
                                                               Advances in Multidisciplinary Research and Innovation                                                 page no: 319 

Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey) 

ISBN: 978-93-7185-118-3 | E-ISBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7 

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang 

Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India 

Chapter 38: Use of AI-Enabled ICT Tools in Mathematics Teaching 

Pramit Rej
1*

 

1
Department of Mathematics, Sarat Centenary College, Dhaniakhali, 

Hooghly, West Bengal 712 302, India 

*
Corresponding Author E-mail: pramitrej@gmail.com , pramitr@sccollegednk.ac.in 

 

Abstract 

The incorporation of Artificial Intelligence (AI) alongside Information and Communication Technology (ICT) into 

mathematics education represents a significant transformation in how mathematical concepts are taught, learned, 

and evaluated. This chapter examines both the theoretical underpinnings and practical implementations of AI-

enabled ICT tools within mathematics classrooms. The discussion encompasses Intelligent Tutoring Systems (ITS), 

adaptive learning platforms, dynamic geometry software augmented with machine learning capabilities, and 

generative AI applications for instructional design. The chapter explores pedagogical advantages including 

individualized instruction and immediate feedback, while also addressing challenges such as data protection 

concerns, unequal access to technology, and the transformation of educator roles. By synthesizing current research 

findings with practical classroom approaches, this chapter aims to assist mathematics educators in effectively and 

ethically incorporating these powerful technological resources. 

Keywords: Artificial Intelligence (AI), Information and Communication Technology (ICT), Mathematics education, 

Intelligent Tutoring Systems (ITS), Adaptive learning platforms. 

 

1 Introduction 

Mathematics occupies a distinctive position within human knowledge—hailed as the universal language 

of science and a discipline that nurtures logical reasoning and imaginative problem-solving, yet for many 

students, it remains a source of apprehension and disconnection. This contradiction between the inherent 

elegance of mathematics and its frequent pedagogical misrepresentation has persistently challenged 

educators across the globe. 

Historically, mathematics instruction has largely followed a transmission model of education—where 

mathematical knowledge is viewed as a static collection of facts and procedures to be passed from 

teacher to student through lectures and repetitive exercises. Students exposed to this approach frequently 

acquire procedural skills without corresponding conceptual comprehension, perceiving mathematics as 

disconnected rules rather than an integrated body of knowledge. 

The introduction of Information and Communication Technology (ICT) in education offered the first 

substantial challenge to this transmission model. Early ICT tools—ranging from drill-and-practice 

software to dynamic geometry environments—shifted emphasis from teacher-directed instruction to 

student-centered exploration. However, these early tools had limitations in their ability to adjust to 

individual student requirements, diagnose misunderstandings, or offer intelligent guidance. 

The incorporation of Artificial Intelligence (AI) into ICT tools marks the next major advancement in 

mathematics education. AI-enabled tools can customize instruction to address individual student needs, 
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provide diagnostic feedback, and involve students in interactive learning experiences. They can process 

extensive student data to reveal thinking patterns invisible to human observers, supporting teachers in 

making well-informed instructional decisions. 

This chapter offers a thorough examination of AI-enabled ICT tools in mathematics teaching, 

investigating their theoretical foundations, practical applications, pedagogical advantages, and associated 

challenges. We explore Intelligent Tutoring Systems, adaptive learning platforms, AI-enhanced dynamic 

software, and generative AI applications, concluding with a balanced perspective on the future of AI-

enhanced mathematics education. 

2 The Evolution of ICT in Mathematics 

Understanding the historical progression of technological integration in mathematics education 

illuminates both the potential and constraints of current AI applications. The evolution of ICT represents 

not merely technological advancement but a story of changing pedagogical philosophies and ongoing 

negotiations between tradition and innovation. 

2.1 Traditional ICT Tools 

The earliest technology-enhanced mathematics education was characterized by a "digitization" 

approach—converting existing instructional materials from print to digital formats with minimal 

transformation of pedagogical methods. 

Drill-and-Practice Software: During the 1960s and 1970s, programs like PLATO offered drill-and-

practice exercises in arithmetic and basic algebra, providing immediate feedback. While technologically 

significant, their pedagogical approach remained largely consistent with traditional workbook exercises. 

Spreadsheets and Basic Graphing Tools: The 1980s and 1990s introduced spreadsheets and graphing 

tools that allowed students to explore numerical patterns and visualize data. These tools offered 

advantages over paper-and-pencil methods but remained essentially "passive," requiring users to pose 

questions and interpret results without intelligent guidance. 

Web-Based Resources: The emergence of the World Wide Web opened possibilities for accessing and 

sharing mathematical content. Online repositories of lesson plans and interactive applets proliferated, yet 

the pedagogical model remained predominantly transmission-oriented with limited interactivity or 

adaptability. 

Limitations of Early ICT: These tools were constrained by a one-size-fits-all model, binary feedback 

without insight into errors, and an inability to diagnose misconceptions or adapt instruction dynamically. 

The integration of AI addresses precisely these limitations, marking a qualitative leap forward. 

2.2 Dynamic Mathematical Environments 

The limitations of early ICT prompted a shift toward more interactive learning environments, driven by 

constructivist theories emphasizing the active role of learners in constructing mathematical knowledge. 

This shift gave rise to Dynamic Mathematical Environments (DMEs). 

Dynamic Geometry Software (DGS): Tools like The Geometer's Sketchpad and GeoGebra allow users 

to construct geometric figures and dynamically manipulate them, observing invariant properties and 
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formulating conjectures. DGS transforms geometry from a static, theorem-driven subject into a dynamic, 

exploratory domain where students can ask "what if" questions and test hypotheses. 

Computer Algebra Systems (CAS): Systems like Mathematica, Maple, and TI-Nspire CAS perform 

algebraic manipulations, solve equations, and simplify expressions. By automating routine procedures, 

CAS frees students to focus on higher-order problem-solving. However, their use remains debated—

critics argue over-reliance may undermine procedural fluency, while proponents contend they enhance 

conceptual understanding. 

From Passive to Interactive, but Still Not Intelligent: Despite their interactive character, DMEs 

remained fundamentally "passive." They provided rich environments for exploration but offered no 

intelligent guidance, adaptive feedback, or diagnostic insight. This limitation set the stage for the 

integration of artificial intelligence. 

2.3 The AI Paradigm Shift 

The integration of AI into ICT tools represents not merely incremental improvement but a fundamental 

paradigm shift. 

From Passive Tools to Active Learning Partners: AI-enabled tools function as active partners in the 

learning process. They interpret and analyze user inputs, adapt behavior accordingly, recognize patterns 

invisible to human observers, and adjust instructional strategy to address specific learner needs. These are 

not merely tools but tutors—intelligent agents participating in the co-construction of mathematical 

understanding. 

The Role of Machine Learning: Machine learning algorithms enable systems to improve through 

experience. By analyzing large datasets of student interactions, models identify patterns associated with 

misconceptions, predict effective instructional strategies, and refine adaptive algorithms over time. This 

capacity for continuous improvement sets AI-enabled tools apart from static traditional software. 

The Role of Natural Language Processing: NLP enables systems to understand and respond to natural 

language questions and explanations. This capability is particularly significant in mathematics education, 

where articulating reasoning and engaging in mathematical discourse is central to conceptual 

understanding. Generative AI and large language models represent the cutting edge of this development. 

3 Key AI-Enabled ICT Tools in Mathematics 

Contemporary AI-enabled tools represent the cutting edge of educational technology, embodying the 

paradigm shift from passive instruments to active learning partners. 

3.1 Intelligent Tutoring Systems (ITS) 

ITS represent the most mature and ambitious application of AI in education, drawing upon decades of 

research in cognitive science, AI, and educational psychology. They aim to simulate expert human 

tutoring by maintaining a continuous, dynamic model of the student's cognitive state, adapting instruction 

in real time. 

The Cognitive Architecture of ITS: Every ITS comprises four interconnected components: 

1. The Domain Model: A formal representation of knowledge, skills, and concepts to be learned. 
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2. The Student Model: A dynamic representation of the student's current knowledge state, 

continuously updated based on interactions. 

3. The Tutoring Model: The pedagogical engine determining instructional actions based on the 

student's state. 

4. The User Interface Model: The means by which students interact with the system. 

This integration enables instruction that is both adaptive and diagnostic—identifying not just errors but 

their underlying causes. 

MATHia: A Case Study: Developed by Carnegie Learning, MATHia tracks every interaction—not 

merely final answers but every step taken. By analyzing step-by-step processes, the system identifies 

specific error patterns, diagnoses cognitive misconceptions, and provides targeted feedback. For example, 

if a student consistently adds coefficients of variables with different exponents, the system recognizes 

this as a misconception about combining like terms and provides instruction addressing that specific 

misunderstanding. 

ALEKS: Drawing upon the mathematical theory of knowledge spaces, ALEKS uses adaptive 

questioning to rapidly determine the boundaries of a student's knowledge—topics mastered, not yet 

learned, and "ready to learn" based on prerequisite relationships. By efficiently assessing mastery, 

ALEKS determines the optimal path through the curriculum, ensuring students work on topics that are 

challenging but achievable—what Vygotsky called their "zone of proximal development." 

3.2 Adaptive Learning Platforms 

Adaptive learning platforms take a broader view of personalized instruction, integrating AI into the entire 

learning ecosystem—from content delivery to assessment to analytics. 

DreamBox Learning: Designed for K-8 mathematics, DreamBox tracks how students solve problems, 

analyzing correctness and strategies used. It adapts not just problem difficulty but the pedagogical 

approach itself—adjusting feedback type, representation mode, and activity sequence based on learning 

preferences and demonstrated strengths. 

Key Features: Adaptive platforms share several distinguishing features: 

 Continuous, Formative Assessment: Embedding assessment into the learning process itself. 

 Multiple Pathways: Maintaining multiple possible paths through the curriculum. 

 Teacher Dashboards: Aggregating student data into actionable insights for informed 

instructional decisions. 

3.3 AI-Enhanced Dynamic Software 

Modern dynamic mathematics software is incorporating AI to transform passive exploration spaces into 

intelligent partners in mathematical inquiry. 

Intelligent Assistance: Platforms like GeoGebra now experiment with AI to automatically generate step-

by-step proofs, suggest alternative visual representations, and provide hints when students are stuck. A 
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student working on a geometric proof might receive a suggestion to construct an auxiliary line with an 

explanation of why it might be helpful. 

Intelligent Analysis: AI-enhanced DMEs can analyze student work products to identify patterns, 

diagnose misconceptions, and provide feedback. A student's sequence of algebraic manipulations might 

reveal a systematic error in applying the distributive property, leading to targeted remediation. 

The integration of AI into DMEs is still early, but the potential is immense—combining rich exploratory 

affordances with diagnostic and adaptive capabilities to create learning experiences that are both open-

ended and intelligent. 

3.4 Generative AI and Large Language Models (LLMs) 

Large language models such as ChatGPT, Google Gemini, and Claude have opened unprecedented 

possibilities for mathematics education. 

Automated Problem Generation: Teachers can use LLMs to generate infinite variations of word 

problems tailored to students' interests and contexts—reframing a calculus problem about population 

change as a problem about a sports team's social media growth, for example. This personalization 

enhances engagement and relevance. 

Lesson Planning and Instructional Design: LLMs assist educators in designing lesson plans, rubrics, 

and differentiated instruction strategies. A teacher planning a lesson on polynomial factorization might 

generate multiple approaches, identify common misconceptions, and suggest formative assessment 

questions. 

Automated Response to Student Explanations: Perhaps most powerful is the capacity to respond to 

student explanations in natural language. Students struggling to articulate reasoning receive guidance to 

clarify their thinking. Those providing correct answers but demonstrating superficial understanding 

receive follow-up questions for deeper engagement. 

Limitations and Cautions: Despite remarkable capabilities, LLMs come with significant risks: 

 Mathematical Hallucinations: Generating mathematically incorrect explanations. 

 Inconsistent Pedagogical Quality: Quality varies widely depending on prompts and context. 

 Lack of Deep Understanding: LLMs are pattern-matching systems without genuine 

mathematical understanding. 

These limitations underscore the importance of critical engagement and the continued role of human 

educators in validating AI-generated content. 

4 Pedagogical Benefits of AI-Enabled Tools 

The potential of AI to transform mathematics teaching and learning is vast, encompassing personalized 

instruction, enhanced feedback, emotional support, and data-informed decision-making. 

4.1 Personalized and Differentiated Learning 
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Perhaps the most frequently cited benefit is the capacity to provide personalized instruction at scale. In a 

traditional classroom, providing individualized instruction for every student is virtually impossible. AI 

bridges this gap by continuously assessing student data to create highly personalized learning paths. 

This personalization operates along multiple dimensions: content and pacing adapted to individual 

learning rates; representation and modality adjusted based on learning preferences; feedback calibrated to 

optimal learning zones; and problem contexts incorporating student interests and experiences. 

The theoretical foundation is grounded in educational psychology—from Vygotsky's zone of proximal 

development to Gardner's theory of multiple intelligences—consistently demonstrating that learners 

benefit when instruction is tailored to their unique needs. 

4.2 Instant, Formative Feedback 

John Hattie's research identifies feedback as one of the most powerful influences on student achievement. 

However, timing and quality are critical. Traditional assessments provide delayed feedback, often by days 

or weeks. 

AI-enabled tools provide synchronous, granular feedback—immediately pointing out specific errors, 

explaining why they are incorrect, and guiding students toward correct approaches. This prevents 

reinforcement of misconceptions and ensures students don't practice incorrect procedures. 

Moreover, feedback is formative, not merely corrective, providing diagnostic information, explanatory 

information, strategic guidance, and metacognitive prompts that encourage reflection on thinking 

processes. 

4.3 Reduction of Math Anxiety 

Math anxiety—tension, apprehension, or fear interfering with mathematical performance—significantly 

barriers learning. AI-enabled tools reduce math anxiety by providing a non-judgmental environment 

where students can fail safely. Unlike traditional classrooms where mistakes can be embarrassing, AI 

tutors are objective and impartial, responding with calm, constructive feedback. This removes social and 

emotional weight, creating a safe environment for productive struggle that fosters a growth mindset. 

4.4 Empowering Educators with Data Analytics 

AI does not replace teachers; it empowers them. Teacher dashboards aggregate complex student 

interaction data into actionable insights. A teacher can immediately see that 40% of the class struggles 

with polynomial factorization and adjust accordingly. The dashboard might show specific error types, 

enabling targeted support during small-group instruction. 

This data-informed approach represents significant advancement over traditional practice, enabling 

teachers to be more effective and efficient, focusing limited time where they can have greatest impact. 

5 Challenges and Ethical Considerations 

The potential of AI is immense, but significant challenges and ethical considerations must be addressed 

critically. 

5.1 The Digital Divide and Equity 
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AI-enabled tools require robust internet connectivity, modern hardware, and often paid licenses. The 

unequal distribution of these resources risks exacerbating existing educational inequalities. The digital 

divide operates at multiple levels—school infrastructure, teacher professional development, and student 

home access. It intersects with other forms of inequality, disproportionately affecting historically 

marginalized communities, students with disabilities, low-income families, and rural students. 

Addressing this requires systemic solutions including infrastructure investment, equitable funding, and 

tool design that is affordable and functional in low-bandwidth environments. 

5.2 Data Privacy and Security 

AI systems collect vast amounts of sensitive student information—learning speeds, behavioral patterns, 

cognitive weaknesses, and emotional responses. This data is essential for adaptive functioning but 

represents significant privacy risks: unauthorized access, data breaches, commercial exploitation, and 

sharing without adequate consent. 

These risks are particularly acute for children, whose data privacy rights are often inadequately protected. 

Ensuring data privacy requires comprehensive approaches encompassing technical measures (encryption, 

anonymization), legal compliance (FERPA, GDPR), ethical transparency, and meaningful consent 

processes. Most importantly, it requires shifting business models from data extraction to prioritizing 

student welfare. 

5.3 Algorithmic Bias 

AI models trained on historical data may contain inherent biases. If trained primarily on data from 

affluent, suburban schools, adaptive pathways may not be optimal for culturally and linguistically diverse 

students. 

Algorithmic bias manifests as representation bias, measurement bias, or algorithmic bias systematically 

disadvantaging certain groups. For example, an ITS trained on native English speakers might misinterpret 

responses from English language learners. Addressing bias requires diverse development teams, diverse 

training data, rigorous testing for bias, and ongoing monitoring and adjustment. 

5.4 Over-Reliance and Atrophy of Foundational Skills 

Tools providing step-by-step solutions, like Photomath, raise concerns about over-reliance leading to the 

atrophy of foundational problem-solving skills. When students have easy access to complete solutions, 

they may skip cognitive work necessary for learning, undermining the development of mathematical 

resilience, creativity, and deep understanding. 

Productive struggle—engaging with challenging problems just beyond current capabilities—is central to 

meaningful learning. The challenge is using AI tools to support productive struggle rather than replace it. 

This requires careful tool design, thoughtful pedagogical scaffolding, and balancing AI-enhanced 

instruction with other forms of learning. 

6 The Evolving Role of the Mathematics Educator 

The integration of AI fundamentally shifts the mathematics teacher's role, transforming the profession in 

ways that are both challenging and liberating. 
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6.1 From "Sage on the Stage" to "Guide on the Side" 

The traditional image of the teacher as primary knowledge source gives way to a facilitative role. 

Teachers guide students through learning journeys, helping them make sense of mathematical ideas and 

develop reasoning abilities. This shift is not a diminishment but a transformation—the teacher's work 

becomes more complex, nuanced, and deeply human. 

Rather than focusing on content delivery, teachers focus on cultivating mathematical habits of mind, 

facilitating rich mathematical discourse, and connecting mathematics to the world. This evolution 

requires new skills—proficiency with AI tools, interpreting data, and integrating that data into 

instructional decision-making. 

6.2 Fostering Social-Emotional Learning 

The teacher's role in cultivating social and emotional competencies is often overlooked but crucial. 

Learning mathematics is both cognitive and emotional. While AI provides cognitively focused 

instruction, it cannot build relationships, offer emotional support, or create classroom culture. 

Teachers help students develop growth mindsets, create culture valuing mistake-making, build 

relationships fostering trust and belonging, and provide encouragement sustaining students through 

frustration. The goal is not to compete with AI but to provide human elements AI cannot replicate. 

6.3 Designing Complex, Open-Ended Tasks 

AI tools are effective in well-defined domains with clear right and wrong answers. However, they are less 

effective in supporting complex, open-ended problem-solving characterizing authentic mathematical 

inquiry. 

This is where teacher expertise is essential. Teachers design project-based learning experiences requiring 

critical thinking, creativity, and real-world application. They pose problems with multiple solutions, 

encouraging exploration, iteration, and justification. They connect mathematics to other disciplines and 

students' lived experiences. 

6.4 Professional Growth and Collaboration 

AI integration opens opportunities for professional growth and collaboration. Teachers use data from AI 

tools to reflect on practice, identifying areas for improvement and testing new approaches. They 

collaborate with colleagues, building communities of practice around technology-enhanced instruction. 

They engage with researchers, contributing to developing and refining AI tools based on classroom 

experiences. 

7 Conclusion 

The integration of AI-enabled ICT tools into mathematics teaching represents not a fleeting trend but a 

fundamental evolution in educational practice. These technologies offer unprecedented opportunities to 

personalize learning, demystify complex mathematical concepts, and provide educators with deep 

insights into student cognition. They have the potential to transform mathematics education from a one-

size-fits-all, transmission-oriented model to a personalized, inquiry-driven, responsive approach meeting 

every learner's needs. 
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However, realizing this potential requires a balanced and thoughtful approach. Educators and 

policymakers must remain vigilant regarding data privacy, equity, and algorithmic transparency. They 

must ensure the digital divide does not become a new source of educational inequality. They must 

develop frameworks for ethical AI use protecting student welfare and promoting educational justice. 

At the same time, we must resist viewing AI as a silver bullet or replacement for human teaching. AI 

tools are powerful amplifiers of human capability but not substitutes for the relationships, compassion, 

and inspiration teachers bring to the classroom. The goal should be not to replace teachers but to free 

them to do what they do best: connect with students, inspire curiosity, and cultivate mathematical minds 

of the future. 

The path forward requires collaboration among educators, researchers, developers, and policymakers. It 

requires commitment to evidence-based practice, ongoing professional development, and a culture of 

critical reflection and continuous improvement. It requires a vision of education centering student 

welfare, educational justice, and human flourishing. 

As we stand at the threshold of this new era, we are called to be both hopeful and cautious, innovative 

and reflective, ambitious and grounded. The potential of AI in mathematics teaching is immense, and its 

realization depends not on technology alone but on the wisdom, commitment, and humanity of those who 

wield it. 
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