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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.
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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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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=fMnPNI 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 V p2 V p3s V...V pp} (2)
where each p; 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 (©)

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),[_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-, 14]; and a falsehood membership function, FN: U — 10—, 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) 1(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 O<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]:

e T+I+F<1: Incomplete
e T+I+F=1: Complete
e 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 insufficiently 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.

Rewards

Development
of Reading
Habits

Corjunctural Causality Model

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:

e Implemented Game Elements (IGE): Incorporation of elements such as points, badges,
leaderboards, and challenges into reading activities.

e Applied Digital Technology (ADT): Use of applications, digital platforms, and electronic devices
facilitating gamified reading experiences.

e 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]:

A =1 = S[(1 = Ta(x)) + max {L(x), Fa(x)}] 5)
where:

UA(x) is the equivalent fuzzy membership function
T, (x) is the truth-membership function

14(x) is the indeterminacy-membership function
F,(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:
X min (X; Y;)

Consistency (Y; < X;) = v (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 (Y; < X;) = w ”

Where:

X;is the membership value of case i in the set of causal conditions.
Y;is 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 sufficient 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, sufficient 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 Applied Digital Immediate Reading
Elements (IGE) Technology (ADT) Feedback (IF) 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 Applied Digital Immediate Reading

Elements (IGE) Technology (ADT) Feedback (IF) 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 Applied Digital Immediate Reading
Elements (IGE) Technology (ADT) Feedback (IF) 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:

e 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.

e 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.

e 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.

e 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

e Applied Digital Technology (ADT) shows a consistency of 0.687462 and coverage of 0.634701,
with a combined average of 0.661081.

e Immediate Feedback (IF) has a consistency of 0.644228 and coverage of 0.678555, with a
combined average of 0.661391.

e 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

e 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.

Applied Digital
Technology

(ADT)

Immediate Implemented
Feedback
(IF)

= Stiong (2065)
——  Moderate (0.45-
—— Weak (<0.44)

Strength of Causal Pall]
64)

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.

References

[1]  Li, X, & Chu, S. K. W. (2021). Exploring the effects of gamification pedagogy on children’s reading:
A mixed-method study on academic performance, reading-related mentality and behaviors, and
sustainability. British Journal of Educational Technology, 52(1), 160-178.

[2]  Smarandache, F. (2024). Neutrosophy means: Common parts to uncommon things and uncommon
parts to common things. Infinite Study.

[3] Smarandache, F., Vazquez, M. Y. L., Cevallos-Torres, L., & Barco, L. J. L. (2025). Neutrosofia:
Origenes, aplicaciones y perspectivas en la logica contemporanea. Neutrosophic Computing and
Machine Learning, 37, 1-10.

[4] Alsawaier, R. S. (2018). The effect of gamification on motivation and engagement. The International
Journal of Information and Learning Technology, 35(1), 56-79.

[5]  Ragin, C. C. (2009). Redesigning social inquiry: Fuzzy sets and beyond. University of Chicago Press.

[6] Leyva Vazquez, M. Y., Ricardo, ]J. E., & Smarandache, F. (2024). Enhancing Set-Theoretic Research
Methods with Neutrosophic Sets. HyperSoft Set Methods in Engineering, 2, Article 96.

[71  Morin, E. (1992). From the concept of system to the paradigm of complexity. Journal of Social and
Evolutionary Systems, 15(4), 371-385.

[8] Reyes-Mercado, P., & Larios Hernandez, G. J. (2025). Digital enablers of entrepreneurial innovation:
fsQCA and NCA analysis. Journal of Organizational Effectiveness: People and Performance.

[9] Taipe, T. M., Quispe, J. R,, Villa, E. G, Saturnino, P. A. S., Paucar, E. C., & Konja, A. A. F. (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, 109-118.

Roger Martinez Isaac, Gladis Narciza Vargas Azuero, Maria Narcisa Carrillo Suarez, Elsy Rodriguez Revelo. Neutrosophic Causal
Analysis of Gamification Strategies for Promoting Reading Habits in Eighth-Grade Students



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 262
Worldviews: Toward a Sustainable Future (Workshop — March 18-21, 2025, Universidad Tecnoldgica
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(23]

Ragin, C. C. (2007). Fuzzy sets: Calibration versus measurement. Methodology volume of Oxford
handbooks of political science, 2.

Rutten, R. (2023). Uncertainty, possibility, and causal power in QCA. Sociological Methods &
Research, 52(4), 1707-1736.

Limo, F. A. F,, Tiza, D. R. H., Roque, M. M., Herrera, E. E., Murillo, J. P. M,, Huallpa, J. J., ... &
Gonzales, J. L. A. (2023). Personalized tutoring: ChatGPT as a virtual tutor for personalized learning
experiences. Przestrzen Spoteczna (Social Space), 23(1), 293-312.

Smarandache, F. (2025). Toward a new paradigm: Insights into neutrosophic philosophy. Gallup &
Guayaquil: Neutrosophic Science International Association Publishing House.

Morin, E. (1999). Organization and complexity. Annals of the New York Academy of Sciences, 879(1),
115-121.

Bodur, S., Topal, S., Giirkan, H., & Edalatpanah, S. A. (2024). A novel neutrosophic likert scale
analysis of perceptions of organizational distributive justice via a score function: a complete
statistical study and symmetry evidence using real-life survey data. Symmetry, 16(5), Article 598.
Troya Terranova, K. T., Mariscal Rosado, Z. M., & Chasiluisa Vera, M. N. (2023). Analisis de la
discrecionalidad en la potestad sancionadora de las infracciones tributarias en relacién a los
principios constitucionales de proporcionalidad e igualdad, utilizando encuestas y la Neutrosofia
para el andlisis de datos cualitativos. Neutrosophic Computing and Machine Learning, 27, 1-9.
https://doi.org/10.5281/zenod0.8145441

Smarandache, F. (2019). Neutrosophic set is a generalization of intuitionistic fuzzy set, inconsistent
intuitionistic fuzzy set (picture fuzzy set, ternary fuzzy set), pythagorean fuzzy set, spherical fuzzy
set, and g-rung orthopair fuzzy set, while neutrosophication is a generalization of regret theory, grey
system theory, and three-ways decision (revisited). Journal of New Theory, (29), 1-31.
Smarandache, F., Zhang, Y., & Sunderraman, R. (2009). Single valued neutrosophic sets. In
Neutrosophy: neutrosophic probability, set and logic (Vol. 4, pp. 126-129).

Robles, H. T. H., Lépez, M. T. C., & Espinoza, F. D. H. (2024). Analysis of the Evolution of Social
Competence in Students Through Research Methods Based on Neutrosophic Sets. Neutrosophic Sets
and Systems, 74, 24-36.

Fujita, T., & Smarandache, F. (2025). Local-Neutrosophic Logic and Local-Neutrosophic Sets:
Incorporating Locality with Applications. Multicriteria Algorithms With Applications, 6, 66-86.
https://doi.org/10.61356/j.mawa.2025.6457

Vazquez, M. L., & Smarandache, F. (2024). A Neutrosophic Approach to Study Agnotology: A Case
Study on Climate Change Beliefs. HyperSoft Set Methods in Engineering, 2, 1-8.

Smarandache, F. (2002). Neutrosophy, A New Branch of Philosophy. Multiple-Valued Logic, 8(3),
297.

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, 30, 34-44.

Rivera, E. S., & Garden, C. L. P. (2021). Gamification for student engagement: a framework. Journal
of Further and Higher Education, 45(7), 999-1012.

Van Roy, R., & Zaman, B. (2017). Why gamification fails in education and how to make it successful:
Introducing nine gamification heuristics based on self-determination theory. In Serious Games and

Edutainment Applications: Volume II (pp. 485-509).

Roger Martinez Isaac, Gladis Narciza Vargas Azuero, Maria Narcisa Carrillo Suarez, Elsy Rodriguez Revelo. Neutrosophic Causal
Analysis of Gamification Strategies for Promoting Reading Habits in Eighth-Grade Students



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 263
Worldviews: Toward a Sustainable Future (Workshop — March 18-21, 2025, Universidad Tecnoldgica
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

Fischer, H., Heinz, M., Schlenker, L., & Follert, F. (2016). Gamifying higher education. Beyond
badges, points and Leaderboards. In Workshop Gemeinschaften in Neuen Medien (GeNeMe) 2016
(pp- 93-104). TUDpress.

Li, L., Hew, K. F,, & Du, ]. (2024). Gamification enhances student intrinsic motivation, perceptions of
autonomy and relatedness, but minimal impact on competency: a meta-analysis and systematic
review. Educational Technology Research and Development, 72(2), 765-796.

Li, H., Majumdar, R., Chen, M. R. A, & Ogata, H. (2021). Goal-oriented active learning (GOAL)
system to promote reading engagement, self-directed learning behavior, and motivation in extensive
reading. Computers & Education, 171, Article 104239.

Sanchez, D. R., Langer, M., & Kaur, R. (2020). Gamification in the classroom: Examining the impact
of gamified quizzes on student learning. Computers & Education, 144, Article 103666.

Toda, A. M., Valle, P. H., & Isotani, S. (2017). The dark side of gamification: An overview of negative
effects of gamification in education. In Researcher links workshop: higher education for all (pp. 143-
156). Cham: Springer International Publishing.

Bitrian, P., Buil, I, & Catalan, S. (2021). Enhancing user engagement: The role of gamification in
mobile apps. Journal of Business Research, 132, 170-185.

Ragin, C. C. (2006). Set relations in social research: Evaluating their consistency and coverage.
Political Analysis, 14(3), 291-310.

Ragin, C. C. (2018). User's Guide to Fuzzy-Set/Qualitative Comparative Analysis 3.0. Department of
Sociology, University of California, Irvine.

Tarig, M. U. (2025). Gamification and Virtual Reality: Transforming Early Childhood Language
Learning. In Digital Pedagogy in Early Childhood Language Development (pp. 25-52). IGI Global
Scientific Publishing.

Sun, J., Zhang, X., & Leung, X. Y. (2025). More communication less information: Engage virtual
meeting attendees from a cognitive load theory perspective. Event Management.

Cale, D., Franco, A., Ferreira, J. C., & Rocha, J. (2024). Gamification system for eco-driving: Enhancing

driver motivation and fuel savings through game mechanics.

Received: December 28, 2024. Accepted: April 9, 2025.

Roger Martinez Isaac, Gladis Narciza Vargas Azuero, Maria Narcisa Carrillo Suarez, Elsy Rodriguez Revelo. Neutrosophic Causal
Analysis of Gamification Strategies for Promoting Reading Habits in Eighth-Grade Students



