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Abstract

This study investigates the impact of artificial intelligence (AI) on children’s cognitive development,
focusing on its dual role in enhancing knowledge acquisition while potentially reducing independent
thinking. Using a literature-based analysis of recent studies in Al, education technology, and cognitive
psychology, the research examines how Al influences personalized learning, student engagement, critical
thinking, and problem-solving abilities. The findings show that Al improves learning efficiency through
adaptive education, instant feedback, and wider access to information. However, excessive reliance on Al
may decrease cognitive effort and encourage passive learning behaviors. The study concludes that Al
should function as a learning support tool rather than a replacement for human intelligence. Effective Al
integration requires balancing technological assistance with the development of creativity, critical
thinking, and independent reasoning.

Keywords: Artificial Intelligence, Children’s Development, Al in Education, Cognitive Development,
Critical Thinking.

1. Introduction

Artificial Intelligence (Al) has rapidly become one of the most influential technological innovations in
modern education. Once confined to research laboratories, Al is now integrated into classrooms, homes,
and digital learning environments, enabling children to access personalized educational resources within
seconds [1]. Intelligent tutoring systems, adaptive learning platforms, and generative Al applications have
transformed the traditional educational process by providing immediate feedback, customized learning
pathways, and virtually unlimited access to information [2].

While these developments offer unprecedented opportunities for improving educational quality, they also
raise important concerns regarding children's cognitive development. Education aims not only to transmit
knowledge but also to cultivate critical thinking, creativity, problem-solving abilities, and intellectual
independence [3]. The increasing reliance on Al-generated answers has prompted educators and
researchers to question whether children are developing deeper understanding or merely consuming
information without meaningful cognitive engagement [4].

Previous studies have demonstrated that Al-based educational systems significantly improve student
engagement and learning outcomes through adaptive instruction and personalized support. Holmes
emphasized Al's capacity to individualize learning, while Luckin argued that Al should enhance rather than
replace human intelligence [5]. More recently, Kasneci highlighted both the opportunities and challenges
associated with generative Al in education, noting that excessive dependence may weaken students' critical
thinking and independent reasoning [6].
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Despite growing research on Al in education, there remains limited consensus regarding its long-term
influence on children's intellectual development. Most existing studies focus either on educational
effectiveness or technological implementation, whereas fewer investigations examine the balance between
improved knowledge acquisition and reduced cognitive effort [7].

Therefore, this study aims to examine the dual influence of artificial intelligence on children's cognitive
development by synthesizing recent literature from education, cognitive psychology, and educational
technology [8]. Specifically, it investigates whether Al functions primarily as a tool that enhances learning
or whether excessive reliance on intelligent systems may gradually reduce children's independent
intellectual effort [9].

2. Methodology

This study employs a narrative literature review to analyze recent academic research concerning artificial
intelligence and children's cognitive development. Unlike a systematic review, the objective is to
synthesize major theoretical perspectives and empirical findings rather than exhaustively identify every
available publication.

The literature search focused on peer-reviewed journal articles, scholarly books, reports published by
international organizations including UNESCO and the OECD, and recent empirical studies published
between 1982 and 2025. Priority was given to publications addressing intelligent tutoring systems,
generative artificial intelligence, adaptive learning technologies, cognitive development, critical thinking,
and educational policy.

The selected literature was evaluated according to three criteria:
o relevance to Al-supported learning;
« contribution to understanding children's cognitive development;
« empirical or policy-based evidence regarding Al implementation in education.

The collected literature was analyzed using thematic synthesis. Studies were grouped into major themes
including personalized learning, adaptive tutoring, critical thinking, cognitive effort, Al dependency, and
educational policy. Similarities and differences among previous findings were then compared to identify
common patterns and remaining research gaps.

Al-assisted learning can increase educational accessibility and support students with different learning
needs; however, excessive dependence on digital tools may encourage passive learning behaviors and
reduce cognitive effort. Therefore, the influence of Al on children’s development cannot be evaluated as
simply positive or negative. Its impact depends on how Al is integrated into educational practices and
whether it functions as a support system or a replacement for human thinking. Several researchers have
examined the role of artificial intelligence in education. Holmes, Bialik, and Fadel argued that Al has the
potential to personalize learning and improve educational outcomes. Similarly, Luckin emphasized that Al
should augment human intelligence rather than replace it. More recently, Kasneci highlighted both the
opportunities and risks of generative Al in education, noting that while it enhances accessibility and
learning support, excessive dependence may reduce critical thinking and independent reasoning. These
findings suggest that Al has a dual impact on children’s learning, creating a need for further research on
balancing technological assistance with cognitive development.

This study investigates the relationship between artificial intelligence and children’s cognitive development
by examining two opposing perspectives: Al as a tool that enhances knowledge acquisition, and Al as a
factor that may reduce independent intellectual effort. By analyzing existing research in artificial
intelligence, educational technology, and cognitive psychology, this paper aims to identify how educators
and policymakers can maximize the benefits of Al while protecting essential human abilities such as
creativity, critical thinking, and independent reasoning.

Al as a New Learning Environment

For centuries, education has been based on a simple model: a teacher provides knowledge, and students
receive and process that information. However, artificial intelligence is changing this traditional
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relationship by creating a new learning environment in which students can interact with technology as a
personalized learning partner.

The concept of intelligent tutoring systems is not new. In 1982, Sleeman and Brown introduced the idea of
intelligent computer-based tutors that could adapt to students’ learning processes rather than simply deliver
information. Their work became one of the foundations for modern Al-driven education systems.

With the development of machine learning, Al systems became capable of analyzing student behavior,
identifying learning difficulties, and adjusting educational content. According to Woolf, intelligent tutoring
systems can support learners by providing personalized guidance, immediate feedback, and adaptive
instruction. This approach represents a shift from a “one-size-fits-all” education model toward a more
individualized learning experience.

The emergence of generative Al has accelerated this transformation. Technologies such as large language
models allow students to ask questions, receive explanations, and explore different perspectives instantly.
Kasneci highlighted that large language models have significant potential in education by supporting
personalized learning, improving accessibility, and assisting both students and teachers. However, the
authors also emphasized the importance of responsible implementation, because Al systems may influence
how students search for, evaluate, and use information.

One of the most significant advantages of Al-based learning environments is immediate feedback.
Traditional education often requires students to wait for a teacher’s evaluation, whereas Al systems can
provide instant explanations and corrections. Research by VanLehn demonstrated that intelligent tutoring
systems can achieve learning outcomes comparable to human tutoring in certain educational contexts,
showing the potential of Al to become an effective learning assistant.

The introduction of Al raises a fundamental educational question: if Al can explain almost anything
instantly, will students still develop the patience to discover answers themselves? Knowledge acquisition is
not only about receiving information; it is also about the cognitive process of questioning, struggling, and
constructing understanding. Therefore, the role of Al in education should not be viewed as replacing
human learning processes but as enhancing them. The future learning environment will likely not be
defined by Al replacing teachers or students, but by collaboration between human intelligence and artificial
intelligence. The challenge for education systems is to ensure that Al expands children’s abilities without
weakening their capacity for independent thought.

Figure 1. An Al-enhanced classroom of the future, illustrating personalized digital learning tools
alongside traditional instruction.

Volume: 05 Issue: 01 | 2026 Page | 87
https://univerpubl.com/index.php/horizon


https://univerpubl.com/index.php/horizon

Horizon: Journal of Humanity and Artificial Intelligence

PIONEERS OF INTELLIGENT TUTORING SYSTEMS

ped the field of Al-driven adap

Derek Sleeman Kurt VanLehn

Pne of the founding figures behin Studied the effectivi o
ept o flllg nt Tutoring| intelligen lllv\qytem:m
w

Systel real leaming outs

Beverly Woolf

Figure 2. Pioneers of Intelligent Tutoring Systems key researchers who shaped the field of Al-driven
adaptive learning

3. Results and Discussion
Potential Benefits of Al in Children's Education

Artificial intelligence is rapidly transforming education by making learning more personalized, interactive,
and accessible. Unlike traditional educational approaches, Al systems can adapt learning materials to
students’ individual needs, provide real-time feedback, and support continuous learning both inside and
outside the classroom. As a result, many international organizations recognize Al as one of the most
influential technologies shaping the future of education [10].

According to UNESCO's Guidance for Generative Al in Education and Research, Al has the potential to
improve educational quality by expanding access to learning resources, supporting students with different
learning abilities, and helping teachers design more personalized learning experiences. However, UNESCO
emphasizes that Al should be used to support human learning rather than replace teachers or independent
thinking [11].

unesco www.unesco.org/en/digital-education/ai-future-learning/guidance

“The publication offers concrete
= = recommendations for policy-makers and
education institutions on how the uses of GenAl
tools can be designed to protect human agency

and genuinely benefit students, teachers and researchers.”

O@ -
. \ Contents:

e What is GenAl?
\ e Controversies & Implications for Education
* Regulating GenAl in Education
* Towards a Policy Framework for Education & Research
* Facilitating Creative Use of GenAl in Education & Research
e GenAl & the Future of Education & Research

Fugure 3. UNESCO's Guidance for Generative Al in Education and Research

One of Al's greatest strengths is its ability to provide immediate feedback. Instead of waiting for
assignments to be graded, students can instantly identify mistakes, receive explanations, and continue
learning without interruption. This continuous feedback encourages active learning and helps learners
understand concepts more efficiently [12].

Further evidence comes from a randomized controlled trial published in Scientific Reports, in which Kestin
found that college students using a custom-built Al tutor achieved significantly greater learning gains in
less time than students in an active-learning classroom, and also reported higher engagement and
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motivation [13]. While this study was conducted with college-age participants rather than children, it
demonstrates that well-designed Al tutoring systems can improve learning efficiency while maintaining
academic quality, supporting Al's potential as an effective educational assistant. Broader systematic
reviews of intelligent tutoring systems in K—12 settings report more mixed results, with generally positive
but smaller effects when Al tutors are compared to other tutoring approaches rather than to unassisted
instruction underscoring that the size of Al's benefit depends heavily on what it is being compared against
[14].

Conceptual Framework

The relationship between Al and education can be summarized as a balance between two opposing forces.
On one side, Al offers benefits such as expanded access to knowledge and increased learning motivation.
On the other side, it carries risks, particularly the potential for dependency and a decline in independent
critical thinking. The central task for educators and policymakers is to design Al integration so that the
benefits are realized without the risks becoming dominant [15].

Timeline: 1982 — Intelligent Tutoring Systems (Sleeman & Brown) — 2010 — Adaptive tutoring research
(Woolf) — 2011 — Al tutoring effectiveness studies (VanLehn) — 2023 — Generative Al in education
(Kasneci et al.) — 2025 — Al tutor outperforming active learning in an RCT (Kestin et al.)

Hlustrative summary of key educational benefits reported in recent literature

Adapts pace and
Personalized Learning content to each

student's needs

Provides real-time

Immediate Feedback guidance during

learning tasks

Expands availability
of learning materials
and tools
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Increased Learning Motivation engagement through

interactive support

Figure 4. Illustrative summary of key educational benefits reported in recent literature.
The Al Paradox: More Knowledge, Less Thinking?

Imagine two students sitting in the same classroom. Both are given the same assignment, and both achieve
the highest score. The first student spends an hour reading, analyzing information, making mistakes, and
finding solutions independently. The second student asks an Al assistant for the answers and completes the
task in fifteen minutes. Although their grades are identical, have they learned in the same way?

This simple scenario reflects one of the most important debates in modern education. Artificial intelligence
has made knowledge more accessible than ever before, but it has also raised concerns about whether easy
access to answers may reduce the cognitive effort required for meaningful learning. Education is not
measured only by correct answers; it is also measured by the ability to question, analyze, and solve
unfamiliar problems.

A similar perspective is presented in the OECD Learning Compass 2030, which identifies critical thinking,
creativity, and responsible decision-making as essential competencies for future generations. These abilities
are developed through discussion, reflection, and problem-solving rather than by simply receiving ready-
made answers. As Al becomes more common in education, preserving these human skills becomes
increasingly important.

As a result, the central issue is not whether children should use Al, but whether Al encourages them to
think more deeply or simply think less. Artificial intelligence should become a tool that expands children's
intellectual abilities, not a substitute for the thinking process that education is designed to develop.
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Case Studies and Real-World Applications of Al in Education

Several countries have already integrated Al into their educational systems, providing valuable insights
into both its opportunities and challenges. These real-world experiences demonstrate that the effectiveness
of Al depends not only on the technology itself but also on how it is implemented within educational
policies.

One leading example is Estonia, one of Europe's most digitally advanced education systems. In 2025, the
Estonian government launched the Al Leap 2025 initiative to introduce Al tools into secondary schools
while training teachers to use these technologies responsibly. Rather than allowing Al to replace traditional
learning, the program focuses on helping students evaluate Al-generated information, strengthen digital
literacy, and develop critical thinking skills. This approach highlights that Al is most effective when
combined with strong human guidance.

Another example is Singapore, where Al has been integrated into digital learning platforms to support
personalized education. Students receive adaptive exercises based on their individual learning progress,
enabling teachers to identify learning difficulties earlier and provide targeted support. According to
Singapore's national digital education strategy, Al is intended to improve learning efficiency while
maintaining teachers as the central figures in the educational process.

ORGANIZATION

UNESCO

Figure 5. How different countries and organizations are shaping Al in learning

These examples demonstrate that Al is neither inherently beneficial nor harmful. Its impact depends on
educational policy, teacher involvement, and responsible use by students. Countries that combine
technological innovation with human-centered learning are more likely to achieve positive educational
outcomes than those relying on technology alone.

Beyond the Classroom: Preparing Children for an Al-Driven Future

Artificial intelligence is no longer a technology of the future — it is already shaping how children learn,
communicate, and solve problems. Therefore, the central challenge for education is no longer whether Al
should be introduced into schools, but how children can learn to use it responsibly without losing the
ability to think independently. Future education should focus on developing skills that artificial intelligence
cannot easily replace. While Al can generate information within seconds, it cannot fully replicate human
curiosity, ethical judgment, emotional intelligence, or original creativity. These uniquely human abilities
will become increasingly valuable as Al becomes more advanced.

Achieving this balance requires schools to integrate Al literacy into their curricula, teaching students not
only how to use Al tools but also how to evaluate Al-generated information critically. Teachers should
encourage students to question Al responses, compare multiple sources, and attempt to solve problems
independently before relying on technological assistance.
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Parents also play a crucial role by promoting healthy Al habits at home and encouraging activities that
strengthen creativity, communication, and independent reasoning. The future of education will not depend
on how intelligent artificial intelligence becomes; it will depend on whether education continues to develop
intelligent humans. Al should remain a partner in learning — not the thinker on behalf of learners.

The greatest risk is not that artificial intelligence will become smarter than children, but that children may
gradually stop challenging themselves to think beyond the answers.

Comparative overview of key instructional dimensions in conventional and Al-enhanced educational environments.

m Traditional Learning | Al-supported Learning

@ Learning Pace ® Fixed pace, same for all students ® Adaptive, personalized to each learner

n Feedback ® Delayed (after tests or homework) ® Immediate and continuous

& Content Personalization @ Limited, one-size-fits-all materials ® Customized to learner's progress and needs

F'_] Teacher's Role ® Primary source of instruction ® Facilitator, supported by Al tools

@ Access to Resources ® Limited to classroom materials ® Expanded access to global learning resources

Assessment ® Periodic, standardied testing @ Continuous, data-driven assessment

30 .

"' Student Engagement ® Often passive, varies by learner ® Increased through interactive, adaptive tools

@ Support for Diverse Learners @  Limited accommodation for individual needs ® Enhanced support (e.g., text-to-speech, translation)
Note. This table summarizes key differences between traditional instructional models and Al-supported learning environments

Figure 6. Comparative overview of key instructional dimensions in conventional and Al-enhanced
educational environments (original graphic)

Table 1. This table summarizes key differences between traditional instructional models and Al-
supported learning environments

Dimension Traditional Learning Al-Supported Learning

Learning Pace Fixed pace, same for all students | Adaptive, personalized to each learner

Feedback Delayed (after tests or homework) | Immediate and continuous

Content Limited, one-size-fits-all Customized to learner's progress and

Personalization materials needs

Teacher's Role Primary source of instruction Facilitator, supported by Al tools

Access to Resources | Limited to classroom materials Expanded access to global learning
resources

Assessment Periodic, standardized testing Continuous, data-driven assessment

Student Often passive, varies by learner Increased through interactive, adaptive

Engagement tools

Support for Diverse | Limited accommodation for Enhanced support (e.g., text-to-speech,

Learners individual needs translation)

4. Conclusion

Artificial intelligence has become one of the most transformative innovations in modern education,
fundamentally changing how children access, process, and apply knowledge. This review has demonstrated
that Al offers significant educational advantages, including personalized learning, immediate feedback, and
greater access to information. At the same time, it presents important challenges related to critical thinking,
intellectual independence, and the development of higher-order cognitive skills. The evidence reviewed
throughout this study suggests that Al itself is neither the problem nor the solution; its educational impact
depends on how it is used. When integrated responsibly, Al can expand children's opportunities to learn,
explore, and innovate. But when it replaces curiosity, reasoning, and independent problem-solving, it risks
weakening the very abilities that education is intended to develop. This article began with a simple but
important question: is artificial intelligence creating a generation with greater knowledge, or a generation
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that thinks less? Based on the literature examined, the answer is that the future will not be determined by
artificial intelligence alone, but by the choices made in how it is used. As technology continues to evolve,
education must ensure that children do not become passive consumers of Al-generated answers. Instead,
they should become critical thinkers who know when to question, verify, and challenge those answers. The
purpose of education has never been merely to provide information it has always been to cultivate minds
capable of creating new ideas and solving problems that have never existed before.

Perhaps the future of education will not belong to the children who can ask Al the most questions, but to
the children who can ask the questions that Al has never learned to answer.
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