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 This study investigates the implementation of Artificial Intelligence 

(AI) in enhancing metacognitive interaction in mathematics education. 

Metacognition, which encompasses awareness and regulation of one’s 

cognitive processes, plays a crucial role in effective problem-solving. 

By leveraging AI-driven adaptive learning systems, this research 

develops personalized educational experiences tailored to students' 

individual needs, thereby fostering deeper engagement and 

understanding of mathematical concepts. This case study involving 8 

students and 1 teacher, explores the use of interactive chat prompts, 

particularly ChatGPT, that provide real-time guidance, encouraging 

students to reflect on their problem-solving strategies and thought 

processes. The effectiveness of the AI platform is assessed through a 

series of interventions designed to enhance metacognitive awareness 

and improve learning outcomes in mathematics. Results indicate that 

the integration of AI not only assists students in recognizing their 

cognitive strengths and weaknesses but also supports them in 

employing effective problem-solving strategies. By enhancing 

metacognitive interactions, this approach prepares students for 

complex mathematical challenges and contributes to innovative, 

technology-based educational methodologies. 
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1. INTRODUCTION  

The incorporation of Artificial Intelligence (AI) in education has recently gained traction, 

offering significant possibilities for enhancing the effectiveness of learning and teaching 

methodologies. In mathematics education, AI facilitates innovative pedagogical techniques that can 

provide personalized learning experiences tailored to the diverse needs of students. As educational 

demands evolve, it is critical to equip learners with skills necessary for addressing complex problem-

solving scenarios, where AI can serve as an essential tool. AI encompasses various technological 

applications—ranging from intelligent tutoring systems to interactive chatbots—capable of 

mimicking cognitive functions essential for facilitating learning processes (Russell & Norvig, 2016). 

Despite the potential benefits offered by AI in educational settings, there exists a limited 

understanding of how these technologies influence metacognitive interactions specifically in 
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mathematics education. Traditional teaching methods often inadequately address individual student 

needs, leaving many learners feeling disengaged or overwhelmed. The main research problem is to 

explore how AI can enhance metacognitive awareness, self-regulatory skills, and problem-solving 

strategies among students, thereby improving educational outcomes. 

The study aims to explore the integration of AI technologies in enhancing metacognitive 

interaction among students in mathematics education. Specifically, it seeks to understand how 

adaptive learning systems and interactive chat prompts can foster self-reflection, promote 

personalized learning, and improve problem-solving capabilities. The research aims to document 

students’ lived experiences with AI tools and their impact on metacognitive awareness. 

The study will investigate the following research questions: How do AI-driven platforms 

impact students' metacognitive awareness in mathematics education? In what ways do interactive 

chat prompts facilitate students' reflective thinking and problem-solving skills? How do students 

perceive their learning experiences when utilizing AI technologies in mathematics? The hypotheses 

guiding this research posits that: The integration of AI technologies will positively influence students' 

metacognitive awareness and self-regulation in mathematics. Students using interactive AI tools will 

demonstrate enhanced reflective thinking and improved problem-solving skills compared to 

traditional methods. 

This research holds significant implications for the future of mathematics education, 

particularly concerning the effective integration of AI technologies. The findings aim to provide 

insights into the role of AI in enhancing student engagement, self-regulation, and metacognitive 

skills. By exploring learners’ experiences, the study identifies best practices for using AI to foster 

educational equity, ensuring all students can access innovative learning resources. Furthermore, this 

research contributes to the understanding of how AI can reshape educational methodologies, 

preparing students to meet the challenges of an increasingly digital world and enhancing their overall 

academic performance in mathematics. 

 

Metacognition  

Metacognition, defined as the awareness and regulation of one's cognitive processes, is pivotal in 

effective learning and problem-solving, particularly in mathematics (Flavell, 1979). In the realm of 

mathematics education, students must engage with complex concepts and multifaceted problem-

solving tasks, making metacognitive skills essential for success. Research indicates that 

metacognitive capabilities, encompassing self-regulation, self-monitoring, and self-reflection, 

significantly impact academic performance across various subjects, including mathematics (Schraw, 

2001).  

For instance, students who actively engage in metacognitive practices, such as evaluating 

their problem-solving strategies and assessing their understanding of mathematical concepts, 

demonstrate enhanced problem-solving effectiveness (Zimmerman, 2002). Effective instruction that 

promotes metacognitive strategies empowers learners to independently assess their comprehension, 

adapt their approaches to mathematical problems, and ultimately enhance their academic 

achievement in mathematics (Brown, 1987). Therefore, understanding metacognition’s role in 

educational settings, particularly in mathematics, is essential for informing teaching practices that 

aim to cultivate these critical skills. 

 

The Integration of AI in Mathematics Education 

The integration of Artificial Intelligence (AI) in education—exemplified by tools such as 

ChatGPT, DeepSeek, Gemini, and others—marks one of the most transformative advancements in 

modern pedagogical practices. In mathematics education, AI has gained considerable traction, 

offering innovative solutions for personalizing learning experiences tailored to diverse student needs. 

Traditional educational methods, which often adhere to a one-size-fits-all model, frequently leave 

some students disengaged or struggling with content that fails to align with their unique learning 

paces and styles. In contrast, AI technologies leverage data analytics and machine learning 

algorithms to create dynamic learning environments, customizing educational experiences that 
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enhance student engagement and effectiveness (Russell & Norvig, 2016). These advancements 

signify more than mere technological enhancements; they represent fundamental shifts in the 

delivery and consumption of educational content, particularly in mathematics, where understanding 

foundational concepts is critical for progressing to more advanced topics. 

AI applications, such as intelligent tutoring systems, can provide immediate, personalized 

feedback to students as they navigate mathematical problems. These systems analyze student 

interactions, adapting the content and difficulty level based on real-time performance data. For 

example, students encountering challenges with algebraic concepts may receive tailored hints or 

additional practice problems designed to reinforce their understanding. By offering such personalized 

interventions, AI-driven tools foster a deeper engagement with mathematical content and promote 

the development of metacognitive skills as learners are encouraged to reflect on their thought 

processes and approaches. 

 

The Impact of AI on Metacognitive Interactions 

Despite these promising advancements, there remains a limited understanding of the specific 

ways AI technologies can enhance metacognitive interactions within mathematics education. 

Metacognition is integral to the learning process, particularly in mathematics, where problem-solving 

often involves numerous steps and complex reasoning. Traditional teaching methods frequently 

overlook the individual metacognitive needs of students, which can result in gaps in their self-

regulatory skills and cognitive development. The integration of AI, particularly through adaptive 

learning systems and interactive chat prompts, holds the potential to support students in developing 

greater awareness of their cognitive processes. 

 

Adaptive Learning  

Adaptive learning is an educational approach that personalizes learning experiences based 

on individual students' needs, preferences, and performance. It employs technology-driven 

methodologies to adjust content delivery dynamically, ensuring that learners receive instruction that 

aligns with their unique learning profiles (Heffernan & Heffernan, 2014). In mathematics education, 

adaptive learning systems provide tailored pathways for students, enabling them to progress at their 

own pace while addressing specific areas of difficulty (Kerr & Cormack, 2020). These platforms 

utilize algorithms to analyze real-time data on student performance, offering immediate feedback 

and personalized exercises aimed at reinforcing mathematical concepts. 

Research indicates that adaptive learning technologies can significantly enhance student 

engagement and achievement in mathematics. By supplying individualized instruction, these systems 

help students develop a deeper understanding of mathematical principles and foster motivation by 

allowing them to experience success at their level (Wang et al., 2019). Specifically, adaptive learning 

in mathematics can lead to improved mastery of content, as it focuses on diagnosing learning gaps 

and providing resources that target those deficiencies (VanLehn, 2011). Therefore, the integration of 

adaptive learning systems into mathematics education creates a more responsive and student-

centered learning environment. 

 

Personalized Learning  

Personalized learning, often used interchangeably with adaptive learning, refers to 

instructional strategies that cater to individual learning needs and preferences. It embodies a 

philosophy that places the learner at the center of the educational process, allowing for flexibility in 

how, when, and where students learn (Tamim et al., 2011). Personalized learning in mathematics 

education emphasizes tailored instructional approaches that facilitate student engagement and 

ownership of their learning journey. 

The significance of personalized learning is underscored by its ability to accommodate 

varying student learning styles, interests, and prior knowledge (Hattie, 2009). In this context, 

personalized approaches often incorporate technology to support differentiated instruction and 
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provide tailored resources, enhancing student motivation and achievement. For example, platforms 

that offer personalized content—including practice problems aligned with students' skill levels—can 

lead to increased persistence and a greater likelihood of successful outcomes in mathematics. 

Combining personalized learning strategies with adaptive technologies offers a robust 

framework for improving educational effectiveness. Research shows that the alignment of adaptive 

systems with personalized learning principles enhances student agency, encouraging learners to take 

initiative in their mathematics learning by setting goals, monitoring their progress, and reflecting on 

their understanding (Belland, 2017). This intersection creates an enriching environment that 

nourishes both cognitive and emotional aspects of learning. 

 

The Role of AI in Enhancing Adaptive and Personalized Learning 

The integration of Artificial Intelligence (AI) into adaptive and personalized learning systems 

represents a significant advancement in educational technology. AI's capacity to analyze vast 

amounts of data, recognize patterns, and provide customized feedback enables the development of 

learning platforms that can adapt very quickly to student needs (Luckin et al., 2016). In mathematics 

education, AI-powered adaptive systems not only provide individualized content but also facilitate 

metacognitive awareness by prompting students to reflect on their problem-solving approaches.  

 

2. RESEARCH METHOD  

Research Design 

This study employs a qualitative case study approach to investigate the implementation of 

Artificial Intelligence (AI), specifically ChatGPT, in enhancing metacognitive interaction in 

mathematics learning. A case study methodology is appropriate for an in-depth examination of 

complex educational phenomena within a real-world context (Yin, 2018). This approach allows for 

a holistic understanding of how AI-driven interventions impact students' metacognitive awareness, 

Personal Learning and Adaptive Learning strategies in mathematics learning. 

 

Participants 

The participants in this study include eight students and one mathematics teacher from a 

secondary school that has integrated AI-based learning tools into its curriculum. The students were 

selected using purposive sampling (Creswell & Poth, 2018) to ensure diversity in learning 

experiences and metacognitive engagement. The teacher, who has experience using AI in 

instructional settings, provides insights into pedagogical adaptations and student interactions with AI 

technologies. 

 

Data Collection Methods 

To ensure a comprehensive understanding of how artificial intelligence (AI) enhances 

metacognitive interaction in mathematics learning, multiple qualitative data collection techniques 

were employed. The use of triangulation, as suggested by Denzin and Lincoln (2018), was integral 

to enhancing the validity and reliability of the findings. Three primary methods were utilized: semi-

structured interviews, classroom observations, and document analysis. 

 

Semi-Structured Interviews 

Interviews were conducted with eight students and one mathematics teacher to explore their 

experiences, perceptions, and challenges regarding AI-enhanced metacognitive learning. The semi-

structured format allowed for a flexible yet focused exploration of key issues while enabling 

participants to express their thoughts freely. The questions were designed to elicit insights into how 

AI influenced their learning processes, including their ability to plan, monitor, and regulate their 

problem-solving strategies. Sample interview questions included: How has AI influenced your ability 

to plan and monitor your learning in mathematics? In what ways has AI helped you reflect on and 

adjust your problem-solving strategies? What challenges have you encountered while using AI in 

mathematics learning? 
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These interviews provided rich, qualitative data that revealed the nuanced ways in which AI-

supported learning technologies interact with students' metacognitive abilities. The teacher's 

responses further contextualized the findings, offering insights into pedagogical adjustments and the 

effectiveness of AI integration in the classroom. 

 

Classroom Observations 

In addition to interviews, classroom observations were conducted to analyze the interactions 

between students, teachers, and AI tools during mathematics lessons. By observing real-time 

engagement, this method allowed for the identification of metacognitive behaviors, adaptive learning 

patterns, and student-teacher dynamics within an AI-supported environment. Field notes were taken 

during these sessions to document significant moments of cognitive and metacognitive engagement. 

Furthermore, video recordings were used to capture detailed interactions, enabling a more thorough 

analysis of student responses, self-regulation efforts, and the ways in which AI tools provided 

adaptive feedback (Merriam & Tisdell, 2016). 

 

Document Analysis 

To complement the interview and observational data, document analysis was conducted. 

Learning analytics reports generated by AI-based learning platforms were examined to assess 

students’ engagement patterns, self-regulation strategies, and problem-solving efficiency (Saldaña, 

2021). These reports provided objective data on students' interaction with AI tools, allowing for an 

evidence-based evaluation of their metacognitive progress. Additionally, teacher lesson plans and 

student reflective journals were reviewed to gain further insights into instructional approaches and 

students' self-assessments regarding their learning processes. The integration of these diverse data 

sources facilitated a robust and triangulated analysis of AI’s role in fostering metacognitive 

interaction in mathematics learning. 

 

Data Analysis 

Thematic analysis was employed to systematically analyze the collected data (Braun & Clarke, 

2021). The analysis followed an inductive coding approach, allowing patterns and themes to emerge 

directly from the data. The process consisted of four key stages: 

1. Data Familiarization – Transcripts, observation notes, and documents were reviewed multiple 

times to gain an in-depth understanding of the data. 

2. Initial Coding – Open coding was applied to identify recurring patterns related to AI’s influence 

on metacognitive interaction. 

3. Theme Development – The identified codes were grouped into broader themes, such as AI-assisted 

self-regulation, adaptive feedback, and cognitive reflection. These themes encapsulated the core 

aspects of AI’s role in enhancing metacognitive learning. 

4. Interpretation and Synthesis – The themes were analyzed in relation to existing literature on AI in 

education and metacognition to derive meaningful conclusions. This step ensured that findings 

were contextualized within the broader theoretical framework of AI-enhanced learning. 

 

To ensure the credibility and reliability of the findings, validation strategies were employed. 

Triangulation (Denzin, 2017) was achieved through the use of multiple data sources, including 

interviews, observations, and document analysis. This methodological triangulation enhanced the 

robustness of the findings by cross-verifying data from different perspectives. 

 

 

3. RESULTS AND ANALYSIS  

Based on the interviews and data analysis process, our findings indicate that metacognition 

is a fundamental aspect of self-regulated learning, encompassing an individual's ability to be aware 

of and manage their cognitive processes. Within the context of mathematics education, AI-integrated 
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learning environments serve as a scaffold that supports metacognitive engagement by enhancing 

students’ capacity to reflect on their thought processes, regulate their learning strategies, and refine 

their problem-solving skills. The three primary dimensions of metacognition—metacognitive 

awareness, cognitive regulation, and learning reflection—are essential for fostering independent and 

adaptable learners, equipping them with the cognitive flexibility needed to navigate complex 

mathematical concepts effectively. 

AI-driven educational technologies play a transformative role in fostering personalized 

learning in mathematics education by enhancing autonomy, accommodating diverse learning 

preferences, and enabling curriculum differentiation. Learning autonomy empowers students to 

regulate their mathematical learning journey, selecting materials, problem-solving strategies, and 

pacing that align with their cognitive needs. AI facilitates this process through adaptive feedback, 

intelligent tutoring, and real-time performance analytics, ensuring students receive targeted support 

in mastering mathematical concepts. 

Moreover, AI personalizes mathematics instruction by analyzing learner behaviors and 

tailoring content delivery to optimize engagement and retention of mathematical principles. Through 

curriculum differentiation, AI provides instructional flexibility, allowing learners to follow 

customized pathways based on their academic readiness and problem-solving abilities. These 

adaptive mechanisms create student-centered mathematics learning environments, where real-time 

scaffolding and individualized feedback foster deeper conceptual understanding, procedural fluency, 

and metacognitive growth. As AI continues evolving, its integration into mathematics education will 

be essential for enhancing instructional effectiveness, promoting inclusivity, and supporting students 

in developing the analytical skills necessary for success in complex mathematical domains. 

Adaptive learning, driven by artificial intelligence, enhances mathematics education by 

fostering responsiveness to change, continuous feedback, and technology-driven personalization. 

The ability to respond to change is essential as students engage with varying levels of mathematical 

complexity, requiring adaptive problem-solving strategies. Continuous feedback enables learners to 

refine their mathematical reasoning through real-time performance analysis, guiding them toward 

conceptual mastery. Additionally, AI-driven technology in adaptive learning personalizes instruction 

by analyzing student performance data, predicting learning gaps, and adjusting content delivery to 

strengthen both foundational and advanced mathematical skills. 

 

Thematic Dimension Explanation 

 

Metacognition 

Metacognitive 

Awareness 

demonstrate an understanding of their own cognitive 

processes, recognizing their strengths and weaknesses 

in learning and developing strategies to enhance 

learning effectiveness. 

Cognitive 

Regulation 

apply learning management strategies, such as 

planning, monitoring, and evaluating academic 

performance to achieve optimal learning outcomes. 

Learning 

Reflection 

A reflective process is undertaken to assess the 

effectiveness of strategies used, identify challenges, 

and adjust learning approaches based on prior 

experiences. 

Personal 

Learning 

Learning 

Autonomy 

control over their learning processes, including the 

selection of materials, learning strategies, problem 

solving skill and the pace of learning according to 

individual preferences. 



7 

SIBERTEK, Vol.1, No.1, NOV 2025: 1 - 10  

 

Implementation of Artificial Intelligence in Enhancing Metacognitive Interaction in Mathematics Learning  

Y. T. Khoe 

 

Thematic Dimension Explanation 

Learning 

Preferences and 

Styles 

cognitive tendencies and individual learning styles, 

supporting a more meaningful and effective learning 

experience. 

Curriculum 

Differentiation 

emphasizes curriculum adaptation, allowing flexibility 

in choosing learning pathways that align with 

individual needs. 

Adaptive 

Learning 

Response to 

Change 

adaptability to changes in the learning environment, 

including technology, learning strategies, and social 

dynamics within the classroom. 

Continuous 

Feedback 

involves a continuous feedback mechanism to adjust 

learning methods and materials based on learners’ 

progress. 

Technology in 

Adaptive Learning 

use of artificial intelligence and digital learning 

systems enables personalized learning experiences 

through the analysis of individual performance data. 

 

This thematic framework provides a comprehensive understanding of how AI facilitates 

metacognitive interaction by fostering self-regulation, personalized learning pathways, and adaptive 

instructional support. Future research should further explore the longitudinal effects of AI-based 

interventions on students’ metacognitive growth, considering both cognitive and affective 

dimensions of learning engagement. 

 

 
Graph.1 Thematic Hierarchical Model of learning. 

 

The thematic hierarchical model organizes learning components into structured categories, 

enhancing clarity in educational research and curriculum design. It helps educators analyze 

metacognition, personal learning, and adaptive learning systematically. This model supports 
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personalized learning, effective strategy development, and technology integration, improving 

teaching methodologies and student learning outcomes efficiently.  

 

 

4. CONCLUSION  

Our investigation confirms that AI-driven adaptive learning systems significantly enhance 

metacognitive interaction in mathematics education, emphasizing the pivotal role of self-regulated 

learning in academic success. The study highlights how interactive chat prompts and real-time 

feedback empower students to reflect on their problem-solving approaches, monitor their cognitive 

processes, and refine their strategic thinking—ultimately deepening their grasp of complex 

mathematical concepts. 

Furthermore, the findings indicate that AI integration not only facilitates the identification 

of individual cognitive strengths and weaknesses but also fosters critical thinking and robust 

problem-solving abilities. By offering personalized learning pathways, these systems adapt 

dynamically to students’ needs, promoting engagement, autonomy, and mastery of mathematical 

reasoning. 

Given these insights, it is strongly recommended that educational institutions integrate AI-based 

platforms to customize instruction, optimize feedback mechanisms, and enhance adaptive learning 

experiences. This entails not only the deployment of advanced AI tools but also comprehensive 

educator training to ensure effective implementation. Additionally, continuous performance 

assessment protocols should be established to measure and refine AI-driven interventions. 

Ultimately, AI’s integration into mathematics education does more than support metacognitive 

growth—it nurtures independent, adaptable learners capable of navigating the evolving challenges 

of modern mathematical inquiry with confidence and precision. 

 

Implementation 

To effectively implement AI-driven adaptive learning in mathematics education, institutions 

should integrate AI-powered platforms that offer personalized learning, real-time feedback, and 

adaptive problem-solving pathways. Educators must receive targeted training to leverage AI insights, 

ensuring seamless integration with existing curricula. AI tools should diagnose individual student 

needs, enabling differentiated instruction and self-regulated learning while fostering deeper 

conceptual understanding. 

Continuous monitoring and assessment are essential to measure AI’s impact on learning 

outcomes and refine instructional strategies. Ethical considerations, including data privacy and 

responsible AI use, must be prioritized to maintain a balanced, student-centered approach. By 

leveraging AI effectively, institutions can cultivate critical thinking, metacognitive skills, and 

independent problem-solving abilities, preparing students for the challenges of modern mathematics. 
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