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ABSTRACT

This article explores artificial intelligence's role in developing metacognitive skills in educational set-
tings. Through analysis of adaptive learning systems and AI technologies, the research demonstrates 
advances in personalized learning support and real-​time metacognitive interventions. The study examines 
AI-​enhanced systems like MetaTutor and Betty's Brain, which support self-​regulated learning through 
sophisticated monitoring and feedback mechanisms. Findings show AI-​supported environments can 
achieve 47% improvement in self-​regulated learning strategies and 42% increase in strategy adjustment. 
Implementation challenges include accuracy in detecting metacognitive states, data privacy concerns, 
and balancing AI support with learner autonomy. Future developments in natural language processing, 
emotion recognition, and multimodal learning analytics promise enhanced support capabilities. Success 
requires integrating technological innovation with established pedagogical practices while maintaining 
ethical considerations and human oversight.

1.	 INTRODUCTION

Artificial intelligence (AI) has emerged as a transformative force in education, reshaping how students 
learn, teachers instruct, and institutions operate in the learning and teaching process. AI in education 
is not a new phenomenon. AI in education is evolving from simple computer-​assisted instruction in the 
1960s and 1970s to the complex AI-​powered teaching and learning tools of today. Advancements in AI 
technologies are dramatically changing teaching and learning experiences, offering personalized learning 
experiences and smart tutoring systems to virtual assistants.AI is transforming education by enhancing 



learning, teaching, and administration. Its ability to analyze vast data sets is reshaping traditional practices 
and introducing innovative approaches (Adiguzel, Kaya & Cansu, 2023; Dubé & Wen, 2022).

One of the most important contributions of artificial intelligence technologies to educational environ-
ments is the ability to tailor learning experiences according to individual needs, thanks to the powerful 
processors and graphics cards produced by technological development. AI-​supported learning platforms, 
also known as personalized learning, take into account the individual characteristics of each student, 
such as learning speed and learning style, and adjust and organize the teaching content in real time. AI 
tailors educational experiences to individual students by analyzing their learning patterns and needs. 
Adaptive platforms provide customized content, feedback, and recommendations, enabling students to 
learn at their own pace and improve academic success. (Chan & Hu, 2023).

AI automates time-​consuming tasks such as enrollment, scheduling, and grading. This reduces ad-
ministrative workloads, allowing educators to focus on curriculum development and personalized student 
support, thereby increasing overall efficiency (Al-​Surmi, Bashiri, & Koliousis, 2022; Bo, et al., 2023). 
AI processes student performance data to identify challenges and recommend targeted interventions. 
It generates reports and visualizations, enabling educators to make informed decisions and improve 
learning outcomes through timely actions (Chowdhury, et al., 2023). While AI offers significant bene-
fits in education, challenges such as ethical considerations and equitable access must also be addressed 
to maximize its potential. AI surpasses humans in computational power, excelling at processing vast 
amounts of data, identifying patterns, and predicting outcomes. However, it falls short in understanding 
common-​sense scenarios, making intuitive decisions, and handling novel situations—areas where humans 
excel. By combining these complementary strengths with advancements in AI's conversational abilities 
and situational awareness, collaborative intelligence holds significant potential to enhance performance 
across various domains.

1. 	 Adaptive learning and Artificial Intelligence

Adaptive learning refers to the use of educational technology tools designed to adjust the content, 
learning speed, and learning path to match each learner’s performance and learning style. Adaptive learn-
ing systems utilize data and algorithms to create personalized learning settings to address the strengths 
and weaknesses of the learner. Adaptive learning aims to enhance student engagement and maximize 
learning outcomes through a customized approach.Adaptive learning systems analyze data from learner's 
actions in the learning setting such as assessments, quizzes, writings, and responses to adjust the diffi-
culty level of the content and provide relevant resources. The way the adaptive learning system works 
enables students to receive the appropriate content, and guidance to improve their learning experience. 
Adaptive learning systems provide real-​time feedback to learners to figure out areas for improvement 
and the mistakes made, if any, and how these mistakes can be corrected. The real-​time feedback may 
help learners to understand their current learning curve and adjust their learning path. Furthermore, 
adaptive learning systems may provide additional materials to help the subjects that have been learned 
incompletely or are realized to be missing by providing additional materials.

In the field of education, AI-​based adaptive learning systems can provide learning experiences tailored 
to the needs of students. Adaptive learning conceptual framework focus on five differencet components 
of adaptive learning. The Adaptive Source (Learner Model) (Vandewaetere et al., 2011). tailors learn-
ing based on cognitive, affective, and behavioral characteristics, including knowledge, preferences, and 
motivation (Martin & Markant, 2020). The Adaptive Target consists of the Content Model (Martin & 
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