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Resumen. En el contexto contemporaneo de la educacion, el analisis neutroséfico PEST-SWOT emerge como una poderosa he-
rramienta para desentrafiar los complejos entramados de la inteligencia artificial como metodologia activa. Este enfoque no s6lo
pretende evaluar las amenazas y oportunidades potenciales (como lo haria un analisis DAFO convencional), sino que también
incorpora la perspectiva neutrosofica para abordar las incertidumbres inherentes. En este sentido, la inteligencia artificial no se
percibe simplemente como un avance tecnolégico lineal, sino como un catalizador disruptivo que redefine tanto los paradigmas
pedagogicos como las dindmicas de aprendizaje. Desde la perspectiva neutroséfica, se considera la coexistencia de elementos
verdaderos, falsos e indeterminados en las evaluaciones de impacto, proporcionando asi un marco mas holistico y reflexivo para
comprender como se transforma la educacion bajo la influencia de la 1A. Este andlisis no se limita a sopesar los puntos fuertes y
débiles de la integracion de la IA en la educacion, sino que también explora como interactlian estas tecnologias con factores externos
como las cambiantes politicas educativas y la evolucion de las expectativas sociales y econémicas. En consecuencia, el enfoque
neutrosofico de PEST-SWOT permite una evaluacién mas matizada y multidimensional, reconociendo la naturaleza dindmica 'y a
menudo contradictoria de los impactos educativos de la IA. Esta metodologia no s6lo invita a considerar las oportunidades de
mejora en la personalizacién del aprendizaje y la eficiencia educativa, sino que también destaca la necesidad critica de gestionar
los riesgos asociados, como la privacidad de los datos y la equidad en el acceso tecnoldgico. En resumen, este estudio refleja un
esfuerzo por ir més alla de las dicotomias simplistas y abarcar la complejidad inherente a la transformacién educativa impulsada
por la inteligencia artificial.

Palabras clave: Inteligencia Artificial, Analisis DAFO, Analisis PEST, Ntmeros de Valor Unico Neutrosofico, Ana-
lisis PEST-DAFO Neutrosdfico.

Abstract. In the contemporary context of education, PEST-SWOT neutrosophic analysis emerges as a powerful tool to unravel
the complex intertwinings of artificial intelligence as an active methodology. This approach not only seeks to assess potential
threats and opportunities (as a conventional SWOT analysis would), but also incorporates the neutrosophic perspective to address
inherent uncertainties. In this sense, artificial intelligence is not perceived simply as a linear technological advance, but as a dis-
ruptive catalyst that redefines both pedagogical paradigms and learning dynamics. From the neutrosophic perspective, the coexist-
ence of true, false and indeterminate elements in impact evaluations is considered, thus providing a more holistic and reflective
framework to understand how education is transformed under the influence of Al. This analysis is not limited to weighing the
strengths and weaknesses of Al integration in education, but also explores how these technologies interact with external factors
such as changing educational policies, evolving social and economic expectations. Consequently, PEST-SWOT's neutrosophic
approach allows for a more nuanced and multidimensional assessment, recognizing the dynamic and often contradictory nature of
Al's educational impacts. This methodology not only invites consideration of opportunities for improvement in learning personal-
ization and educational efficiency, but also highlights the critical need to manage associated risks, such as data privacy and equity
in technological access. In summary, this study reflects an effort to move beyond simplistic dichotomies and embrace the complex-
ity inherent in educational transformation driven by artificial intelligence.

Keywords: Artificial Intelligence, SWOT Analysis, PEST Analysis, Neutrosophic Single VValue Numbers, Neutro-
sophic PEST-SWOT Analysis.
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1 Introduction

The influence of artificial intelligence (Al) in the educational field has triggered a revolution that reconfigures
traditional teaching and learning methods. In a scenario where technology advances by leaps and bounds, Al stands
not only as a set of sophisticated tools, but as a transformative force capable of redefining the entire educational
experience [1]. This phenomenon manifests itself in various forms, from intelligent tutoring systems to adaptive
learning platforms, each contributing significantly to the personalization of the educational process. Implementing
Al in education poses an unprecedented challenge and opportunity. On the one hand, it offers the potential to per-
sonalize learning on a scale previously unimaginable, adapting to the individual needs of each student with a preci-
sion and efficiency that traditional methods cannot match. On the other hand, it introduces a series of ethical and
practical considerations that require thorough evaluation to ensure that the benefits of these technologies are distrib-
uted equitably and responsibly [2]. In the academic context, the role of Al as an active teaching method not only
changes the “what” is taught, but also the “how” it is taught. The ability of Al-based systems to analyze large vol-
umes of data and generate precise elements allows for continuous adaptation of content and pedagogical methods,
dynamically responding to the needs and learning rhythms of students. This approach, which we could call "smart
education”, promises to transform the classroom into a more interactive and adaptive environment.

Furthermore, the influence of Al on education covers a broad spectrum, from the development of innovative
teaching resources to the improvement of assessment strategies. Al-based tools can facilitate a more objective and
detailed assessment of student progress, providing real-time feedback and allowing for more timely intervention.
This ability to adjust educational strategies based on individual performance and needs represents significant pro-
gress toward more inclusive and effective education. However, integrating Al into the educational environment also
poses considerable challenges. Data privacy and security, equity in access to these technologies, and the risk of over-
reliance are critical aspects that must be addressed seriously. As educational institutions and educational policy
makers face these challenges, it is critical to take a balanced approach that maximizes the benefits of Al while
mitigating its potential risks [3]. The adoption of active methodologies driven by Al also implies a reconfiguration
of traditional roles in the classroom. Teachers, instead of being mere transmitters of knowledge, become facilitators
and guides in a more dynamic and personalized learning environment. This evolution in pedagogical roles under-
scores the need for continuous training and adaptation by educators to fully leverage the capabilities of Al.

The impact of Al on education is not uniform; varies significantly depending on the context in which it is applied.
Differences in technological infrastructure, teacher preparation, and access to resources can influence the effective-
ness and reach of Al applications in different educational settings. Therefore, it is crucial to consider these variables
when evaluating the impact of Al in education, adapting technological solutions to the specific realities of each
institution [4]. Furthermore, the analysis of how Al acts as an active method in education must consider not only the
technological dimensions, but also the social and cultural ones. The way Al is perceived and accepted by students,
teachers and parents can influence the effectiveness of its implementation. Therefore, a holistic approach that con-
siders these dimensions is essential for the successful integration of Al in educational systems. In summary, the
influence of artificial intelligence as an active method in education represents a fascinating and multifaceted field of
study. The combination of technological advances with changes in pedagogical methodologies opens a new horizon
of possibilities, but also requires critical reflection on the challenges and opportunities that this transformation en-
tails. As we enter this era of educational innovation, it is imperative to continually evaluate the impact of Al and
adapt our strategies to ensure that the future of education is inclusive, equitable and enriching for all involved [5].

2 Related Works.
2.1. Artificial Intelligence (Al).

Artificial intelligence (Al) has emerged as one of the most significant technological developments of the modern
era, bringing with it a series of profound transformations in numerous sectors. From its beginnings as a simple
academic curiosity to its current position as an engine of innovation in industries as diverse as health, education and
the economy, Al has proven to be a tool of unprecedented disruptive capacity. The essence of Al lies in its ability
to simulate human cognitive processes, such as learning and decision-making, using complex algorithms and math-
ematical models. This capability not only redefines our expectations about what machines can do, but also raises
fundamental questions about the very nature of intelligence and creativity [6].

The impact of Al on contemporary society is undeniable and multifaceted. On the one hand, it has driven notable
advances in areas such as personalized medicine, where Al systems can analyze large amounts of data to predict
diseases and suggest more effective treatments. This type of applications not only promises to improve the quality
of life by offering more precise diagnoses and more specific treatments, but also raises a reflection on the limits of
technological intervention in such intimate aspects of the human experience. The promise of Al to provide solutions
to complex problems often clashes with the ethical challenge of ensuring that these solutions are accessible and
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equitable [7]. In the workplace, Al presents an intriguing paradox: while it promises to increase efficiency and
productivity, it also poses the risk of job displacement. Al-powered automation has the potential to perform repetitive
and dangerous tasks with unmatched accuracy and speed, potentially freeing humans to focus on jobs that require
creative and problem-solving skills. However, this change may also result in significant labor market dislocation,
requiring a re-evaluation of employment and training policies to prepare the workforce for emerging demands.

Another crucial aspect in the discussion about Al is its influence on privacy and security. As Al systems become
integrated into our daily lives, from online product recommendations to surveillance in public spaces, the amount of
personal data collected and processed has increased exponentially. This accumulation of data raises serious concerns
about the security and misuse of information, underscoring the need to strengthen data protection regulations and
ensure that technological advances do not compromise the fundamental rights of individuals [8]. In terms of ethics,
Al challenges our traditional conceptions of responsibility and decision-making. The increasing autonomy of ma-
chines raises questions about the attribution of responsibility in the event of errors or malfunctions. If an Al system
makes a mistake that results in harm or harm, who should be held responsible? This dilemma not only challenges
our current legal structures, but also demands deeper reflection on how we assign and share responsibility in an
environment increasingly mediated by technology.

Additionally, Al has the potential to transform education by delivering personalized and adaptive learning expe-
riences. Al-based tutoring systems can analyze students' progress in real time, adjusting content and pedagogical
strategies to suit their individual needs. However, this technology also raises questions about the quality of human
interaction in the educational process and whether over-reliance on automated systems could reduce the role of the
educator to mere technical facilitators. The influence of Al on strategic decision-making also deserves detailed anal-
ysis. In the business arena, Al algorithms can process large volumes of data to identify patterns and forecast trends,
thus offering a significant competitive advantage. However, blind trust in these systems can lead to erroneous deci-
sions if the algorithms are biased or poorly designed [9]. This risk underscores the importance of combining Al
analysis with human intuition and judgment to make more balanced and fair decisions. As we move toward deeper
integration of Al into all aspects of life, the question of equity becomes central. Accessibility to advanced technol-
ogies can exacerbate existing inequalities if only a portion of the population has access to the benefits of Al. It is
therefore essential that public policies and research efforts focus on ensuring that Al serves all sectors of society,
promoting a fair distribution of resources and opportunities.

On the other hand, the continued development of Al requires interdisciplinary collaboration and constant review
of its impacts. Advances in Al must be accompanied by constant dialogue between technicians, ethicists, legislators
and society in general to address emerging challenges and ensure that technological evolution aligns with human
values and needs. This comprehensive approach is crucial to maximizing the benefits of Al while mitigating its
potential risks. Finally, although Al offers a promising horizon of possibilities, it is also vital to maintain a critical
and reflective attitude. The fascination with technological advances should not blind us to the challenges and dilem-
mas that Al poses. The integration of artificial intelligence into our lives must be guided by a balance between
innovation and ethical consideration, ensuring that it ultimately serves to enrich and elevate the human experience
rather than dilute it. In this era of change, the ability to navigate these challenges will define how artificial intelli-
gence can become a positive and transformative force in our society [10].

2.2. SWOT Analysis.

SWOT analysis, also known as SWOT (Strengths, Weaknesses, Opportunities, Threats), is a strategic tool widely
used to evaluate the current situation of an organization, project or specific phenomenon. This analysis provides a
framework to identify and understand the strengths, weaknesses, opportunities and threats that can impact the suc-
cess of an entity or initiative. Below is a detailed description of each component of the SWOT analysis [11]:

Strengths.

Strengths refer to the internal, positive characteristics that give the organization or project a competitive ad-
vantage. These may include aspects such as:

Unique resources: Availability of advanced technology, highly qualified human capital, or a strong network of
contacts.

Distinctive competencies: Specialized skills or efficient processes that outperform competitors.

Reputation and brand: A solid image in the market that generates trust among clients and partners.

Innovation: Ability to develop new products or services that respond to market demands.

Identifying strengths allows an organization to leverage its competitive advantages and build on its core capa-
bilities to maximize performance.
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Weaknesses.

Weaknesses are internal aspects that present disadvantages and limitations, preventing optimal performance or
the achievement of objectives. These may include:

Insufficient resources: Lack of funding, obsolete technology or insufficient staff.

Inefficient processes: Operating procedures that generate bottlenecks or frequent errors.

Negative brand image: Reputation problems or an unfavorable perception among customers and partners.

Lack of innovation: Inability to adapt to new trends or technologies.

Recognizing weaknesses allows an organization to proactively address these issues, developing strategies to
mitigate or overcome them.

Opportunities.

Opportunities are external factors that can benefit the organization or project if properly exploited. These may
include:

Market trends: Changes in consumer preferences or market conditions that can be exploited.

Technological development: Technological advances that can be used to improve products or processes.

Regulatory changes: New policies or regulations that create a favorable environment for growth.

Geographic expansion: New markets or regions that represent growth opportunities.

Identifying opportunities allows an organization to focus its efforts on areas that can generate growth and success,
adapting to a dynamic environment.

Threats.

Threats are external factors that can put the performance or success of the organization or project at risk. These
may include:

Competition: New competitors or aggressive moves by existing companies that can reduce market share.

Changes in legislation: New regulations or laws that may increase costs or restrict operations.

Adverse economic conditions: Recessions, fluctuations in input prices, or economic crises that affect financial
stability.

Natural Disasters: Unexpected events such as natural disasters that can disrupt operations or supply chains.

Analyzing threats allows an organization to prepare to face potential challenges and develop contingency plans.

Application of SWOT Analysis

SWOT analysis is applied through the collection of relevant information, team discussion and evaluation of each
of the four components. It is often used in strategic planning to develop strategies that maximize strengths, minimize
weaknesses, exploit opportunities, and mitigate threats [12].

Application Example:

Let's imagine a technology company that wants to launch a new product. Using SWOT analysis, you could
identify that your strength is innovative technology, your weakness is the lack of marketing staff, your opportunity
is the growing demand for technological solutions, and your threat is strong competition in the market [13]. With
this information, the company could develop a strategy that uses its strength in technology to compete in the market,
while working to improve its marketing team and develop strategies to face competitors. In summary, SWOT anal-
ysis is a valuable tool for strategic evaluation, offering a comprehensive view that helps organizations plan more
effectively and adapt to a constantly changing environment.

2.3. PEST Analysis.

PEST (Political, Economic, Social and Technological) analysis is a strategic tool used to identify and evaluate
external factors that can influence the functioning of an organization or project. Unlike SWOT analysis, which fo-
cuses on internal and external factors specific to the entity being analyzed, PEST provides a macro perspective that
examines the overall environment in which it operates. Below is a detailed description of each component of the
PEST analysis [14]:

Politician (P)

The political environment encompasses the influences and decisions of governments and public policies that
may affect the organization or project. Political factors include:

Regulations and Legislation: Laws and regulations that affect the operation, such as labor, environmental and
safety regulations.

Political Stability: The stability of the government and the possibility of political changes that may affect the
business environment.

Fiscal Policies: Policies related to taxes, subsidies and other economic measures that impact costs and profita-
bility.
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International Relations: International trade agreements and treaties that affect the ability to operate in global
markets.

Understanding the political environment allows organizations to anticipate and adapt to regulatory and policy
changes that may impact their strategy and operations.

Economical (E)

The economic environment refers to the factors that influence the economy in general and, therefore, business
activity. Economic factors include:

Economic Growth: The rate of GDP growth and the overall state of the economy, which affects the purchasing
power of consumers.

Inflation and Exchange Rates: Inflation levels and fluctuations in exchange rates that impact operating costs and
international competitiveness.

Interest Rate: Interest rates that affect the cost of financing and business investment.

Employment Trends: Employment and unemployment levels that affect labor availability and labor costs.

Analyzing the economic environment allows organizations to adjust their strategies based on economic condi-
tions and anticipate how economic changes may affect their performance.

Social

The social environment encompasses the trends and changes in society that can influence the organization or
project. Social factors include:

Demographics: Changes in demographic structure, such as age, population growth, and geographic distribution,
that affect demand for products and services.

Lifestyles: Changes in consumer preferences and behaviors, such as trends towards sustainability or responsible
consumption.

Education and Training: Levels of education and training that affect the availability of skilled labor and employee
expectations.

Culture and Values: Cultural changes and social values that can influence customer expectations and preferences.

Understanding the social environment helps organizations align their offerings with societal demands and ex-
pectations, as well as anticipate changes in consumer preferences.

Technological (T)

The technological environment refers to advances and changes in technology that can affect the functioning and
competitiveness of the organization. Technological factors include:

Innovation and Development: Technological advances and new innovations that can offer opportunities to im-
prove products, processes and services.

Automation: The adoption of automation technologies that impact operational efficiency and cost reduction.

Research and Development: Investments in R&D that boost an organization's ability to develop new solutions
and remain competitive.

Technological Infrastructure: Availability and quality of technological infrastructure, such as networks and com-
munication systems, that affect the ability to operate effectively.

Analyzing the technological environment allows organizations to identify opportunities to innovate and adapt to
technological advances, maintaining their competitiveness in a constantly evolving market.

Application of PEST Analysis

PEST analysis is applied through the collection and evaluation of relevant information on each of the four factors.
It is often used in strategic planning to understand the external environment in which the organization operates,
facilitating the identification of opportunities and threats that can influence its success [15].

Application Example:

Let's imagine a technology company that is considering expanding into a new market. Using PEST analysis, the
company could identify that the political environment of the new market is stable, but with strict regulations on data
privacy. Economically, the country has a high growth rate and low inflation, which is favorable for investment.
Socially, the population is rapidly adopting new technologies and is highly educated, which represents an oppor-
tunity for the company. Technologically, the market has an advanced infrastructure, which will facilitate the imple-
mentation of its products. With this information, the company can develop a strategy that takes advantage of new
market opportunities while preparing to comply with local regulations. In summary, PEST analysis is a valuable
tool for evaluating the macroeconomic and strategic environment in which an organization operates. It provides a
comprehensive vision that helps companies anticipate changes and adapt their strategies to maximize their success
in a dynamic and constantly evolving context [16].
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2.4. Basic concepts about Neutrosophia.

Unlike traditional PEST-SWOT methods, in this work the evaluations are carried out based on Triangular Neu-
trosophic Numbers of Single Value. Below are the fundamental explanations on this topic.

Definition 1 ([17]) : The neutrosophic set Nis characterized by three membership functions, which are the truth
membership function T,, the indeterminacy membership functionl, and membership function to falsehood F,,
where Uis the Universe of Discourse and VxeU, Ta(x), 15 (%), FAo(x)<]70,1*[, and 70<inf T,(x) + infl,(x) +
inf F5(x) <sup Ta(x) + sup [,(x) + sup F(x) <3*.

See that by definition, T, (x), Ix(x)and F, (x)are standard or non-standard real subsets of ] 70, 1*[and, therefore,
Ta (%), [a(x)and F, (x)can be subintervals of [0,1]. 70and1™ They belong to the set of hyperreal numbers.

Definition 2 ([17]) : The single-valued neutrosophic set F: U—[0, 1](SVN N ) Ais U, To: U—[0, 1Jwhere A =
{< %, Ta(x), [a(x), FA(x) > :xeU}and [,: U—[0,1]. 0 <Tp(x) + [4(X) + FA(x)< 3.

The single-valued neutrosophic number (SVN N) is symbolized by

= (t,i,f), such that 0 <t,i,f<land 0 <t +i + f<3.

Definition 3 ([17]) : The single- 3 = ((a, a,. a3); a5, B3, Ya)valued triangular neutrosophic number , , is a neu-
trosophic set in R, whose membership functions of truth, indeterminacy and falsity are defined as follows:
ai(%),alsxsaz
aa,x:az
s

0, otherwise

T,(x) = 1)

), ap<xs<ag

((a2=x+Ba(x-a1))
az—a;
L) = { P X =2z @

—ay+B5(az—
(x—az+Bs(az X)),32<XS33
az—az

1, otherwise

+va(x-a1)
(- Xazyaj al)' a; =Xx<a
X=a
Fa(x) =4 & ~ 2 ®)

,ap <X < a,

x—ap+yz(az—x
(x—az+yz(az—x)) A, <X <ay
az—az

1, otherwise
Where a3, B3,v5 € [0,1],21, a5,a3 € Rand a; < a, < as.

Definition 4 ([17]) : Givena = ((a;,a,,a3); o3, Ba, Ya) andb = ((by, by, b3); o, B, vg) two triangular neutro-
sophic numbers of a single value andA any non-zero number on the real line. Then, the following operations are
defined:

1. Addition: 3 + b = ((a; + by, a, + by, a3 + b3); az A ag, Ba V Bg va V V),
2. Subtraction: @ — b = ((a; — bz, a, — by, a3 —by); 05 A ag, Ba V B, Ya V Vi)
3. Investment: 371 = ((a3~%, a7, a;71); a5, B, va), Where ag, a,, a3 # 0.

4. Multiplication by a scalar number:

A\ = {((7\31;7\32;7\33)1 Oz, Ba, Yah A >0
<()\331 )\3217\31); aﬁl Bé! Yﬁ):)\ < 0

5. Division of two triangular neutrosophic numbers:

4; dz a3
<<b3 'b,"b, ) oz A ag, BV B YaVYp),as > 0andbs >0

a az a, a
£= ((bz bz bi) az Aag, BaVBgYaVYys),az <0andbz >0

d3 a; a;
<(b1 b, bs ) oz Ao, BV Bp vaVYp),as <Oandbs <0
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6. Multiplication of two triangular neutrosophic numbers:

((aiby,azb;,a3b3); a5 A ag, Ba V Bg, ¥a V ¥g) az > 0and by >0
ab =< ((a;bs,a;bz,a3by); 05 A ag, B3 V B, va V V) as < 0and by > 0
((azbz, azby,a1by); 05 Aag, Ba V Bg vaVYg)has <0andby; <0

Where,A It's a normv It is a conorm t.
3. Results and Discussion.

The study is carried out on the factors of artificial intelligence that influence as an active method in education.
For this purpose, experts on the subject and specialized literature were consulted. In this way the following factors
were identified:

Personalization of Learning:

Al can adapt content and teaching methods based on each student's individual needs and progress. By analyzing
data on learner performance and preferences, Al systems deliver personalized learning materials that optimize un-
derstanding and retention of information.

Smart Tutoring:

Al-based tutoring systems provide personalized support to students, answering questions, explaining concepts,
and offering real-time feedback. This allows students to receive constant help without relying exclusively on the
teacher's instructional time.

Predictive Performance Analysis:

Al can analyze historical and current data to forecast future student performance, identifying areas where they
might need additional help. This predictive ability allows educators to proactively intervene to address problems
before they significantly impact academic performance.

Evaluation Automation:

The marking and evaluation of tests, essays and exams can be automated using Al, reducing the workload for
teachers and offering faster and more consistent feedback to students. Al systems can evaluate open-ended responses
and provide detailed performance analysis.

Creation of Educational Content:

Al can assist in the creation of educational materials, from the generation of interactive exercises to the devel-
opment of multimedia resources. This not only speeds up content development, but also allows for greater variety
and creativity in learning materials.

Adaptive Learning:

Adaptive learning systems, powered by Al, adjust the pace and difficulty level of exercises based on the student's
responses. This ensures that each student receives challenges appropriate to their skill level, facilitating more effec-
tive and personalized learning.

Virtual Assistants for Students:

Al-based chatbots and virtual assistants provide ongoing support to students, answering frequently asked ques-
tions, guiding them through learning platforms, and offering academic guidance. These assistants are available 24
hours a day, making it easy to access information at any time.

Facilitation of Collaboration:

Al can foster collaboration among students by identifying peers with complementary skills and creating work
groups that maximize collaborative learning. Additionally, you can mediate group interactions, providing sugges-
tions and resources to improve team dynamics.

Inclusion and Accessibility:

Al systems can offer additional support to students with special needs, such as text-to-speech, automatic closed
captioning, and accommodations for students with disabilities. This improves accessibility and ensures that all stu-
dents can fully participate in the educational process.

Evaluation and Continuous Improvement of Educational Programs:

Al facilitates continuous evaluation of the effectiveness of educational programs by analyzing data on student
performance and the quality of learning materials. This analysis helps educators and administrators adjust and im-
prove programs to better align with educational objectives.

These factors highlight how Al not only acts as a support tool, but also actively transforms the educational
process, making teaching and learning more efficient, personalized and inclusive.

Developing a strategy to ensure a positive impact of artificial intelligence as an active method in education may
face several obstacles that require attention and consideration — The main obstacles to include are:
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Inequalities in Access to Technology:

Lack of access to appropriate technologies in some regions or schools may limit the effective implementation of
Al-based tools. This creates a digital divide that can exacerbate existing educational inequalities, where only certain
groups of students benefit from technological innovations.

Privacy and Data Security:

The collection and storage of personal student data raises serious privacy and security concerns. Security
breaches and misuse of information can compromise trust in Al tools and violate fundamental rights.

Technological Dependency:

An excessive focus on technology can lead to a dependency that displaces the critical role of educators. If Al
becomes the primary means of instruction, it can reduce human interaction and pedagogical judgment, key aspects
in the educational process.

Bias in Algorithms:

Al systems can perpetuate and amplify existing biases if algorithms are trained on biased data. This can result in
unfair recommendations and evaluations that negatively impact certain groups of students, exacerbating inequalities
rather than resolving them.

Lack of Training for Educators:

Teachers may not be sufficiently trained to use Al tools effectively. Lack of training and support can limit edu-
cators' ability to integrate Al into their teaching methods and fully reap its benefits.

Costs and Financial Resources:

Implementing Al solutions can be expensive and require significant investment in infrastructure, software, and
training. For many educational institutions, especially those with fewer resources, these costs can be prohibitive and
limit the adoption of Al-based technologies.

Curriculum Adaptation Problems:

Integrating Al into the curriculum can be complex and require significant adjustments to existing curricula. Dif-
ficulties in adapting content and teaching methods can hinder the effective implementation of Al tools.

Resistance to change:

Resistance on the part of educators, administrators, and students toward new technologies can be a significant
obstacle. Conservative attitudes and lack of trust in Al can hinder its adoption and effective use in the educational
environment.

Impact on Social Interaction:

Overreliance on Al can reduce opportunities for social interaction and the development of soft skills, such as
communication and collaboration. These skills are crucial for the overall development of students and can be com-
promised if Al replaces too much human interaction.

Ethical and Regulatory Challenges:

The lack of clear ethical and regulatory frameworks for the use of Al in education can lead to issues related to
equity, transparency and informed consent. The absence of adequate guidelines can lead to uncertainty and misun-
derstanding about the use and implications of Al in the educational environment.

These obstacles highlight the complexity and challenges associated with effectively implementing Al in educa-
tion. To ensure a positive impact, it is crucial to address these issues comprehensively and develop strategies that
promote equitable, safe and effective integration of technology.

Based on the PEST analysis, we can categorize the mentioned factors as threats and opportunities in relation to
the four components of this analysis.

Strengths

S 1: Personalization of Learning

Al allows content and teaching methods to be adapted to the individual needs of each student, optimizing their
understanding and retention of information. This not only improves the quality of learning, but can also cater to
students with different learning styles and paces.

S 2: Intelligent Tutoring

Al-based tutoring systems provide personalized support and real-time feedback, allowing students to receive
continuous and accurate help. This can complement the teacher's instruction and offer additional assistance that is
tailored to the student's specific needs.
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S 3: Evaluation Automation

The ability of Al to mark and evaluate tests in an automated manner lightens the workload of teachers and
provides fast and consistent feedback. This improves efficiency in assessment and allows teachers to focus more on
teaching and interacting with students.

Opportunities

O 1: Advances in Learning Personalization and Adaptation Technologies

Al offers opportunities to innovate in the personalization of learning, adapting educational content to the indi-
vidual needs and levels of students. This adaptability can significantly improve the effectiveness of the educational
process.

O 2: Creation of Innovative Educational Content

Al facilitates the creation of interactive and multimedia educational materials, promoting greater variety and
creativity in available resources. This can enrich the learning process and keep students more engaged.

O 3: Inclusion and Accessibility

Al-based tools can improve accessibility for students with special needs, offering accommodations such as text-
to-speech and automatic closed captioning. This ensures that education is more inclusive and accessible to all.

Weaknesses

W 1: Shortage of Training for Educators

Lack of adequate training for teachers in the use of Al-based tools may limit the effectiveness of these technol-
ogies in the classroom. Without proper training, educators may have difficulty integrating and effectively using these
tools.

W 2: Technological Dependency

The risk of over-reliance on technology can displace the critical role of teachers in education. If Al becomes the
primary method of instruction, it could reduce the human interaction and pedagogical judgment essential in the
educational process.

Threats

T 1: Privacy and Data Security

The collection and storage of students' personal data raises serious privacy and security concerns. Security
breaches or misuse of information can compromise trust in Al tools and violate fundamental rights.

T 2: Bias in Algorithms

Al can perpetuate biases present in the data used to train algorithms. This can result in unfair assessments and
recommendations that negatively impact certain groups of students, exacerbating inequalities rather than resolving
them.

T 3: Implementation and Maintenance Costs

Implementing Al solutions can be expensive and require significant investment in infrastructure, software, and
training. For many educational institutions, especially those with limited resources, these costs can be prohibitive.

This SWOT analysis shows how artificial intelligence offers important advantages and opportunities in the field
of education, such as personalization of learning and automation of assessments. However, it also presents signifi-
cant challenges, including privacy issues and the need for adequate training for educators. Addressing these obstacles
is crucial to ensuring that the implementation of Al in education is effective and beneficial for all students.

This structured analysis allows you to visualize in a clear and organized way the various factors that influence
artificial intelligence as an active method in education. , as well as the opportunities and challenges that arise in this
dynamic and technological context.

A team made up of eleven experts was in charge of analyzing various combinations between an external and an
internal factor. Each of them were asked to carry out evaluations using the linguistic terms detailed in Table 4.

Table 1. Linguistic terms for evaluations and their associated SVTNNs. See [14-17].

Linguistic Terms 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)
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Linguistic Terms SVTNN

Medium High ((5,7,9); 0.67,0.25,0.33)
(MDH)
Height (H) ((7,9,10);0.83,0.15,0.17)

Very high (VH) | ((9,10,10);0.00,1.00, 1.00)

Specifically, there are the following sets:
W= {Wl, Wz} denotes the set of Weaknesses,

S= {Sl,SZ,SS}denotes the set of Strengths,
T ={T,,T;, T3, T, T5, T, T, Jdenotes the set of Threats,
0= {01, 0,,05,0,, 05}denotes the set of Opportunities.

The steps are the following:

1. Each expert was asked to evaluate the possible combinations between the elements of SO, ST, WO and WT.

2. Linguistic terms are replaced by the equivalent single-valued triangular neutrosophic numbers (SVTNN) in
Table

3. Assingle SVTNN is obtained by calculating the median of the SVTNNSs of all experts for each pair of items.

4. The arithmetic mean of the SVTNN is calculated for each quadrant SO, ST, WO and WT.

5. The final result of each quadrant is converted to a crisp value using precision Equation 4. This converts them
into values on a numerical scale out of 10 that allows the results to be compared.

A@ =la; +a, + 5]+ —Ba+va) (4)
Tables 5, 6, 7 and 8 summarize the results obtained after applying the previous steps.

Table 2. Calculation results for the SW quadrant. The medians of all experts are shown.

Opportunities
0, 0, 0, 0, 05
Strengths | S h V.H. V.H. h h
S, V.H. h h h V.H
S3 h MDH h h h

Table 3. Calculation results for the ST quadrant. The medians of all experts are shown.

Threats
T, T, T, T, Ts T, T,
Strengths | §; MDVH V.H. MDVH MDVH V.H. V.H. VVH
S, h VVVH V.H. h h VVH h
S3 V.H. MDH h V.H. V.H. MDH V.H.
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Table 4. Calculation results for the WO quadrant. The medians of all experts are shown.

Opportunities

0, 0, 0; 0, 05
Wy MDH MDH MDH MDH MDH
Weaknes-
ses
W, MDH MDH MDH MDH MDH

Table 5. Calculation results for the WT quadrant. The medians of all experts are shown.

Threats
T, T, T; T, Ts T, T,
wy V.H. V.H. h V.H. h V.H. V.H.
Weak-
nesses
wy MDH MDH MDH MDH MDH MDH MDH

From Tables 5 to 8, we have the following results:

Potentials ( Opportunities+Strengths ): ((8.6468,9.2638,9.9813);0.58,0.55,0.63),
Risks ( Strengths+Threats ): ((5.5190,6.5814,9.8519); 0.58,0.25,0.33),
Challenges ( Weaknesses+Opportunities ) {(6,5,9); 0.58,0.35,0.13):

Limitations ( Weaknesses+Threats ): ((6.2,8.0,5.5); 0.55,0.43,0.51).

As a last step, these values are converted into a neat scale with a maximum of 10 using Equation 4. From here
we have the following results :

A@ =la; +a, + ;]2 + a—Ba+va) (4)

TO al a2 a3 a B Y
Potentials 9.2741 8.6468 9.2638 9.9813 |0.5800| 0.5500 0.6300
Risks 7.2991 5.5190 6.5814 9.8519 |0.5800| 0.2500 0.3300
Challenges 5.9000 6,0000 5,0000 9,0000 |0.5800| 0.3500 0.1300
Limitations 6.4764 6,2000 8,0000 5,5000 |0.5500| 0.4300 0.5100

Potentials ( Opportunities+Strengths ): 9.2741
Risks ( Strengths + Threats ): 7.2991.

Challenges ( Weaknesses + Opportunities ): 5.9000.
Limitations ( Weaknesses + Threats ): 6.4764.

A
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Figure 1. Calculation results for the WO quadrant.

A
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v
0,0000 2,0000 4,0000 6,0000 8,0000 10,0000

In the vast landscape of the integration of artificial intelligence (Al) in education, multiple dimensions are re-
vealed that deserve close scrutiny. The evaluation of Al factors allows us to classify these aspects into potentials,
risks, challenges and limitations, with the aim of developing a critical and huanced perspective on its implementation
and effectiveness. First of all, the analysis of the potentials shows an encouraging picture of the impact of Al on
education. With an outstanding score of 9.2741, it is evident that the combined strengths and opportunities suggest
a positive trend. Personalization of learning, a key strength, stands out as a powerful driver for adapting content to
the individual needs of students. This approach not only optimizes information retention, but also allows each student
to progress at their own pace, overcoming the limitations of the traditional approach and offering a truly personalized
educational experience.

Added to this is Al's ability to offer intelligent tutoring, another crucial strength that provides continuous support
and real-time feedback. This aspect effectively complements the teacher's instruction, offering students additional
and precise assistance that facilitates learning in specific areas. At the same time, automating assessments represents
a significant advance, easing the administrative burden on teachers and providing faster and more consistent feed-
back, which in turn allows for better time management and a more focused approach to teaching. The identified
opportunities further reinforce the positive outlook. The possibility of innovating in the personalization of learning
and creating interactive educational materials through Al highlights the ability of this technology to enrich the edu-
cational experience. Creating multimedia and adaptive content not only keeps students engaged, but also facilitates
an inclusive and accessible education for everyone, regardless of their special needs.

However, risk analysis reveals that, despite the promising benefits, there are significant challenges that should
not be ignored. The combination of strengths and threats gives a score of 7.2991, indicating that, although the ben-
efits are evident, the risks are also considerable. Concern for data privacy and security is paramount. Managing large
volumes of student personal data raises serious questions about information protection and the potential misuse of
this data, which can compromise trust in technology. Likewise, bias in algorithms is a worrying threat. Al systems
trained on biased data can perpetuate inequalities and lead to unfair evaluations. This situation not only affects
educational equity, but can also deepen existing gaps in the educational system.

Regarding challenges, the score of 5.9000 indicates that the combined weaknesses and opportunities show areas
for improvement. The shortage of training for educators emerges as a significant challenge. The effectiveness of Al
in the classroom depends largely on teachers' ability to integrate and use these tools. Without adequate training,
educators may face difficulties in effectively implementing technology, limiting its beneficial potential. Technolog-
ical dependence also presents itself as a considerable challenge. The risk of Al replacing human pedagogical judg-
ment is real and may reduce meaningful interaction between teachers and students. This situation puts at risk the
balance necessary for a comprehensive education that is not only based on technology, but also on human experience
and personal contact. Finally, the limitations reflect a score of 6.4764, showing that the combined weaknesses and
threats represent important barriers. Implementation and maintenance costs are a notable limitation, especially for
institutions with limited resources. The investment required to develop, implement and maintain Al systems can be
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prohibitive, creating a significant economic barrier to widespread adoption. In summary, the SWOT analysis of
artificial intelligence in education reveals a complex and nuanced picture. While the strengths and opportunities
suggest significant potential to improve the personalization and accessibility of learning, the associated risks and
challenges, such as privacy issues, algorithmic bias, and economic challenges, should not be underestimated. To
maximize the positive impact of Al in education, it is crucial to proactively address these challenges and balance
technological advances with careful consideration of their ethical and practical implications.

Conclusion

The integration of artificial intelligence (Al) in the educational field opens a horizon of promising possibilities,
transforming the way we conceive learning and teaching. The analysis carried out reveals that, despite the inherent
challenges, the strengths and opportunities provided by Al offer significant potential to revolutionize education.
Personalization of learning emerges as a key strength, allowing for meticulous adaptation of content to the individual
needs of each student. This approach not only optimizes the retention and understanding of information, but also
results in an educational experience adjusted to the pace and learning style of each student, thus overcoming the
limitations of traditional methods. In addition, intelligent tutoring, enabled by Al systems, strengthens the capacity
of educators by offering continuous support and real-time feedback. This personalized support complements the
teacher's instruction and provides additional assistance, especially in areas where the student may need reinforce-
ment. The automation of evaluations, for its part, will lighten the administrative burden on teachers, allowing faster
and more consistent feedback. This efficiency not only optimizes educators' time, but also contributes to more ef-
fective management of the educational process. However, the analysis of the risks associated with the implementa-
tion of Al in education should not be minimized. The score obtained suggests that, despite the obvious advantages,
the risks are equally significant. The privacy and security of student data emerge as primary concerns. Managing
large volumes of personal information poses serious challenges in terms of protection and ethical use of this data,
potentially compromising trust in Al tools. Additionally, bias in the algorithms used to train Al systems can perpet-
uate existing inequalities, resulting in unfair assessments and recommendations that can exacerbate educational gaps
rather than mitigate them.

The identified challenges underscore the urgent need to address the shortage of training for educators in the use
of Al-based tools. The effectiveness of technology in the classroom is closely linked to teachers' ability to adequately
integrate it into their pedagogical practice. Without adequate training, the implementation of these tools can be
compromised, limiting their positive impact. Furthermore, overreliance on technology poses a risk of crowding out
human pedagogical judgment, which can reduce meaningful interaction between teachers and students. Comprehen-
sive education requires a balance between technology and human experience, ensuring that the role of educators is
not undermined. Finally, financial constraints are a prominent barrier to widespread adoption of Al in education.
The costs associated with implementing and maintaining these technologies can be prohibitive, especially for insti-
tutions with limited resources. This economic reality poses a considerable challenge to the expansion and accessi-
bility of Al-based solutions, limiting their potential impact. In conclusion, while Al presents an unprecedented op-
portunity to enrich and personalize education, it is imperative to proactively address the associated risks and chal-
lenges. To maximize the positive impact of Al in education, technological advancement must be balanced with
careful consideration of its ethical, practical and economic implications. The successful integration of Al in educa-
tion will not only depend on its effective implementation, but also on the ability of the educational community to
adapt and manage these changes in an equitable and responsible manner.
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