT), recognizing their fundamental relevance in the processes of 
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resistance and cultural adaptation, while negative factors receive less weight, reflecting the resilience 

capacity of the Shuar culture. 

Step 3: Identify the ideal profile 

The ideal profile of an intercultural education system combines the full integration of Shuar cultural 

elements with effective institutional recognition, minimizing identity tensions and pedagogical contra-

dictions. Using the formula for the ideal neutrosophic solution: 𝑺𝒊𝒅𝒆𝒂𝒍 = (𝒎𝒂𝒙(𝑻₁𝒙), 𝒎𝒂𝒙(𝑻₂𝒙), 𝒎𝒂𝒙(𝑻₃𝒙);  𝒎𝒂𝒙(𝑰𝑻𝒙);  𝒎𝒊𝒏(𝑰𝒙);  𝒎𝒊𝒏(𝑰𝑭𝒙);  𝒎𝒊𝒏(𝑭₁𝒙), 𝒎𝒊𝒏(𝑭₂𝒙), 𝒎𝒊𝒏(𝑭₃𝒙))
     (3) 

The ideal profile of an intercultural education system is one that achieves the "full integration of 

Shuar cultural elements with effective institutional recognition, minimizing identity tensions and ped-

agogical contradictions". To formalize this concept and establish a quantitative benchmark, an ideal 

neutrosophic solution is defined. The structure of this solution is based on the principle of maximizing 

all subcomponents that contribute positively to identity affirmation (those of Truth) and minimizing 

those that weaken it or generate conflict (those of Falsehood and negative Indeterminacy). 

We assign ideal values: 

• 𝑇₁ =  0,95 (full integration of ancestral narratives) 

• 𝑇₂ =  0,90(fully valued use of the Shuar language) 

• 𝑇₃ =  0,85(optimal community participation) 

• 𝐼𝑇 =  0,20(optimal level of positive cultural negotiation) 

• 𝐼 =  0,05(minimal identity confusion) 

• 𝐼𝐹 =  0,05(minimal cultural tension) 

• 𝐹₁ =  0,05(minimal homogenization) 

• 𝐹₂ =  0,03(minimal lack of recognition) 

• 𝐹₃ =  0,02( minimal linguistic imposition ) 

Evaluation of three educational contexts: 

Option A: Community school with a strong intercultural focus: 

• 𝑇₁ =  0,85(regularly integrated ancestral narratives) 

• T ₂ =  0,75(Shuar language valued and used) 

• 𝑇₃ =  0,80(active community participation) 

• 𝐼𝑇 =  0,30(frequent but positive cultural negotiation) 

• 𝐼 =  0,20(some moments of identity confusion) 

• 𝐼𝐹 =  0,15(occasional cultural tensions) 

• 𝐹₁ =  0,20(some homogenizing approaches) 

• 𝐹₂ =  0,15(partial recognition of knowledge) 

• 𝐹₃ =  0,10(occasional use of Spanish only) 

Option B: Public school with moderate intercultural adaptations: 

• 𝑇₁ =  0,60(ancestral narratives present but limited) 
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• 𝑇₂ =  0,50(Shuar language tolerated but not valued) 

• 𝑇₃ =  0,40(sporadic community participation) 

• 𝐼𝑇 =  0,50(constant cultural negotiation) 

• 𝐼 =  0,40(frequent identity confusion) 

• 𝐼𝐹 =  0,35(regular cultural tensions) 

• 𝐹₁ =  0,50(predominant homogenizing approaches) 

• 𝐹₂ =  0,45(limited recognition of knowledge) 

• 𝐹₃ =  0,40(predominance of Spanish) 

Option C: Urban school with a monocultural approach : 

• 𝑇₁ =  0,25(absent or marginal ancestral narratives) 

• 𝑇₂ =  0,20(Shuar language devalued or prohibited) 

• 𝑇₃ =  0,15(non-existent community participation) 

• 𝐼𝑇 =  0,70(intense cultural negotiation out of necessity) 

• 𝐼 =  0,60(high identity confusion) 

• 𝐼𝐹 =  0,65(severe cultural tensions) 

• 𝐹₁ =  0,80(completely homogenizing approaches) 

• 𝐹₂ =  0,75(total absence of recognition) 

• 𝐹₃ =  0,85(total linguistic imposition) 

Step 4: Calculating the Neutrosophic Distance 

Hamming Distance , λ=1): 

𝑑𝑖+ =  𝛴 (𝑤𝑇𝑖|𝑇𝑖𝑑𝑒𝑎𝑙(𝑥𝑖) −  𝑇𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑜(𝑥𝑖)|𝜆 +  𝑤𝐼𝑇𝑖|𝐼𝑇𝑖𝑑𝑒𝑎𝑙(𝑥𝑖) −  𝐼𝑇𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑜(𝑥𝑖)|𝜆 +  𝑤𝐼𝑖|𝐼𝑖𝑑𝑒𝑎𝑙(𝑥𝑖) − 𝐼𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑜(𝑥𝑖)|𝜆 +  𝑤𝐼𝐹𝑖|𝐼𝐹𝑖𝑑𝑒𝑎𝑙(𝑥𝑖) −  𝐼𝐹𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑜(𝑥𝑖)|𝜆 +  𝑤𝐹𝑖|𝐹𝑖𝑑𝑒𝑎𝑙(𝑥𝑖) −  𝐹𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑜(𝑥𝑖)|𝜆)  (4) 

Ideal reference values: 

• 𝑇₁ =  0,95;  𝑇₂ =  0,90;  𝑇₃ =  0,85 
• 𝐼𝑇 =  0,20;  𝐼 =  0,05;  𝐼𝐹 =  0,05 
• 𝐹₁ =  0,05;  𝐹₂ =  0,03;  𝐹₃ =  0,02 

Assigned weights: 

• 𝑤𝑇₁ =  0,25;  𝑤𝑇₂ =  0,20;  𝑤𝑇₃ =  0,15 
• 𝑤𝐼𝑇 =  0,12;  𝑤𝐼 =  0,08;  𝑤𝐼𝐹 =  0,10 
• 𝑤𝐹₁ =  0,05;  𝑤𝐹₂ =  0,03;  𝑤𝐹₃ =  0,02 

 

Option A (Intercultural Community School): 

Detailed calculation: 

• 𝑻₁: 0,25 ×  |0,95 −  0,85|  =  0,25 ×  0,10 =  0,025 
• 𝑻₂: 0,20 ×  |0,90 −  0,75|  =  0,20 ×  0,15 =  0,030 
• 𝑻₃: 0,15 ×  |0,85 −  0,80|  =  0,15 ×  0,05 =  0,0075 
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• 𝑰𝑻: 0,12 × |0,20 −  0,30|  =  0,12 ×  0,10 =  0,012 
• 𝑰: 0,08 × |0,05 −  0,20|  =  0,08 ×  0,15 =  0,012 
• 𝑰𝑭: 0,10 × |0,05 −  0,15|  =  0,10 ×  0,10 =  0,010 
• 𝑭₁: 0,05 × |0,05 −  0,20|  =  0,05 ×  0,15 =  0,0075 
• 𝑭₂: 0,03 × |0,03 −  0,15|  =  0,03 ×  0,12 =  0,0036 
• 𝑭₃: 0,02 × |0,02 −  0,10|  =  0,02 ×  0,08 =  0,0016 𝒅𝑨 =  𝟎, 𝟎𝟐𝟓 +  𝟎, 𝟎𝟑𝟎 +  𝟎, 𝟎𝟎𝟕𝟓 +  𝟎, 𝟎𝟏𝟐 +  𝟎, 𝟎𝟏𝟐 +  𝟎, 𝟎𝟏𝟎 +  𝟎, 𝟎𝟎𝟕𝟓 +  𝟎, 𝟎𝟎𝟑𝟔 +  𝟎, 𝟎𝟎𝟏𝟔 𝒅𝑨 =  𝟎, 𝟏𝟎𝟖𝟕 

 

Option B (Public school with moderate accommodations): 

Detailed calculation: 

• 𝑻₁: 0,25 × |0,95 −  0,60|  =  0,25 ×  0,35 =  0,0875 
• 𝑻₂: 0,20 × |0,90 −  0,50|  =  0,20 ×  0,40 =  0,080 
• 𝑻₃: 0,15 × |0,85 −  0,40|  =  0,15 ×  0,45 =  0,0675 
• 𝑰𝑻: 0,12 ×  |0,20 −  0,50|  =  0,12 ×  0,30 =  0,036 
• 𝑰: 0,08 × |0,05 −  0,40|  =  0,08 ×  0,35 =  0,028 
• 𝑰𝑭: 0,10 × |0,05 −  0,35|  =  0,10 ×  0,30 =  0,030 
• 𝑭₁: 0,05 × |0,05 −  0,50|  =  0,05 ×  0,45 =  0,0225 
• 𝑭₂: 0,03 × |0,03 −  0,45|  =  0,03 ×  0,42 =  0,0126 
• 𝑭₃: 0,02 × |0,02 −  0,40|  =  0,02 ×  0,38 =  0,0076 

d 𝑩 =  𝟎, 𝟎𝟖𝟕𝟓 +  𝟎, 𝟎𝟖𝟎 +  𝟎, 𝟎𝟔𝟕𝟓 +  𝟎, 𝟎𝟑𝟔 +  𝟎, 𝟎𝟐𝟖 +  𝟎, 𝟎𝟑𝟎 +  𝟎, 𝟎𝟐𝟐𝟓 +  𝟎, 𝟎𝟏𝟐𝟔 + 𝟎, 𝟎𝟎𝟕𝟔 𝒅𝑩 =  𝟎, 𝟑𝟕𝟏𝟕 

 

Option C ( Monocultural urban school ): 

Detailed calculation: 

• 𝑻₁: 0,25 × |0,95 −  0,25|  =  0,25 ×  0,70 =  0,175 
• 𝑻₂: 0,20 × |0,90 −  0,20|  =  0,20 ×  0,70 =  0,140 
• 𝑻₃: 0,15 × |0,85 −  0,15|  =  0,15 ×  0,70 =  0,105 
• 𝑰𝑻: 0,12 ×  |0,20 −  0,70|  =  0,12 ×  0,50 =  0,060 
• 𝑰: 0,08 × |0,05 −  0,60|  =  0,08 ×  0,55 =  0,044 
• 𝑰𝑭: 0,10 × |0,05 −  0,65|  =  0,10 ×  0,60 =  0,060 
• 𝑭₁: 0,05 × |0,05 −  0,80|  =  0,05 ×  0,75 =  0,0375 
• 𝑭₂: 0,03 × |0,03 −  0,75|  =  0,03 ×  0,72 =  0,0216 
• 𝑭₃: 0,02 × |0,02 −  0,85|  =  0,02 ×  0,83 =  0,0166 𝒅𝑪 =  𝟎, 𝟏𝟕𝟓 +  𝟎, 𝟏𝟒𝟎 +  𝟎, 𝟏𝟎𝟓 +  𝟎, 𝟎𝟔𝟎 +  𝟎, 𝟎𝟒𝟒 +  𝟎, 𝟎𝟔𝟎 +  𝟎, 𝟎𝟑𝟕𝟓 +  𝟎, 𝟎𝟐𝟏𝟔 +  𝟎, 𝟎𝟏𝟔𝟔 𝒅𝑪 =  𝟎, 𝟔𝟓𝟗𝟕 

 

Final results: 

• Option A (Community School) :𝑑𝐴 =  0,1087 
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• Option B (Moderate Public School)): 𝑑𝐵 =  0,3717 

• Option C ( Monocultural urban school ) :𝑑𝐶 =  0,6597 

Option A has the lowest neutrosophic distance (0.1087), followed by Option B (0.3717) and Option C 

(0.6597). 

Detailed analysis of the results 

The results obtained through the n- alectic neutrosophic analysis reveal significant patterns in the 

structure and effectiveness of educational contexts for the construction of Shuar cultural identity in the 

three student modalities analyzed. The main finding indicates that the smallest neutrosophic distance 

corresponds to the intercultural community education system, (𝑑𝐴 =  0,1087),followed by the public 

school model with moderate adaptations  (𝑑𝐵 =  0,3717and, at a considerable distance, the monocul-

tural urban context. (𝑑𝐶 =  0,6597).This pattern reveals that educational spaces that actively integrate 

Shuar cultural elements into their pedagogical processes generate more favorable conditions for identity 

affirmation than those that operate from homogenizing paradigms . 

Comparative analysis of the three educational contexts 
 

1. Intercultural community education system 
 

The community-based educational context shows the smallest distance from the neutrosophic ideal 

( dA = 0.1087), reflecting a virtuous balance between the integration of ancestral narratives (T₁ = 0.85), 
the valued use of the Shuar language (T₂ = 0.75), and active community participation (T₃ = 0.80). This 
configuration demonstrates that when educational institutions recognize and value ancestral 

knowledge, favorable conditions are created for Shuar students to develop a solid and coherent cultural 

identity. 

The strength of this model lies in its ability to generate spaces for dialogue where Shuar worldviews, 

particularly those related to Tsunki (water spirit), Nunkui (fertility spirit), and Nekás (forces of chaos), 

are naturally integrated into the teaching-learning processes. The relatively low values of pure indeter-

minacy (I = 0.20) and cultural tension (IF = 0.15) suggest that this context facilitates identity negotiation 

processes without generating severe conflicts between ancestral culture and formal educational de-

mands. 

 

2. Public school system with moderate adaptations 
 

The public school context presents an intermediate position (𝑑𝐵 =  0,3717), characterized by partial 

recognition of Shuar cultural elements but with significant limitations in their practical implementation. 

The values 𝑇₁ =  0,60, 𝑇₂ =  0,50 𝑦 𝑇₃ =  0,40indicate that, although there is some openness toward 

cultural inclusion, this is manifested in an inconsistent and superficial manner. 

The main weakness of this model lies in its high levels of (𝐼 =  0,40)cultural indeterminacy and ten-

sion (IF = 0.35), which suggests that students regularly experience identity conflicts when faced with 

conflicting demands between their cultural values and school expectations. This phenomenon is partic-

ularly evident in situations where the Shuar language is tolerated but not valued, generating ambiguity 

regarding the legitimacy of one's own cultural expression. 
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3. Monocultural urban education system 
 

Monocultural urban context represents the greatest distance from the neutrosophic ideal ( dC = 

0.6597), characterized by the almost total absence of Shuar cultural elements in the educational process. 

The extremely low values in the truth components (T₁ = 0.25, T₂ = 0.20, T₃ = 0.15) and the high levels of 
falsehood (F₁ = 0.80, F₂ = 0.75, F₃ = 0.85) reveal a system that operates from completely homogenizing 
paradigms . 

Paradoxically, this context presents the highest values of truth-tending indeterminacy (IT = 0.70), 

suggesting that Shuar students develop intense strategies of cultural negotiation as an identity survival 

mechanism . However, these processes of cultural resistance are accompanied by very high levels of 

identity confusion (I = 0.60) and cultural tension (IF = 0.65), indicating that adaptation to the urban con-

text entails significant emotional and cultural costs. 

Implications for intercultural educational theory 

The results obtained through the application of neutrosophic n- alectics demonstrate the usefulness 

of this methodology in overcoming the limitations of traditional educational analyses, which are based 

primarily on simple dichotomies between Western and Indigenous education. The incorporation of the 

indeterminacy (I) component has made it possible to accurately model the ambiguities inherent in iden-

tity construction processes in multicultural educational contexts, particularly with regard to the tension 

between cultural preservation and adaptation to formal educational demands. 

Deconstruction of traditional pedagogical dichotomies 

 

Alectic analysis has revealed that the classic opposition between traditional education and intercul-

tural education is insufficient to characterize the complexity of identity processes in Shuar contexts. The 

gradation of values in the components T (truth), I (indeterminacy), and F (falsehood) allows us to visu-

alize an "educational continuum" that encompasses different degrees of cultural inclusion and modali-

ties of identity resistance . 

The n-alectical structure (𝑇1, 𝑇2, 𝑇3;  𝐼𝑇 , 𝐼, 𝐼𝐹;  𝐹1, 𝐹2, 𝐹3)has allowed us to capture the complexity of cur-

rent educational processes, where seemingly contradictory elements coexist within the same system. 

For example, in the context of public schools, the partial recognition of ancestral narratives (T₁ = 0.60) 
coexists with the linguistic imposition of Spanish (F₃ = 0.40), generating spaces of uncertainty that stu-
dents must constantly navigate. 

Modeling cultural resistance strategies according to pedagogical contexts 

 

A significant finding is the correlation between the effectiveness of the educational system in con-

structing identity and its ability to integrate Shuar cultural elements in a coherent and systematic man-

ner. The results suggest that there is no single model for intercultural education; rather, effectiveness 

depends on the balance between cultural recognition and the practical implementation of this recogni-

tion in everyday pedagogical processes. 

The case of the community school demonstrates that an integral approach, with high values in all 

components of truth (T₁, T₂, T₃) and low levels of pure indeterminacy (I = 0.20), can generate optimal 
conditions for identity affirmation . This finding resonates with the Shuar worldview of balance be-

tween spiritual forces, where harmony is achieved through the coherent integration of all elements of 

the cosmological system. 
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Generation of adaptive pedagogical guidelines based on neutrosophic logic 

 

The main contribution of this study lies in the proposal of a model of intercultural education that 

overcomes the reductionism of traditional pedagogical approaches. The results demonstrate that the 

most effective educational contexts for Shuar identity construction are those that integrate multiple di-

mensions of cultural experience, recognizing both the importance of transmitting ancestral knowledge 

and the need to develop skills for interaction with the Western world. 

The proposed "neutrosophic educational dialogue" model is based on three fundamental principles 

derived from n- alectic analysis : 

1. Principle of dynamic narrative integration : Educational processes must systematically and 

value the Shuar ancestral narratives, not as folkloric elements but as valid knowledge sys-

tems that complement Western knowledge. 

2. Principle of linguistic legitimacy : The Shuar language must be recognized and used as a 

valid language of instruction, especially in the explanation of concepts related to worldview 

and ancestral territory. 

3. Principle of active community participation : Educational processes should facilitate the 

regular participation of wise men, elders and community leaders as co -educators, recogniz-

ing their epistemic authority in the transmission of cultural knowledge. 

These principles, empirically derived from comparative analysis, provide a solid basis for redesign-

ing pedagogical practices in intercultural contexts, overcoming the limitations of traditional approaches 

based exclusively on superficial curricular adaptation. 

Limitations and future lines of research 

 

It is important to acknowledge that this study presents certain methodological limitations. First, the 

assignment of values to the neutrosophic components entails an inevitable degree of subjectivity, alt-

hough this has been mitigated through the systematic application of ethnographic criteria and source 

triangulation. Second, the analysis focused on three specific educational contexts in the Ecuadorian Am-

azon region, which limits the generalization of the results to other Shuar territories or Amazonian In-

digenous peoples. 

Future research could broaden the range of contexts analyzed, incorporating Shuar schools from 

other geographic regions and comparing them with the educational systems of other indigenous com-

munities to gain a more comprehensive perspective. A longitudinal analysis examining the evolution 

of students' cultural identities throughout their educational trajectory would also be valuable, allowing 

for the identification of critical moments in the identity- building process . 

Another promising avenue would be the application of neutrosophic n- alectics to the analysis of 

specific cases of identity conflict , examining how Shuar students resolve tensions between cultural de-

mands and educational expectations in specific situations. This would allow for the refinement of the 

"neutrosophic educational dialogue" model and provide concrete tools for its practical implementation 

in diverse pedagogical contexts. 

4. Conclusion 

 

The results of this study demonstrate that neutrosophic n- alectics constitutes an innovative and 

effective analytical tool for understanding the complex dynamics of identity construction in intercul-

tural educational contexts. The comparative analysis of the three educational contexts reveals that the 
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effectiveness of Shuar identity affirmation depends not only on declarations of intercultural principles, 

but also on the coherent and systematic implementation of pedagogical practices that recognize and 

value ancestral knowledge. 

The most significant finding is that the intercultural community educational context ( dA = 0.1087) 

considerably outperforms the other models in terms of proximity to the neutrosophic ideal, not because 

it completely eliminates cultural tensions, but because it manages them constructively, transforming 

spaces of indeterminacy into opportunities for mutual enrichment between knowledge systems. 

identity protection" model that emerges from this analysis suggests that the most effective education 

systems are those that operate from a logic of complementarity, similar to the Andean concept of 

Yanantin , where seemingly opposing elements are integrated into dynamic and balanced configura-

tions. In the Shuar case, this is manifested in the harmonious integration of ancestral narratives (T₁), 
valued use of their own language (T₂), and active community participation (T₃). 

The theoretical implications of these findings transcend the scope of intercultural education, sug-

gesting that neutrosophic n- alectics can be effectively applied in other contexts where diverse cultural 

systems coexist. This methodology's ability to model indeterminacies (IT, I, IF) as legitimate and neces-

sary components of social processes, rather than as deficiencies to be eliminated, opens up new perspec-

tives for the analysis of complex multicultural phenomena. 

Finally, this study contributes both to the theoretical strengthening of intercultural studies and to 

the practical transformation of educational contexts. The pedagogical guidelines derived from n- alectic 

analysis —dynamic narrative integration, linguistic legitimacy, and active community participation—
offer concrete paths for the design of educational practices that favor the construction of solid cultural 

identities and the preparation of Indigenous students to successfully navigate multicultural contexts, 

preserving their ancestral cultural richness while developing skills for interaction with the contempo-

rary world. 
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