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The rapid integration of generative artificial intelligence (AI) in education 

has positioned AI not merely as a technological tool, but increasingly as 

a cognitive prosthesis that extends learners’ cognitive capacities. While 

AI-driven systems offer substantial benefits—such as personalized 

learning, scaffolding, enhanced metacognitive regulation, and 

instructional efficiency—concerns persist regarding cognitive offloading, 

diminished critical thinking, reduced intellectual autonomy, and ethical 

risks. This study aims to critically examine the dual role of generative AI 

as a cognitive prosthesis in learning by synthesizing recent empirical and 

theoretical literature. Employing a literature review methodology, this 

study analyzes peer-reviewed articles and proceedings indexed in Scopus 

and Copernicus published between 2015 and 2025. The reviewed studies 

are organized into two thematic domains: (1) the advantages and 

limitations of generative AI as a cognitive prosthesis in learning, and (2) 

the evolving roles of teachers and students in AI-mediated educational 

environments. The findings indicate that while generative AI can enhance 

metacognitive skills, creativity, learning efficiency, and personalized 

instruction, excessive dependence may lead to cognitive laziness, surface 

learning, weakened critical thinking, and ethical challenges related to 

data privacy and academic integrity. The study concludes that generative 

AI should be positioned as a supportive cognitive partner rather than a 

replacement for human cognition. Effective integration requires strong 

pedagogical design, ethical governance, and active mediation by 

educators to ensure that AI enhances learning without undermining 

intellectual autonomy. 
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INTRODUCTION 

The use of AI (artificial intelligence) has increased in various fields, particularly in 

education. AI-based learning can provide more personalized, inclusive learning and 

enhance the effectiveness of the learning experience (Iman et al., 2024).  Stakeholders 
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including teachers, students, parents acknowledge that AI has very high potential to 

develop individual needs, provide better access to learning, and fulfill certain student 

competencies that are difficult to fulfill through traditional learning (Kinshuk et al., 

2016). However, the potential of AI still has a negative side or impact on students, 

especially those who have lower self-control compared to teachers (Rodríguez-Ruiz et 

al., 2025). This negative impact, if not immediately addressed, will cause learning loss 

such as in the Covid 19 pandemic. 

The adoption of AI in learning needs to be monitored and provided with rules in 

accordance with scientific codes of ethics. Ethical issues such as data privacy 

violations, the digital divide, and discrepancies between urban and rural school 

facilities are among the challenges encountered in implementing AI in learning 

(Hacker & Mason, 2003; Olanrewaju et al., 2021). Student data security and privacy 

are major concerns due to the large amount of personal student data being uploaded 

to AI, without anyone knowing who can access and manage the data (Huang, 2023). 

Furthermore, implementing AI in learning also requires financial support in the form 

of investments in hardware, software, and high-speed internet connections 

(Mhlangan, 2021). Moreover, this is difficult for students in rural areas to achieve. 

Another issue identified is teacher resistance to the use of AI in learning (Feng & Xiao, 

2024). This is especially true for senior teachers. The lack of interaction between 

students and teachers in AI-based learning is also a serious problem. Therefore, 

understanding and proper utilization of the role of AI are essential as a cognitive 

prosthesis in learning. 

Cognitive Prosthesis (CP) refers to assistive technology or systems designed to 

help improve and restore an individual's cognitive function. In this context, the 

student is the subject or individual (Cole & Dehdashti, 1998). AI has sophisticated 

algorithms and techniques to meet user needs at all times as a CP. AI can be integrated 

into several application devices to provide support to students in completing complex 

assignments (Kamruzzaman et al., 2023). Thus, AI as a CP aims to develop 

independence and facilitate students' learning of complex material. However, teacher 

control and monitoring are still required to ensure students do not become overly 

dependent on AI, thus weakening their logic and reasoning skills. 

The integration of AI into learning is like a double-edged sword, offering benefits 

on one hand and disadvantages on the other if not managed properly. Several studies 

demonstrate the positive benefits students experience from AI-based learning. A 

study by Zhan et al (2022) stated that AI integration can increase student motivation, 

problem-solving skills, and participation. Pratama et al., (2023) revealed that through 

AI, students can have personalized learning tailored to their individual needs. 
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Implementing AI can reduce students' cognitive load, thereby increasing their focus 

on learning (Gkintoni et al., 2025). However, there are still many studies discussing 

the negative impacts of AI as a CP or learning aid. Gerlich (2025) shows that 

dependence (overuse) on AI can also causecognitive offloading, namely, students do 

not use their critical thinking and analytical skills to solve problems in class. On the 

other hand, the accumulation of information presented in AI also impacts cognitive 

fatigue and reduces learning efficiency (Parekh et al., 2020). The study conducted Wan 

et al., (2025) revealed that AI- driven instruction resulting in students only learning at 

the level surface learning. Most teachers are also concerned about data privacy 

security issues and monotonous learning interactions due to using AI (Al-Mughairi & 

Bhaskar, 2025). Thus, it can be concluded that the study of AI as CP in learning is still 

very important to be researched to date because it still reaps pros and cons. 

A study of how researchers respond to AI as CP is very interesting to study further. 

To date, there are still limited sources and references that provide a balanced 

discussion of generative AI, both from a pro and con perspective. To bridge this gap, 

a literature review entitled "AI as Cognitive Pros thesis: Does Educational AI Reduce 

Intellectual Autonomy?”. The objectives of this research are to analyze the pros and 

cons of Generative AI as a Cognitive Prosthesis in learning and identify the role of 

teachers and students in the future regarding the use of Generative AI as a Cognitive 

Prosthesis in learning. 

METHODS  

This research is classified as a literature review or literature study which attempts 

to uncover the phenomenon Cognitive Prosthesis through the latest research (Cheater, 

2019). However, this study only used limited inclusion criteria such as keywords, year 

scope, and journal index to improve the quality of literature review research. The 

studies used for theoretical support are reference sources indexed by Scopus and 

Copernicus. This to ensure the novelty of the studies used for discussion, journal 

articles and proceedings from the last ten years, from 2015 to 2025, were used. 

Furthermore, each article was assigned a theme that corresponds to the topic. 

Cognitive Prosthesis namely (1) the use of Generative AI as Cognitive Prosthesis in 

learning, (2) the role of teachers and students in the future regarding the use of 

Generative AI as Cognitive Prosthesis in learning. Keywords used in reference 

searches include: cognitive prosthesis, intellectual autonomy, generative AI in 

education, AI-assisted learning, or other terms that have the same meaning, including 

combinations Boolean operators (AND/OR) to expand on the findings. Furthermore, 

based on the article selection results, research conclusions will be determined 

according to the two types of themes that will be the main topics of discussion. Each 
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of these theme descriptions will be discussed further using a qualitative descriptive 

approach. 

 

RESULTS AND DISCUSSION 

Results 

The findings of this study can be seen in Table 1. 

Table 1. Results of a Literature Review of AI as a Cognitive Prosthesis 

Research 

Question 

Analytical 

Aspect 

Key Research Findings Educational Implications 

The advantages 

and limitations 

of Generative AI 

function as a 

Cognitive 

Prosthesis  

AI 

Advantages 

Generative AI functions as a 

cognitive extension through 

scaffolding, personalized 

learning, real-time feedback, and 

improved instructional 

efficiency. 

Supports adaptive learning 

environments and 

differentiated instruction 

based on individual learner 

needs. 

 Metacognition 

& Creativity 

AI enhances self-regulated 

learning, metacognitive 

reflection, idea exploration, and 

student creativity through 

responsive interaction. 

AI has the potential to 

strengthen higher-order 

thinking skills when 

pedagogically guided. 

 Instructional 

Efficiency 

AI accelerates learning material 

production, automates 

multimedia development, and 

supports academic 

administration processes. 

Reduces teachers’ workload 

while improving 

pedagogical productivity. 

 Cognitive 

Risks 

Excessive reliance on AI leads to 

cognitive offloading, surface 

learning, reduced critical 

thinking, and metacognitive 

laziness. 

Requires carefully designed 

pedagogical control and 

reflective learning 

strategies. 

 Academic & 

Ethical Risks 

Issues include AI hallucination, 

algorithmic bias, plagiarism 

risks, data privacy concerns, and 

digital inequality. 

Necessitates ethical 

governance frameworks 

and institutional AI literacy 

policies. 

The future roles 

of teachers and 

students in 

utilizing 

Generative AI as 

a Cognitive 

Prosthesis 

Teachers’ 

Roles 

Teachers transform into 

facilitators of critical thinking, 

learning designers, and ethical 

mediators of AI use. 

Shift from content delivery 

toward learning 

orchestration and guidance. 

Teachers as 

Learning 

Designers 

Teachers design inquiry-based 

activities requiring students to 

critically evaluate AI-generated 

outputs. 

AI becomes a catalyst for 

knowledge construction 

rather than a replacement 

for cognition. 

Teachers as 

AI Mediators 

Teachers establish boundaries for 

AI usage, maintain academic 

integrity, and validate AI-

generated content. 

Ensures AI enhances rather 

than undermines 

intellectual autonomy. 

 Students’ 

Roles 

Students act as active 

collaborators with AI in 

Learning evolves into a 

human–AI collaborative 

model. 
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brainstorming and complex 

problem-solving processes. 

 Students as 

Critical 

Evaluators 

Students critically verify 

accuracy, relevance, and validity 

of AI-generated information. 

Strengthens critical digital 

literacy and evaluative 

judgement. 

 Students as 

Ethical Users 

Students adhere to responsible 

AI practices aligned with 

academic integrity principles. 

Promotes ethical academic 

culture and responsible 

technology use. 

 

Disscusion 

Pros and Cons of Generative AI as a Cognitive Prosthesis (CP) in Learning 

CP in the context of education leads to the use of AI as a cognitive aid to solve 

learning problems such as finding ideas, drawing conclusions, providing alternative 

solutions, and providing feedback. The concept of CP is rooted in the idea that humans 

can have cognitive extender (cognitive aids) to facilitate learning. The integration of 

AI in learning in this context serves as a cognitive extension, facilitating learning, and 

supporting the personal needs of students and teachers, particularly in developing 

Zone of Proximal Development (ZPD). 

There are several studies that support AI as a cognitive CP. Generally, these 

studies emphasize the concept scaffolding, ease of personalization, increased 

metacognitive skills, creativity and exploration of ideas, as well as improving the 

efficiency and quality of materials designed by teachers. Scaffolding is an important 

concept in learning. AI such as GPT chat helps students to break down material into 

smaller concepts (chunking), so that it is easy for students to understand (Kosaraju, 

2024). Further study Hajiyev et al., (2024) conveyed that the integration of AI in 

completing student assignments provides effective recommendations and increases 

student productivity. In addition to supporting the concept scaffolding AI also 

supports the need for personalized learning. A study conducted by Chakkaravarthy 

et al., (2025) found that AI can continuously evaluate student performance, identify 

learning gaps, and modify learning materials. AI also provides feedback customized 

and recommendations real time (Kaswan et al., 2024).  

Several recent studies have shown how AI can foster the development of 

students' metacognitive abilities and creativity. Mehmoodet al., (2025) shows that AI 

plays a role in developing self-regulated students and provide adaptive feedback. 

Self-regulated learning is one part of metacognitive strategies. Further studies from 

Yang & Xia, (2023) shows that AI-based learning is able to support students' 

metacognitive abilities because it provides responses in areal time, comprehensive 

and good analysis. In addition, other studies show that the integration of AI in 

learning gives students more effective control over cognitive functions (Khotimah et 
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al., 2024). In addition to metacognitive mental processes related to AI, student 

creativity is also involved. Personalized learning tailored to the needs of teachers and 

students, including providing learning resources and experiences that support 

student creativity (Hasibuan & Andina Azizah, 2023). In geometry learning studies 

such as robotics learning, AI can foster motivation and provide personalized materials 

that can support students' creative thinking skills (Yao et al., 2025). Furthermore, a 

specific study on AI-based exploration shows that the use of semantic navigation 

supports students to solve problems more effectively (Sandholm et al., 2024). Thus, it 

can be concluded that AI can support students' metacognitive abilities and creativity. 

Generative AI, such as Chat GPT, plays a role in increasing the efficiency of 

learning material creation Carbonell-Alcocer et al., (2024) show that AI can automate 

multimedia creation, such as reducing the time and effort required by teachers in 

creating materials. Further research results Gustafi (2025) shows that the technique 

prompt engineering deep Learning Management System. An LMS is capable of 

producing learning materials that meet academic standards, although a human touch 

is still needed to improve accuracy. At the higher education level, the use of AI is 

beneficial for streamlining administrative processes, improving learning outcomes, 

and fostering better teaching practices (Kassaye, 2024). 

While there are studies supporting the existence of AI, there are also studies 

that contradict AI's position as a CP in learning. As a tool to support scaffolding 

Students, the presence of AI reduces interaction between teachers and students, and 

often replaces traditional learning processes which do not always have a positive 

impact (Rabadanova et al., 2024). Utilization AI can widen the gap between students 

who underprivileged with students who get AI facilities (Mindigulova et al., 2024). 

On the other hand, the personalization of AI utilization also has a negative impact on 

students, for example research. Kim (2026) concluded that students experienced a 

reduction in accuracy in writing skills and decrease in reading skills. The study of Izak 

et al., (2025) has found that AI often exhibits hallucinations and can reduce the quality 

of the knowledge imparted. Therefore, it is crucial for teachers and students to use 

prompts that are detailed and contextually relevant to the issues being discussed. 

Furthermore, every reference and concept provided by AI needs to be double-checked 

to ensure the validity of the information provided. 

Integration in developing metacognitive learning strategies can be hampered, 

due to dependence on AI devices, which causes metacognitive laziness (Borjigin & 

Shen, 2025). Furthermore, students' ability to think independently and critically, 

which is the basis for developing metacognitive abilities, is also impacted by the use 

of AI excessive (Gonsalves, 2024). On the other hand, there are also challenges in 
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developing student creativity. The main challenge is teachers' concerns about 

students' confidence in developing their own creativity, which could decline without 

the use of AI (Habib et al., 2024). (Lee, 2025) revealed that the use of Generative AI can 

reduce students' creativity such as writing skills and creativity in designing materials. 

There are several things to consider when designing materials with AI, 

particularly the potential negative impacts. Teachers should be mindful of potential 

biases introduced by AI algorithms and closely monitor the materials they have 

designed (Adamu & Awwalu, 2019). Manual content validation is still needed to 

maintain the quality of the material (Gustafi, 2025). Sometimes teachers also do not 

disclose AI authorship in the materials they have created (Adamu & Awwalu, 2019). 

This is very important to maintain transparency of references to students. 

 

The Role of Teachers and Students in the Future in Utilizing Generative AI as 

Cognitive Prosthesis (CP) in Learning 

The future integration of generative AI as a cognitive prosthesis (CP) in 

learning will fundamentally transform the roles of both teachers and students. 

Teachers will increasingly act as facilitators and guides, leveraging AI tools to 

personalize instruction, scaffold complex problem-solving, and foster critical thinking 

skills. Rather than merely delivering content, educators will focus on designing 

learning experiences that harness AI’s capabilities to adapt to individual learner 

needs, promote metacognitive awareness, and encourage ethical and reflective use of 

AI-generated outputs. This shift will require teachers to develop new competencies in 

AI literacy and pedagogical strategies to effectively integrate these technologies into 

their curricula. 

Teachers as Facilitators of Critical Thinking through Generative AI 

  Teachers will play a pivotal role in cultivating students' critical thinking skills 

by guiding them to critically analyze AI-generated content (Calzada, 2024). This 

involves emphasizing the evaluation of the accuracy, relevance, and ethical 

dimensions of information produced by generative AI. Rather than allowing students 

to accept AI outputs uncritically, educators will encourage active engagement with 

the material, fostering higher-order thinking essential for academic rigor (Estaphan et 

al., 2025). This facilitation ensures that students develop the ability to discern the 

quality and applicability of AI-generated information, promoting intellectual 

autonomy and responsible use of AI as a cognitive prosthesis in learning. This role 

requires teachers to design learning experiences that integrate AI tools in ways that 

challenge students to question, evaluate, and reflect on AI outputs, thereby 

embedding critical analysis into the learning process. Additionally, teachers will 
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mediate AI use by establishing ethical guidelines to prevent misuse or 

overdependence, further supporting the development of critical faculties. 

Teacher as Designers of Learning Experience 

Teachers will take on the role of designing dynamic, AI-integrated learning 

experiences that move beyond traditional content delivery toward inquiry-driven and 

creative education. This involves crafting curricula and instructional tasks that 

seamlessly embed generative AI tools as catalysts for exploration, problem-solving, 

and original idea generation. By doing so, educators shift the pedagogical focus from 

rote memorization to active knowledge construction, enabling students to engage 

deeply with subject matter through AI-augmented cognitive processes (Fidalgo & 

Thormann, 2024; Hutson & Ceballos, 2023). 

Specifically in design student Learning Experience teacher must: (1) develop 

assignments and projects that require students to interact critically and creatively with 

AI-generated outputs, fostering inquiry and innovation (Holman, Kenneth et al., 

2024), (2) integrate AI functionalities that adapt to individual learner needs, 

promoting personalized pathways for discovery and mastery (Jiao, 2024), (3) design 

scaffolded learning sequences where AI supports complex problem-solving and 

iterative refinement of ideas encourage metacognitive reflection by having students 

evaluate the AI’s contributions, thus embedding critical thinking within the learning 

process (Hong et al., 2025), (4) utilize AI-driven analytics to inform instructional 

adjustments, ensuring that learning experiences remain responsive and effective (Kim 

et al., 2025). This design approach positions teachers as architects of AI-enhanced 

educational environments that empower students to harness AI as an active cognitive 

partner, thereby transforming learning into a collaborative, adaptive, and creative 

endeavor. 

Teacher as AI Mediators 

Teachers will establish and enforce ethical guidelines and boundaries around 

AI usage to prevent misuse, overdependence, and breaches of academic integrity (Kim 

et al., 2025). This includes setting clear expectations for responsible AI engagement 

and guiding students on navigating the limitations and potential biases of AI systems 

(Malik et al., 2025). Teachers must also provide ongoing support and feedback to help 

students critically assess AI-generated content and develop their own reasoning skills. 

Additionally, fostering a classroom culture that values transparency and 

accountability in AI use is essential for maintaining academic integrity. Through these 

measures, educators can ensure that AI serves as a tool for empowerment rather than 

a shortcut that undermines learning outcomes. Educators should also implement clear 

guidelines on ethical AI use to help students understand the boundaries and 
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appropriate applications of these technologies (Grandmother, 2024). Integrating 

discussions about AI’s limitations and potential biases into the curriculum can further 

enhance critical thinking and digital literacy. Ultimately, this comprehensive 

approach supports the responsible adoption of AI tools, ensuring they complement 

rather than compromise educational goals. Besides the teacher role in utilization of AI 

as CP, teachers must set boundaries in utilization of AI in the learning process. 

Students as AI Active Collaborators 

Students will interact with generative AI as a cognitive partner, using it to 

augment processes such as brainstorming, drafting, and complex problem-solving. 

Student collaboration transforms AI from a passive resource into an active co-learner 

that enhances cognitive capacity (Atchley et al., 2024). This shift requires educators to 

design learning environments that encourage experimentation and critical thinking 

while guiding ethical AI use (Ahmed et al., 2024; Wang, 2025). Clear guidelines and 

assessment criteria must be established to ensure academic integrity and meaningful 

engagement. Ultimately, this partnership between students and AI fosters deeper 

understanding and innovation in the learning process. This collaboration also 

promotes the development of critical digital literacy skills, enabling students to 

evaluate AI-generated content effectively (Calzada, 2024). Educators must emphasize 

the importance of ethical considerations, ensuring students understand the 

implications of AI use in academic contexts. By fostering a balanced partnership, 

students can leverage AI to enhance creativity and problem-solving while 

maintaining academic integrity. 

Student as Critical Evaluators 

Learners will develop the skills necessary to scrutinize AI outputs critically, 

verifying validity, assessing relevance, and integrating information thoughtfully. This 

critical evaluation safeguards academic standards and promotes intellectual 

autonomy. Furthermore, this approach promotes critical evaluation and refinement of 

AI-generated information by students rather than uncritical acceptance (Bearman et 

al., 2024). Educators should facilitate the recognition of biases and limitations, thereby 

fostering responsible and informed utilization of AI in academic work (Maphosa, 

2024). This necessitates the integration of pedagogical strategies that encourage 

students to critically assess AI outputs rather than passively accept them. By 

embedding such critical frameworks within curricula, educators can empower 

learners to discern the reliability and validity of AI-generated content. Ultimately, this 

approach cultivates academic integrity and enhances the development of independent 

analytical skills. 

Students as Ethical User 

https://www.zotero.org/google-docs/?zGuayi
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Students as Ethical Users while using AI as a cognitive prosthesis (CP) will 

internalize principles of responsible AI engagement, recognizing both the capabilities 

and limitations of generative AI tools. They will adhere strictly to academic integrity 

policies, avoiding plagiarism, misuse, and overreliance on AI outputs (Chavez, et al., 

2024). This ethical awareness fosters trustworthiness and accountability in academic 

work, ensuring that AI serves as a support rather than a substitute for original 

thinking. By understanding the societal and academic implications of AI use, students 

will develop a conscientious approach that balances innovation with respect for 

intellectual property and ethical norms (Song, 2024). Educators should embed ethical 

guidelines and discussions on AI’s potential biases and limitations within curricula to 

reinforce this responsible use (Rane et al., 2024). Ultimately, students as ethical users 

contribute to an academic culture where AI enhances learning without compromising 

integrity or intellectual rigor. 

Conceptually, this article makes an important contribution in positioning 

Generative AI as a cognitive prosthesis that is pedagogically mediated rather than 

technologically deterministic. However, in order to increase its scientific strength and 

empirical contribution, further research is recommended not only to stop at the 

synthesis of the literature, but to develop a conceptual framework into an empirical 

model that can be tested through mixed-method or quasi-experimental research 

designs. In addition, the integration of operational indicators such as intellectual 

autonomy, metacognitive regulation, and critical thinking needs to be constructed in 

the form of standardized instruments so that the relationship between the use of AI 

and intellectual independence can be measured quantitatively. Strengthening the 

analytical framework (for example, using extended cognition theory or self-regulated 

learning as the grand theory) will also improve the position of the article in the 

international discourse on AI in Education. Thus, this research has the potential to be 

an important reference if it is able to move from narrative synthesis to evidence-based 

pedagogical model. 

 

CONCLUSION  

This literature review highlights that generative artificial intelligence, when 

conceptualized as a cognitive prosthesis, represents both a powerful opportunity and 

a significant pedagogical risk in contemporary education. On one hand, AI 

demonstrates considerable potential to support scaffolding, personalized learning, 

metacognitive development, creativity, and instructional efficiency. These affordances 

position AI as an effective cognitive extension capable of assisting learners in 

navigating complex learning tasks and supporting teachers in designing adaptive 
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learning experiences. On the other hand, the findings consistently indicate that 

unregulated or excessive reliance on AI may lead to cognitive offloading, reduced 

critical thinking, surface-level learning, diminished creativity, and erosion of students’ 

intellectual autonomy. Ethical concerns—particularly related to data privacy, 

algorithmic bias, academic integrity, and digital inequality—further complicate its 

educational deployment. 

The review underscores that the impact of AI as a cognitive prosthesis is not 

technologically deterministic, but fundamentally pedagogical. The future of AI-

enhanced learning depends heavily on the roles assumed by teachers and students. 

Teachers must evolve into facilitators, learning designers, and ethical mediators who 

guide critical engagement with AI, establish clear boundaries of use, and embed 

metacognitive and evaluative practices into instruction. Simultaneously, students 

must be positioned as active collaborators, critical evaluators, and ethical users of AI, 

capable of questioning AI outputs rather than accepting them uncritically. In 

conclusion, generative AI does not inherently reduce intellectual autonomy; rather, 

intellectual autonomy is compromised when AI replaces reflective thinking instead of 

supporting it.  

 

SUGGESTIONS 

Future research should empirically investigate the impact of generative AI as a 

cognitive prosthesis on intellectual autonomy, critical thinking, and metacognitive 

regulation through experimental or mixed-method designs using validated 

measurement instruments. Additionally, studies should develop and test pedagogical 

frameworks that position AI as a collaborative cognitive partner while integrating 

ethical governance, AI literacy, and assessment redesign to ensure balanced cognitive 

development. 

 

REFERENCES 

Adamu, S., & Awwalu, J. (2019). The role of artificial intelligence (ai) in adaptive elearning 

system (aes) content formation: Risks and opportunities involved (No. 

arXiv:1903.00934). arXiv.https://doi.org/10.48550/arXiv.1903.00934  

Ahmed, Z., Shanto, S. S., Rime, Most. H. K., Morol, Md. K., Fahad, N., Hossen, Md. J., 

& Abdullah-Al-Jubair, Md. (2024). The generative AI landscape in education: 

Mapping the terrain of opportunities, challenges, and student perception. IEEE 

Access, 12, 147023–147050. https://doi.org/10.1109/ACCESS.2024.3461874  

Al-Mughairi, H., & Bhaskar, P. (2025). Exploring the factors affecting the adoption of 

AI techniques in higher education: Insights from teachers’ perspectives on 

ChatGPT. Journal of Research in Innovative Teaching & Learning, 18(2), 232–247. 

https://doi.org/10.1108/JRIT-09-2023-0129  

file:///D:/Users/ayuparamita/Downloads/IEEE%20Access
file:///D:/Users/ayuparamita/Downloads/IEEE%20Access
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc


Jurnal Santiaji Pendidikan (JSP), Vol. 16, 1 (March 2026): 108-123 119 of 123 

Kumara et.al. (2026)/ AI As a Cognitive Prosthesis: Does Educational Ai Reduce Intellectual Autonomy? 

Atchley, P., Pannell, H., Wofford, K., Hopkins, M., & Atchley, R. A. (2024). Human 

and AI collaboration in the higher education environment: Opportunities and 

concerns. Cognitive Research: Principles and Implications, 9(1), 20. 

https://doi.org/10.1186/s41235-024-00547-9  

Bearman, M., Tai, J., Dawson, P., Boud, D., & Ajjawi, R. (2024). Developing evaluative 

judgement for a time of generative artificial intelligence. Assessment & 

Evaluation in Higher Education, 49(6), 893–905. 

https://doi.org/10.1080/02602938.2024.2335321  

Borjigin, A., & Shen, Z. (2025). AI-powered meta-reflection for self-learning in STEM: 

A middle school case study on smart home energy management. 2017 IEEE 

Region 10 Symposium (TENSYMP), 1–6. 

https://doi.org/10.1109/tensymp63728.2025.11144984  

Calzada, K. P. D. (2024). Anti-dependency teaching strategy for innovation in the age 

of AI among technology-based students. Environment and Social Psychology, 

9(8). https://doi.org/10.59429/esp.v9i8.3026  

Carbonell-Alcocer, A., Sanchez-Acedo, A., Benitez-Aranda, N., & Gertrudix, M. 

(2024). Impact of generative artificial intelligence on efficiency, quality and 

innovation in the production of open educational resources for 

MOOCs.Communication and Society, 1–31. 

https://doi.org/10.32870/cys.v2025.8784  

Chakkaravarthy, A. P., Dhanalakshmi, J., Anjelin, D. P., Shieh, C., & Horng, M.-F. 

(2025). Personalized learning through AI on the power of tailored education. 

Advances in Computational Intelligence and Robotics Book Series, 455–480. 

https://doi.org/10.4018/979-8-3373-5092-9.ch016  

Chavez, Jason V., Cuilan, Jhordan T., Mannan, Sali S., Ibrahim, Narrin U., Carolino, 

Aisha A., Abubakar Radjuni, Salman E. Albani, & Benigno A. Garil. (2024). 

Discourse analysis on the ethical dilemmas on the use of AI in academic 

settings from ict, science, and language instructors. Forum for Linguistic Studies, 

6(5), 349–363. https://doi.org/10.30564/fls.v6i5.6765  

Cole, E., & Dehdashti, P. (1998). Computer-based cognitive prosthetics: Assistive 

technology for the treatment of cognitive disabilities. Proceedings of the Third 

International ACM Conference on Assistive Technologies, 11–18. 

https://doi.org/10.1145/274497.274502  

Estaphan, S., Kramer, D., & Witchel, H. J. (2025). Navigating the frontier of AI-assisted 

student assignments: Challenges, skills, and solutions. Advances in Physiology 

Education, 49(3), 633–639. https://doi.org/10.1152/advan.00253.2024  

Feng, Z., & Xiao, H. (2024). The impact of students’ lack of learning motivation and 

teachers’ teaching methods on innovation resistance in the context of big data. 

Learning and Motivation, 87, 102020. https://doi.org/10.1016/j.lmot.2024.102020  

Fidalgo, P., & Thormann, J. (2024). The future of lifelong learning: The role of artificial 

intelligence and distance education. In F. Gomez Paloma (Ed.), Education and 

Human Development (Vol. 19). IntechOpen. 

https://doi.org/10.5772/intechopen.114120  

https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc


Jurnal Santiaji Pendidikan (JSP), Vol. 16, 1 (March 2026): 108-123 120 of 123 

Kumara et.al. (2026)/ AI As a Cognitive Prosthesis: Does Educational Ai Reduce Intellectual Autonomy? 

Gerlich, M. (2025). AI Tools in Society: Impacts on cognitive offloading and the future 

of critical thinking. Societies, 15(1), 6. https://doi.org/10.3390/soc15010006  

Gkintoni, E., Antonopoulou, H., Sortwell, A., & Halkiopoulos, C. (2025). Challenging 

cognitive load theory: The role of educational neuroscience and artificial 

intelligence in redefining learning efficacy. Brain Sciences, 15(2), 203. 

https://doi.org/10.3390/brainsci15020203  

Gonsalves, C. (2024). Generative AI’s impact on critical thinking: Revisiting bloom’s 

taxonomy. Journal of Marketing Education, 02734753241305980. 

https://doi.org/10.1177/02734753241305980  

Gustafi, M. F. (2025). Optimization of AI usage in learning materials application of 

prompt engineering techniques for learning management systems (LMS). JRST 

(Journal of Science and Technology Research), 121–133. 

https://doi.org/10.30595/jrst.v9i2.23393  

Habib, S., Vogel, T., Anli, X., & Thorne, E. (2024). How does generative artificial 

intelligence impact student creativity? Journal of Creativity, 34(1), 100072. 

https://doi.org/10.1016/j.yjoc.2023.100072  

Hacker, K. L., & Mason, S. M. (2003). Ethical gaps in studies of the digital divide. Ethics 

and Information Technology, 5(2), 99–115. 

https://doi.org/10.1023/A:1024968602974  

Hajiyev, Y. , Masimov , O. , & Masimov , O. (2024). Integration of artificial intelligence 

(ai) into task management systems. Proceedings of Azerbaijan High Technical 

Educational Institution, 41(06), 501–509. 

https://doi.org/10.36962/pahtei41062024-55  

Hasibuan, R. & Andina Azizah. (2023). Analyzing the potential of artificial intelligence 

(AI) in personalizing learning to foster creativity in students. Enigma in 

Education, 1(1), 6–10. https://doi.org/10.61996/edu.v1i1.2  

Holman, Kenneth, Marino, M., Vasquez, E., Taub, M., Hunt, J., & Tazi, Y. (2024). 

Navigating AI-powered personalized learning in special education: a guide for 

preservice teacher faculty. Journal of Special Education Preparation, 4(2), 90–95. 

https://doi.org/10.33043/5b2xqcb3  

Hong, H., Vate-U-Lan, P., & Viriyavejakul, C. (2025). Cognitive offload instruction 

with generative AI: A quasi‑experimental study on critical thinking gains in 

english writing. Forum for Linguistic Studies, 7(7). 

https://doi.org/10.30564/fls.v7i7.10072  

Huang, L. (2023). Ethics of artificial intelligence in education: Student privacy and data 

protection. Science Insights Education Frontiers, 16(2), 2577–2587. 

https://doi.org/10.15354/sief.23.re202  

Hutson, J., & Ceballos, J. (2023). Rethinking education in the age of AI: The Importance 

of developing durable skills in the industry 4.0. Journal of Information Economics, 

1(2), 26–35. https://doi.org/10.58567/jie01020002  

Iman, M. Z., Airlangga Asis, A., & Uzma Zein Rahma, A. (2024). Enhancing 

personalized learning: The impact of artificial intelligence in education. Edu 

https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc


Jurnal Santiaji Pendidikan (JSP), Vol. 16, 1 (March 2026): 108-123 121 of 123 

Kumara et.al. (2026)/ AI As a Cognitive Prosthesis: Does Educational Ai Reduce Intellectual Autonomy? 

Spectrum: Journal of Multidimensional Education, 1(2), 101–112. 

https://doi.org/10.70063/eduspectrum.v1i2.55  

Izak, M., Barros, A., Prasad, A., & Śliwa, M. (2025). Generative artificial intelligence 

and learning: At the dawn of Idiocracy? Management Learning, 56(3), 407–415. 

https://doi.org/10.1177/13505076251348575  

Jiao. (2024). AI-driven personalization in higher education: Enhancing learning 

outcomes through adaptive technologies. Adult and Higher Education, 6(6). 

https://doi.org/10.23977/aduhe.2024.060607  

Kamruzzaman, M. M. , Alanazi , S. , Alruwaili , M. , Alshammari , N. , Elaiwat , S. , 

Abu-Zanona , M. , Innab , N. , Mohammad Elzaghmouri , B. , & Ahmed Alanazi 

, B. (2023). AI- and IoT-assisted sustainable education systems during 

pandemics, such as COVID-19, for Smart Cities. Sustainability, 15(10), 8354. 

https://doi.org/10.3390/su15108354  

Kassaye, S. N. (2024). Application of artificial intelligence in higher education: A 

systematic review. Kotebe Journal of Education, 2(1), 72–86. 

https://doi.org/10.61489/30053447.2(1).72  

Kaswan, K. S., Dhatterwal, J. S., & Ojha, R. P. (2024).AI in personalized learning(pp. 103–

117). Inform.https://doi.org/10.1201/9781003376699-s9  

Khotimah, K., Rusijono, & Mariono, A. (2024). Enhancing metacognitive and creativity 

skills through ai-driven meta-learning strategies. 

https://doi.org/10.3991/ijim.v18i05.47705 

Kim, J., Detrick, R., Yu, S., Song, Y., Bol, L., & Li, N. (2025). Socially shared regulation 

of learning and artificial intelligence: Opportunities to support socially shared 

regulation. Education and Information Technologies, 30(9), 11483–11521. 

https://doi.org/10.1007/s10639-024-13187-9  

Kim, Y. S. G. (2026). What explains the relations between reading comprehension and 

written composition? findings from a longitudinal study. Scientific Studies of 

Reading, 30(2), 105–127. https://doi.org/10.1080/10888438.2025.2582620  

Kinshuk, Chen, N.-S., Cheng, I.-L., & Chew, S. W. (2016). Evolution is not enough: 

Revolutionizing current learning environments to smart learning 

environments. International Journal of Artificial Intelligence in Education, 26(2), 

561–581. https://doi.org/10.1007/s40593-016-0108-x  

Kosaraju, D. (2024). Hierarchical reinforcement learning: Structuring decision-making 

for complex AI tasks. International Journal of Science and Healthcare Research, 7(2), 

485–491. https://doi.org/10.52403/ijshr.20220468 

Lee, C.-W. (2025). Application of generative artificial intelligence in design education: 

An exploration and analysis to enhance student creativity. Engineering 

Proceedings, 98(1), 29. https://doi.org/10.3390/engproc2025098029 

Malik, A., Khan, M. L., Hussain, K., Qadir, J., & Tarhini, A. (2025). AI in higher 

education: Unveiling academicians’ perspectives on teaching, research, and 

ethics in the age of ChatGPT. Interactive Learning Environments, 33(3), 2390–

2406. https://doi.org/10.1080/10494820.2024.2409407  

https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://doi.org/10.3991/ijim.v18i05.47705
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://doi.org/10.52403/ijshr.20220468
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc


Jurnal Santiaji Pendidikan (JSP), Vol. 16, 1 (March 2026): 108-123 122 of 123 

Kumara et.al. (2026)/ AI As a Cognitive Prosthesis: Does Educational Ai Reduce Intellectual Autonomy? 

Maphosa, V. (2024). The rise of artificial intelligence and emerging ethical and social 

concerns. AI, Computer Science and Robotics Technology, 3. 

https://doi.org/10.5772/acrt.20240020  

Mehmood, W., Gondal, S., Faiz, M., & Khurshid, A. (2025). AI-assisted metacognitive 

strategies for improving self-regulated learning among high school students. 

The Critical Review of Social Sciences Studies, 3(2), 2333–2349. 

https://doi.org/10.59075/vk7et188  

Mhlanga, D. (2021). Artificial intelligence in the industry 4.0, and its impact on 

poverty, innovation, infrastructure development, and the sustainable 

development goals: Lessons from emerging economies? Sustainability, 13(11), 

5788. https://doi.org/10.3390/su13115788  

Mindigulova, A. A., Vikhman, V. V., & Romm, M. V. (2024). Artificial intelligence and 

personalized learning: Scaffolding technology. Professional Education in the 

Modern World, 13(4), 613–622. https://doi.org/10.20913/2618-7515-2023-4-3  

Olanrewaju, G. S., Adebayo, S. B., Omotosho, A. Y., & Olajide, C. F. (2021). Left 

behind? The effects of digital gaps on e-learning in rural secondary schools and 

remote communities across Nigeria during the COVID19 pandemic. 

International Journal of Educational Research Open, 2, 100092. 

https://doi.org/10.1016/j.ijedro.2021.100092  

Parekh, V., Shah, D., & Shah, M. (2020). Fatigue detection using artificial intelligence 

framework. Augmented Human Research, 5(1), 5. https://doi.org/10.1007/s41133-

019-0023-4  

Pratama, Muh. P., Sampelolo, R., & Lura, H. (2023). Revolutionizing education: 

Harnessing the power of artificial intelligence for personalized learning. 

Klasikal : Journal Of Education, Language Teaching And Science, 5(2), 350–357. 

https://doi.org/10.52208/klasikal.v5i2.877  

Rabadanova, R., Seminskaya, E., & Filatov, A. (2024). The negative aspects of using 

artificial intelligence for students in solving individual educational tasks. 

Applied Psychology and Pedagogy, 9(3), 115–124. https://doi.org/10.12737/2500-

0543-2024-9-3-115-124  

Rane, N., Shirke, S., Choudhary, S. P., & Rane, J. (2024). Education strategies for 

promoting academic integrity in the era of artificial intelligence and chatgpt: 

Ethical considerations, challenges, policies, and future directions. Journal of ELT 

Studies, 1(1). https://doi.org/10.48185/jes.v1i1.1314  

Rodríguez-Ruiz, J., Marín-López, I., & Espejo-Siles, R. (2025). Is artificial intelligence 

use related to self-control, self-esteem and self-efficacy among university 

students? Education and Information Technologies, 30(2), 2507–2524. 

https://doi.org/10.1007/s10639-024-12906-6  

Sandholm, T., Dong, S., Mukherjee, S., Feland, J., & Huberman, B. A. (2024).Semantic 

navigation for ai-assisted ideation (Version 1). arXiv. 

https://doi.org/10.48550/ARXIV.2411.03575  

https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc


Jurnal Santiaji Pendidikan (JSP), Vol. 16, 1 (March 2026): 108-123 123 of 123 

Kumara et.al. (2026)/ AI As a Cognitive Prosthesis: Does Educational Ai Reduce Intellectual Autonomy? 

Song, N. (2024). Higher education crisis: Academic misconduct with generative AI. 

Journal of Contingencies and Crisis Management, 32(1), e12532. 

https://doi.org/10.1111/1468-5973.12532  

Wan, Y., Li, R., Li, W., & Du, H. (2025). Impact pathways of ai-supported instruction 

on learning behaviors, competence development, and academic achievement 

in engineering education. Sustainability, 17(17), 8059. 

https://doi.org/10.3390/su17178059  

Wang, C. (2025). Exploring students’ generative ai-assisted writing processes: 

perceptions and experiences from native and nonnative english speakers. 

Technology, Knowledge and Learning, 30(3), 1825–1846. 

https://doi.org/10.1007/s10758-024-09744-3  

Yang, Y., & Xia, N. (2023). Enhancing students’ metacognition via AI-driven 

educational support systems. International Journal of Emerging Technologies in 

Learning. https://doi.org/10.3991/ijet.v18i24.45647  

Yao, X., Zhong, Y., & Cao, W. (2025). The analysis of generative artificial intelligence 

technology for innovative thinking and strategies in animation teaching. 

Scientific Reports, 15(1), 18618. https://doi.org/10.1038/s41598-025-03805-y  

Zhan, Z., He, G., Li, T., He, L., & Xiang, S. (2022). Effect of groups size on students’ 

learning achievement, motivation, cognitive load, collaborative problem‑

solving quality, and in‑class interaction in an introductory AI course. Journal of 

Computer Assisted Learning, 38(6), 1807–1818. https://doi.org/10.1111/jcal.12722  
 

 

 

 

 

 

  

https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc
https://www.zotero.org/google-docs/?JcDSVc

