International Journal of Combinatorial Optimization Problems and Informatics,
17(5), 2026, 183-194. ISSN: 2007-1558.
https://doi.org/10.61467/2007.1558.2026.v17i5.1300

www.editada.org

Generative Artificial Intelligence: Ethical challenges and pedagogical implications
in emerging educational contexts

Ana Paulina Alfaro Rodriguez!”, Ménica del Carmen Olivarria Gonzalez', Héctor Luis Lopez Lopez', Rosa Leticia
Ibarra Martinez!

' Facultad de Informatica Mazatlan, Universidad Auténoma de Sinaloa

E-mails: paulina.alfaro@uas.edu.mx, m.olivarria@uas.edu.mx, hector.lopezlopez@uas.edu.mx, lety.ibarra@uas.edu.mx

Abstract. Generative Artificial Intelligence (GAI) has rapidly transformed education = Article Info

by introducing new possibilities for personalized learning and pedagogical | Received: Jan 17, 2026
innovation. It has emerged as a powerful support system capable of information =, ccepted: Aug 1, 2026
processing and decision-making tasks in higher education. Unlike traditional

educational technologies, models such as ChatGPT enable dynamic interaction with

learners. Students engage with knowledge, complete academic tasks, and regulate

their performance. Building upon previous studies, this article incorporates an

expanded theorical framework, and a deeper ethical analysis of student perceptions

and emotions, emphasizing its role as a support tool in their learning processes. The

results suggest that while ChatGPT enhances efficiency, accessibility, and learner

autonomy, it also introduces significant risks related to overreliance, academic

integrity, and the loss of critical thinking skills. The study concludes that should be

integrated as an academic mediator, emphasizing the need for ethical guidelines and

pedagogical institutional redesign.
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1 Introduction

The integration of Artificial Intelligence into educational environments has accelerated rapidly. Particularly following the
widespread adoption of generative models based on large-scale optimization algorithms. Systems, such as ChatGPT, rely on
probabilistic modeling, deep neural networks, and high-dimensional optimization processes to generate contextually coherent
responses. From an informatics perspective, can be conceptualized as computational decision-support tools that assist users
in information retrieval, synthesis, and reasoning tasks. Previous studies have explored GAI as an emerging educational tool,
in higher education students increasingly employ it to optimize academic activities, reduce task completion time, and manage
cognitive load. The rapid advancement has marked a turning point in education worldwide. Unlike previous educational
technologies these systems, specifically large language models such as ChatGPT, can produce coherent, context-aware, and
human-like responses that directly influence students’ learning behaviors (Rudolph et al. 2023).

The technological shift has generated both enthusiasm and concern among educators and researchers. It has been examined
primarily as an emerging support tool for academic tasks. According to Garcia Pefialvo et al. (2024) requires a more
comprehensive analysis that considers pedagogical implications, ethical issues, and cognitive consequences. In new
educational contexts, where institutional resources and digital literacy vary significantly, its adoption represents additional
challenges related to equity and responsible use. This study expands on previous research by Alfaro Rodriguez et al. (2025)
analyzing new dimensions as: 1) Academic efficiency and task optimization; 2) Cognitive support and learning facilitation;
3) Ethical awareness and academic integrity; and 4) Perceived risks of dependency and overuse. Through an inferential
analysis of the following questions:

e How do students perceive the pedagogical value of GAI tools in higher education?
e  What cognitive, metacognitive, and ethical implications emerge from sustained use?
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e How can institutions integrate them responsibly while preserving academic integrity and critical thinking?

Currently, it is advancing exponentially in terms of use and application in all areas of society. However, it brings different
problems and challenges specifically in education. According to the Organization for Cooperation and Economic
Development (OCDE), it has appeared to be one of the most disruptive technologies in the last decade. Affecting industrial
and academic spheres. It is progressively integrated into global education systems, transforming the way students interact
with knowledge and academic resources (OCDE, 2024). Nevertheless, some concerns emerge related to the impact of these
technologies on students’ ability to acquire fundamental skills such as critical thinking and problem solving.

There is a risk that students become passive actors in their learning process, if it depends on tools that generate automatic
responses. This could inhibit their ability to analyze and question the information they receive (Correal Romero, 2025). GAI
tools do not always provide accurate information, and their use could lead students to rely on incorrect data without adequate
pedagogical oversight (Gonzalez Rivas, 2025). Furthermore, in concordance with United Nations Educational, Scientific and
Cultural Organization unequal global access to these technologies proposes another concern. Countries and regions with less
technological resources are at risk of falling behind in the adoption of these advances (UNESCO, 2024).

2 Theoretical framework

According to Villena and Dunstan (2019), text analysis can take place automatically through computational simulation of
linguistic properties. Computational techniques known as natural language processing are used to extract and analyze
keywords from many documents. For that reason, chatbots have advanced successfully. They understand many questions that
are asked in a variety of ways due to natural language and machine learning. Advanced strategies and natural language
processes working together, interacting to improve research mechanisms and easier rules to process data. These systems have
demonstrated their ability to understand, learn, and generate language in an increasingly sophisticated way. Automatic text
analysis, through natural language processing, has transformed human machine interaction, highlighting the impact on
technology and decision making (Boden, 2017).

As part of computer science appears GAl as a discipline, focusing on the development of a variety of systems that can simulate
different aspects of human intelligence such as learning. It refers to the ability of artificial intelligence systems to generate
new and original content from existing data, using advance machine learning algorithms (Kurzweil, 1992). In addition, others
mention it as a subfield that focuses on models capable of producing text, images, and a variety of data by imitating learned
patterns previously.

Many authors agree that it should not be seen as a replacement tool, rather a way to improve the human ability to do complex
tasks. In the past the idea of automatization was seen as a replacement for human effort. Nowadays it is a support with a huge
potential to expand the learning capabilities, provided it is used to amplify personal skills instead of displacing essential
functions. Optimization driven nature positions it as a powerful tool for supporting decision-making processes. Nevertheless,
the same optimization mechanisms that enhance efficiency may also prioritize speed over accuracy, requiring human oversight
in educational applications.

2.1 GAI and learning theories

From a pedagogical perspective, GAI aligns with constructivist and connectivist learning theories, where knowledge
construction occurs through interaction, feedback, and networked information systems (Siemens, 2005). These tools can
operate as cognitive scaffolds, supporting learners in organizing ideas, clarifying concepts, and accessing diverse perspectives.
Though, unlike traditional educational technologies, they actively participate in meaning-making processes. This raises
questions about authorship, agency, and the balance between support and substitution in learning. Recent research highlights
both positive and negative cognitive effects of its use. On one hand, students report increased efficiency, reduced cognitive
load, and enhanced self-regulated learning.
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On the other hand, excessive reliance in outputs may lead to cognitive offloading, diminishing deep processing and critical
reasoning skills. These technologies interact with human cognition by externalizing certain reasoning processes. Students
often use the systems to decompose problems, generate alternatives, or validate preliminary solutions. While this interaction
can enhance productivity, it also raises concerns where reliance on computational systems reduces internal cognitive effort
(Lojan et al. 2024). From a computational cognition perspective, they should be viewed as rationality enhancers, supporting
but not replacing human reasoning processes. Metacognitively, GAI promotes reflection when used as a feedback tool;
although, non-critical use may foster passive learning behaviors (Correal Romero, 2025).

UNESCO (2019) considers that GAl should be used to innovate in teaching and learning. Under a framework of inclusion,
equity and sustainable development, based on ethical principles (Barrera Camara et al. 2025). In this sense, the use of tools
with intelligent features has grown considerably since 2022 and even more so today. Encouraged by a high processing
capacity. Language models are trained to identify which words are most likely to appear together, basing large amounts of
data. Although the answers they generate are coherent, they are not always correct, because they do not involve reasoning.
Despite the advances, in the case of educational tools GAI can produce coherent answers in a linguistic sense but inaccurate
or misleading. This is especially important in educational contexts (Gruetzemacher & Paradice, 2022).

In the perspective of Garcia Pefialvo et al. (2024) the topic involves a lot of interest in educational community. The solution
is not to ignore or prohibit its use of these kinds of technological tools, rather to train teachers and students about their correct
and ethical use to get a higher performance. It proposes an approach that builds trusting environments for students, considering
a human centered pedagogical design, where assessment is part of the learning process. Recent research indicates the need
for an educational transformation to take advantage of the potential of it. Proposing ongoing training that includes digital
literacy, critical thinking and ethics. This way, it is possible to encourage responsible use and prepare students by
demonstrating its integration into education fields (Rudolph et al. 2023).

Excessive use can reduce students' ability to develop essential skills by encouraging a passive approach to learning (Lojan et
al. 2024). Indiscriminate use is alarming as it leaves students as learning receptors. Couple with a lack of critical skills that
allow them to identify and evaluate genuine information with respect to artificially created information (Zawacki Richer et
al. 2019). Students prefer to rely on the results offered by these tools than exercise their logical reasoning and applying in-
depth analysis skills. This severely impacts the development of their professional competences (Real Zumba et al. 2024;
Navarro, 2024). In this sense, widespread use has become an obstacle to the full development of cognitive skills (Bolafio
Garcia & Duarte Acosta, 2024).

2.2 Ethical challenges and academic integrity

Traditional academic integrity frameworks assume a clear distinction between human authorship and external assistance. GAI
disrupts this distinction by producing original looking text through algorithmic recombination. This raises questions about
authorship, attribution, and ethical responsibility (Romeu Fontanillas et al. 2025). Ethical concerns surrounding it include
plagiarism, authorship ambiguity, algorithmic bias, and unequal access (UNESCO, 2024). According to Cossio Franco et al.
(2025), unlike traditional plagiarism, assisted writing blurs the boundaries between original work and external support,
requiring a reconceptualization of academic integrity policies. Regarding its impact on ethical and social aspects, it is
important to consider that its utilization and implementation must always take care of its ethical and responsible use and be
in favor of humanity (Diaz Arce, 2023).

In a positive perspective, it offers possibilities to personalize learning, create adaptive content, and promote students and
teachers’ interaction. This brings many challenges and risks with its use. On the one hand, it can produce quality content, but
it is also possible, generate misinformation, which focuses on integrity of the educational process and academic development
of students in risk (Zawacki Richer et al. 2019). This duality shows the importance of a balanced approach that not only
maximizes its benefits but also implements effective supervision and verification strategies of the content to work with
(Andreoli et al. 2024).

Algorithmic governance mechanisms, including transparency requirements, constraints and usage guidelines, are important
for supporting responsible deployment within academic systems. Academic institutions should therefore move beyond
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prohibition towards ethical integration, emphasising transparency, attribution and critical engagement with Al outputs.
Uncontrolled use may foster technological dependence and weaken critical and reflective thinking, as well as creativity, which
are fundamental abilities in students’ learning processes (Cajamarca Correa et al. 2024). Educational environments should
therefore promote students’ critical reflection rather than incorporating Al solely as a didactic resource.

2.3 Current overview in Mexico

Worldwide related to emerging educational systems, studies show that many countries are not prepared to use GAI in the
academic context. Specifically in Latin America, its adoption depends on infrastructural limitations, digital divides, and
uneven teachers’ training (OCDE, 2024). While has the potential to democratize access to academic support, it may also
increase inequalities if it and guidance are not equitably distributed (Suarez Estavillo, 2025). In Mexico, according to the
National Autonomous University of Mexico, has begun to integrate these technologies into the educational system, primarily
higher education (Sanchez Mendiola and Carbajal Degante, 2023). The Ministry of Public Education states that one of the
main challenges in education is preparing students for the future workforce, where technological skills and GAI knowledge
will be essential.

Its adoption in the classroom has been slow due to the lack of technological infrastructure and the poorly specialized training
for teachers. A 2023 study by National Autonomous University of Mexico (2023), highlights that only 25% of educational
institutions in the country have begun experimenting with these technologies in their educational programs. This amount is
worrying when compared to the average in developed countries, where they are already implemented in different education
areas according to Ministry of Public Education (2025). Following the reorganization of the National Council of Science and
Technology in 2023, a significant gap has emerged between educational institutions with access to advanced technologies
and others that still use traditional methods. This inequality reflects a structural problem in the Mexican education system,
where economic and regional factors affect access to technological resources. Therefore, it becomes essential that the
government and institutions collaborate to ensure that all students benefit from GAI in education (UNESCO, 2024).

Although there is government interest, few schools have integrated it into their educational programs. The most common
challenges include a lack of financial resources, limited infrastructure, and poor teacher training. A study made by the Sinaloa
State Council of Science and Technology (2023), concludes that most teachers at the region's universities do not feel prepared
enough to use it for preparing classes or in their classrooms. This situation represents an important barrier to its widespread
incorporation. Likewise, in accordance with Suarez Estavillo (2025), the Autonomous University of Sinaloa and national
reports, its adoption in Sinaloa is still starting.

3 Methodology

This extended study adopts a quantitative, non-experimental, cross-sectional design (Fig. 1). Based on the methodological
framework of the original research from Alfaro Rodriguez et al. (2025). Data was collected through a structured questionnaire
of 34 questions applied to university students, measuring their perceptions of GAI use in academic contexts. The analysis
incorporates additional interpretative dimensions, including ethical awareness, perceived cognitive impact, and self-
regulation. Descriptive and inferential analyses were conducted to identify patterns across demographic variables. Ethical
considerations included informed consent and anonymity. It assessed perceptions of GAI in function of four dimensions: 1)
Academic efficiency and task optimization; 2) Cognitive support and learning facilitation; 3) Ethical awareness and academic
integrity; and 4) Perceived risks of dependency and overuse.

Participation was voluntary, and ethical research standards were upheld. A probabilistic sampling of higher education students
was carried out on the population of the academic unit of 745. Using the statistical formula for the calculation of a finite
sample, obtaining 254 study elements from Faculty of Informatics Mazatlan of Autonomous University of Sinaloa.
Participants are in the first, second, and third grade of bachelor’s degree in computer science (CS) and Information Systems
Engineering (ISE). They responded, from first grade 119 students, 96 from the second grade, and 39 from the third year. This
represents 46.9%, 37.8%, and 15.3%, respectively.

Taking into consideration a confidence level of 95% and a maximum estimation error of 5% (Formula 1). Additionally, to
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enrich the quantitative results obtained, open-ended questions were analyzed to gather the participants' complete opinions,
with the aim of providing the research with a human perspective.
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Fig. 1. Methodology

Participants were asked about GAI information, specifically about ChatGPT, given its popularity among young people. Their
ages range mostly between 18 and 21, with 19 being the most common age. Wherein 18 are closed-ended single choice
questions, 3 are multiple choice questions, 8 are Likert-type scale (strongly agree - agree - disagree - strongly disagree), and
5 are open questions. Validation was carried out by 4 professors teaching courses in both educational programs. The
questionnaire was distributed to students online through Google forms, so that everyone could easily and reliably access it.

The sample size was 86.6% male, and 13.4% female. This shows a higher number of males (220) than females (34). Most
students in both programs are males; a situation generally associated with the type of career they are studying. This happens
every year, men prefer these careers more than women.

4 Results

Results indicated that most participants perceive GAI as an effective support system. Because it enhances efficiency and
reduces cognitive effort. They reported frequent use for drafting, summarizing, and problem clarification. Also affirmed
increased motivation and time efficiency. However, a substantial part expressed uncertainty regarding ethical boundaries and
appropriate use. Notably, students with higher levels of digital literacy demonstrated more critical engagement with output.
This suggests that computational awareness moderates’ dependency risks. The stage affirms that guidance and training play
a crucial role in responsible adoption.
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Based on participants” gender and the educational program (Table 1), regarding the frequency of ChatGPT use, it is inferred
that in both cases women use it more frequently, at 31.2% and 38.8%, respectively. While men use it occasionally, at 32.4%
and 33.0%, respectively. Therefore, although the frequencies of use are similar, its use is predominant among women.

Table 1. How often do you use ChatGPT? Taken from Alfaro Rodriguez et al. (2025).

Always Very Frequently Rarely Never
frequently Sometimes (%)
(%) (%) (%) (%) (%)
CS
Female  25.0 18.8 31.2 12.5 12.5 0.0
Male 10.4 21.0 24.8 324 6.7 4.7
ISE
Female 5.5 22.2 38.8 333 0.0 0.0
Male 6.1 20.0 24.3 33.0 10.4 6.1

Considering Artificial Intelligence as a support tool in the learning process, students were asked about their interest in using
it (Fig. 2). Because of this, 50.4% expressed that they agree and 33.9% totally agree. This represents 84.3% are interested,
while 15.8% disagree or do not use it for that purpose. In addition, particularly related to the use of ChatGPT similar results
were obtained where 37.4% totally agree and 49.6% agree. The majority 87%, in contrast to 13% who disagree or do not use
it. It is shown that this application is popular and used by students for educational purposes.

BTotally agree BAgree @Disagree mTotally disagree

50.4

55

7.5
777 mmmm @%/% nﬂlrrzwm

Al as a learning tool ChatGPT as a learning tool

Fig. 2. Interest in using a learning tool. Taken from Alfaro Rodriguez et al. (2025).

Upon finding positive perceptions about the use of ChatGPT, it was inferred that the response is consistent across the study.
It has greater acceptance in the three semesters studied (1, 3, and 5) with 62.1%, 55.2%, and 71.7% respectively. Fifth-
semester students consider it the most effective for educational purposes (Table 2).

Table 2. Do you consider effective to use ChatGPT in your school activities? Taken from Alfaro Rodriguez et al. (2025).

Grade Totally Agree Disagree Totally I don't
agree disagree use it
(%) (%) (%0) (%) (%)
1 semester 21.0 62.1 8.4 3.3 5.0
3" semester 31.2 55.2 7.2 0.0 6.2
5™ semester 28.2 71.7 0.0 0.0 0.0
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Participants affirmed to use it for many school activities, then the question arises how do they process the information they
obtain? 67.7% say they read all the information, 65.4% analyze the data, and 57.9% summarize what they find most useful.
On the other hand, regarding the sources they consult, 35.8% affirm that they review additional sources and compare results.
Only 19.3% take responsibility by ensuring they directly copy the information without reading, analyzing, or consulting other
external sources (Fig. 3). This contradictory situation is concerning due to the ethical issue of the use of GAL It reaffirms the
need to promote a responsible culture regarding the use of these technologies.

Directly copy information
Review additional sources

Summarize

Analyze data

Read all information

Fig. 3. Processing of information generated by ChatGPT. Taken from Alfaro Rodriguez et al. (2025).

Considering the outputs, important aspects in educational matters were emphasized, such as usefulness of the information,
motivation and interest towards learning, and effectiveness for the development of schoolwork and activities. Most of them
have shown a positive perception and suggest it is effective and supportive in their processes of acquiring significant
knowledge. Then, the need arises to identify whether teachers use it in their academic context. According to Fig. 4, most said
that only few teachers did it (36.2%), no teacher (34.3%). Reflecting that even though most students use them, teachers still
do not integrate them as part of their formal teaching planning process.

36.2
343

.

2%
All teachers Some teachers Few teachers Noteachers

Fig. 4. Teachers use ChatGPT as a support tool in class.

Related to their emotions about the use of ChatGPT and the obtained information, more than 70% answered they did not feel
dependent. This represents an attitude of control over the application. Additionally, their academic performance in
concordance with them, more than 50% observed an improvement. Although not everyone sees significant changes in their
grades, most say their school activities have changed with the use of GAI, becoming more efficient. Students’ emotions were
diverse (Fig. 5). The reflection of the level of confidence in ChatGPT as a support tool shows that 79.6% feel confident when
using it, 48.4% satisfied, 35% interested in learning, and 33.9% motivated to learn. In contrast 53.1% feel concerned about
making mistakes, 26.8% doubtfully, and only 14.6% guilty because of few efforts.
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There are ambiguous answers, that means they use it and trust but at the same time they are worried about results. Currently
there are no regulations or guidelines on the use of GAI in the context of the Autonomous University of Sinaloa. This
emphasizes the importance that as an institution, establishes regulations containing ethical standards to govern the proper use
of the application by students. This will ensure its safe use and prevent risks in their educational processes.

Confident

Satisfied

Interested in learning 2
Motivated to learn
Relaxed

Doubtfully
Concerned

Guilty for working little

Fig. 5. Emotions about use of ChatGPT .

On the other hand, 68.9% ensured that information provided in response to their requests is accurate and useful. They did not
provide data related to the previous critical analysis and reflection of the information obtained. They focused on the help it
provides without considering the ethical issues related to it. Another important aspect was the real dependency on ChatGPT
for schoolwork, most of them (68.9%) answered totally disagree with it. But there was no more information about their daily
practices with GAI, Table 3.

Table 3. Experience and daily schoolwork use of ChatGPT.

Grade Totally Agree Disagree Totally I don't

agree disagree use it
(%) (%) (%) (%) (7o)
Feel confident using it 79.6 0.0 15.7 0.0 4.7
Concern about making 0.0 53.1 42,2 0.0 4.7

mistakes
Information provided is 16.9 68.9 9.1 0.4 4.7
accurate and useful
Dependency for 0.0 26.4 0.0 68.9 4.7
schoolwork

As final reflections, participants were asked: what do you think of ChatGPT? The responses were diverse, but generally
positive about it and showed a conscious and critical thinking of its real use:

“A very easy-to-use tool with great power”.

“It's a good study tool”.

“Future”.

“I think it's a tool that's here to stay, and we use it in our daily lives to learn faster”.

“It's a very useful tool for various types of activities, such as education and daily activities”.
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“I think it's an excellent way to study”.
“A useful tool, but only if you know how to use it”.
“It's a good application if it's used properly”.

“It's a useful tool, but its use should be moderated to avoid negative experiences”.

After a deep analysis of the 254 answers of the general opinion of ChatGPT, it was identified that opinions were varied. Most
students (65%) made positive comments about the tool and its educational use. But only 23.6% were assured they are
concerned and worried about the ethical and proper utilization. Higher education students require to learn from experts about
the topic, the negative effects and how to solve them in a correct way. As well as all the ethical issues that arise with the
irrational use.

In addition, the question: how do you think GAI can change the way we learn?
“On the positive side”.

“Easy access to information”.

“It can be a support”.

“More accurate information”.

“Giving us examples of use to simply analyze them”

“It could be an easier way to learn complex topics”.

“I don't think it will replace teachers”.

“It could be used as a study method”.

“In terms of obtaining information quickly and efficiently”.

“It can be an interactive teacher that we can use when we have any questions”.
“It can be used like a private tutor who teaches you the way you want, when you want, and without getting tired”.

“Being able to answer questions at any time so that with training the answers will be more personalized”.

Similarly, most perceptions tend toward a positive stance. The responses reveal characteristics that strengthen its use in school
settings. This marks a step toward a gradual adoption governed by ethical principles and usage standards and supervised by
trained teachers. This ensures that it always supports teaching and learning processes in educational contexts, being used just
as a support tool.

5 Discussion

The results align with international findings indicating widespread student acceptance of GAI, coupled with ethical ambiguity
(Rudolph et al. 2023; Garcia Pefialvo et al. 2024). However, the emphasis on efficiency over critical and ethical thinking
appears more accentuated in emerging contexts. Consistent with recent literature, the findings highlight the risk of reduced
autonomy and superficial learning when these technologies are used without pedagogical framing (Lojan et al. 2024).
Excessive reliance on generated solutions may lead to over-optimization, where efficiency is prioritized at the expense of
deep learning and problem-solving skills (Navarro Guaimares, 2024).

It is undoubtedly an increasingly powerful technology that is becoming part of the lives of everyone involved in academic
and research. It is shaping how humans, especially students, learn, leading to an academic culture different from the one we
are used to. Their use introduces new elements and significant challenges. In this sense, finding a balance between encouraging
their use and deliberately prohibiting them to avoid potential academic risks is complex. From an informatics standpoint, it
requires curricular adjustments that emphasize algorithmic literacy, critical evaluation of computational outputs, and ethical
reasoning. Students must be trained not only to use tools, but to understand their limitations and underlying optimization
logic.
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It is necessary to redesign assessment strategies, shifting from product-oriented evaluation to process-oriented and reflective
assessment (UNESCO, 2024). When integrated intentionally, it can function as a tutor, feedback generator, and metacognitive
prompt rather than a shortcut to academic outputs. Consequently, framed as a heuristic tool can augment learning processes
without displacing human judgment. In that sense, educators must therefore cultivate literacy that emphasizes questioning,
verification, and ethical judgment to preserve academic integrity. Coupled with better professional skills development.

6 Conclusions

GALI represents a transformative force in higher education. While it offers unprecedented opportunities for personalization
and support, its educational value depends on intentional, ethical, and pedagogically grounded use. This extended study
demonstrates that should be understood not as a replacement for human cognition, but as a mediating tool that enhances
learning when guided by critical and ethical frameworks. Represents a significant advancement in computational support
systems for higher education. When conceptualized through an informatics and optimization lens, it offers substantial benefits
in efficiency and cognitive assistance. Although, without ethical constraints and pedagogical oversight, these systems risk
commit academic integrity and cognitive autonomy.

It contributes to the growing body of informatics research by framing as a decision-support system embedded within
educational contexts. It demonstrates that students generally perceive these tools as valuable pedagogical support rather than
as complete substitutes for learning. From the students’ perspective, it enhances academic efficiency, facilitates understanding
of complex concepts, and supports task organization and problem clarification. Most students view these tools as on-demand
cognitive assistants that help optimize time and reduce initial cognitive barriers, particularly during drafting, summarization,
and exploratory phases of academic work. However, this perceived value is closely linked to ease of use and immediacy,
which can overshadow deeper pedagogical goals if not properly guided.

Sustained use generates significant cognitive, metacognitive, and ethical implications. Cognitively, can reduce extraneous
cognitive load and support reasoning when used as a scaffold. But excessive reliance may lead to cognitive offloading,
superficial learning, and diminished problem-solving depth. Metacognitively, GAI can promote self-regulation and reflection
when students critically evaluate and refine generated outputs. Conversely, uncritical use may foster passive learning
behaviors and weaken learners’ awareness of their own learning processes. Ethically, constant use raises concerns regarding
authorship, academic integrity, and dependency, as well as uncertainty about acceptable boundaries between legitimate
assistance and misconduct.

To integrate GAI responsibly while preserving academic integrity and critical thinking, institutions must adopt a proactive
and pedagogically grounded approach. This includes establishing clear, transparent policies on acceptable GAl-assisted
practices. Redesigning assessments to emphasize reasoning processes, reflection, and decision-making rather than final
products. And embedding it and algorithmic literacy within curricula. Teachers’ development and student training are essential
to ensure that it is understood as a decision-support and learning augmentation tool, not as an autonomous authority. When
framed within ethical guidelines and critical pedagogical strategies, it can enhance learning without harming intellectual
autonomy or academic standards.

Therefore, in education its use is not intended to be a substitute but rather an aid where each student focuses their learning
process depending on their specific needs. They use their judgment and criteria to verify the information obtained, as well as
to improve it. This is also relevant to the human-technology dynamic. Students should discover, through its use, their own
potential for learning and critical thinking as individuals. Using these technologies to help them become better professionals,
applying strategies such as:

Develop institutional guidelines for ethical use.

Incorporate literacy into curricula.

Redesign assessments to emphasize critical thinking and reflection (reasoning processes over final outputs).
Train teachers in its pedagogical integration in higher education.

Incorporate algorithmic literacy into academic programs.

Establish transparent policies on GAl-assisted work.

Promote it as a support system rather than a decision-maker.
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7 Limitations

The study is limited by its cross-sectional design and contextual scope. Future research could explore longitudinal effects,
experimental designs, and cross-cultural comparisons to better understand the long-term cognitive and its pedagogical impact.
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  n =   N ∗   z  𝛼 2 ∗ 𝜌 ∗ q   ⅇ 2 ∗  ( N − 1 ) +   Z  a 2 ∗ 𝜌 ∗ q

