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INTRODUCTION 

Integrating Artificial Intelligence (AI) in mathematics education represents a watershed moment in 

pedagogical evolution, fundamentally transforming how mathematical concepts are taught, learned, and 

applied across diverse educational contexts.1 While developed nations have demonstrated remarkable 
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 ABSTRACT  

Integrating Artificial Intelligence (AI) into mathematics education signifies a pivotal 

transformation in pedagogical practices, presenting remarkable opportunities and 

formidable challenges for educators, policymakers, and learners. This conceptual 

paper employed a theory synthesis approach to critically analyse the implications of 

AI adoption in mathematics education, concentrating on three fundamental 

dimensions: stakeholder roles, implementation pathways, and future trajectories. 

The investigation explored the potential of AI tools, including platforms like 

ChatGPT, to mitigate barriers in academic writing and enhance inclusivity in 

scholarly communication while assessing AI's broader pedagogical implications for 

mathematics instruction. The findings indicated that effective AI integration 

necessitates a balanced framework that harmonises technological infrastructure with 

pedagogical innovation, all while prioritising educational equity. The paper 

contributes to the existing literature by offering a structured framework for 

stakeholder engagement, actionable implementation strategies, and a forward-

looking research agenda that underscores the necessity for longitudinal studies, 

cross-cultural comparative analyses, and adaptive assessment models. Furthermore, 

it advocates for a synergistic approach that combines traditional methodologies with 

AI-enhanced techniques, positing that the future of mathematics education hinges 

on this thoughtful integration. This work aims to foster inclusive and dynamic 

learning ecosystems in mathematics education by providing theoretical insights and 

practical guidance, equipping educational institutions, policymakers, and 

practitioners with the tools necessary to navigate this evolving landscape. 

 

Keywords: Artificial Intelligence in Education, Mathematics Education, 

Stakeholder Analysis, Educational Technology Integration, Pedagogical 
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success in implementing AI-driven mathematical instruction, with countries like Singapore and Finland 

leading the charge through sophisticated adaptive learning platforms, the African educational landscape 

presents a more nuanced picture.2 Despite infrastructure limitations, innovative AI-based mathematics 

initiatives in countries like Kenya and Nigeria have shown promising results in improving mathematical 

literacy rates, though significant implementation disparities persist.3 This dichotomy between potential 

and accessibility underscores a critical need for systematic research into how AI technologies can be 

effectively integrated into mathematics education across varying socioeconomic contexts, particularly in 

resource-constrained environments where traditional teaching methods remain predominant. 

The significance of addressing this research gap extends beyond mere technological integration, 

encompassing fundamental questions about the future of mathematical pedagogy and educational equity. 

While existing studies have documented the positive impact of AI tools on student engagement and 

performance in mathematics, there still needs to be comprehensive research examining the synergistic 

relationship between AI-enhanced learning and traditional mathematical instruction.4 This study aims to 

bridge this gap by analysing the effectiveness of current AI implementations in mathematics education 

across different contexts, developing a comprehensive framework for integrating AI tools with traditional 

pedagogy, assessing the impact of AI-driven personalised learning on student achievement and proposing 

evidence-based strategies for sustainable AI integration in mathematics education. The research's 

significance lies in its potential to contribute theoretical insights and practical guidelines for educators, 

policymakers, and educational institutions, particularly in addressing the pressing need to reduce 

educational disparities through technology-enhanced mathematics instruction. 

 

THEORETICAL FOUNDATIONS 

Cognitive Load Theory and Technology Acceptance Model  

The integration of digital tools in educational settings necessitates a comprehensive understanding of both 

the cognitive processes involved in learning and the factors that drive the acceptance of new technology. 

In this regard, Cognitive Load Theory (CLT) and the Technology Acceptance Model (TAM) provide 

complementary frameworks to explain and predict the impact of technological interventions on 

instructional outcomes. 

CLT posits that effective learning occurs when instructional methods are designed to keep the 

cognitive demands on working memory within manageable limits.5 This theory distinguishes between 

intrinsic load, which is related to the inherent complexity of the content; extraneous load, which is imposed 

by how information is presented; and germane load, which reflects the cognitive resources dedicated to 

processing and schema formation. AI-enhanced educational systems have the potential to optimise these 

components by adaptively presenting content and offering real-time feedback. For instance, by 

personalising instruction based on individual performance data, AI can reduce extraneous load and 

actively promote germane cognitive processes.6 Nevertheless, while proponents of AI-enhanced adaptive 

learning underscore its capacity to streamline cognitive processing, critics argue that over-reliance on such 

systems may inadvertently limit opportunities for students to grapple with naturally complex problem-

solving scenarios.7 This contention suggests the necessity of a balanced approach where digital tools 

support, rather than supplant, the inherent challenges of mastering sophisticated concepts. 

                                                 
Artificial Intelligence in Higher Education, Challenges and Opportunities: The African Context, a Case of Zimbabwe,” Int J Res Innov 

Soc Sci 8, no. 3S (2024): 417–35. 
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Context, a Case of Zimbabwe.” 
3  R. E. Nwobodo, “A New Dawn in Africa: Towards an Integration of Artificial Intelligence Into African Education System,” Nnamdi 

Azikiwe Journal of Philosophy 15, no. 1 (2025). 
4  Oluwaseyi Aina Gbolade Opesemowo, “ Artificial Intelligence in Mathematics Education: The Pros and Cons,” in  Encyclopedia of 

Information Science and Technology, 6th ed. (Hershey, Pennsylvania:  IGI Global Scientific Publishing, 2025), 1–18; Oluwaseyi 
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in the Age of Artificial Intelligence,” How Artificial Intelligence Can Serve the Mathematical Human Learning, 2022. 
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and John Sweller, “Cognitive Load Theory and Instructional Design: Recent Developments,” Educational Psychologist 38, no. 1 (2003): 

1–4. 
6  Sweller, Cognitive Load Theory: Recent Theoretical Advances. 
7  Opesemowo and Ndlovu, “Artificial Intelligence in Mathematics Education: The Good, the Bad, and the Ugly.” 
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TAM complements CLT by addressing the user-side determinants of technology implementation. 

TAM asserts that perceived usefulness and ease of use are primary predictors of an individual's intention 

to use a particular technology.8  As Kim and Moon posited, an AI-driven learning platform may be 

embraced in mathematics education if it demonstrably enhances learning efficacy and simplifies the 

interface for both instructors and learners.9 Kim and Moon's empirical evidence consistently supports the 

notion that favourable perceptions regarding the ease of navigating a digital interface and the instrumental 

benefits of the tool significantly enhance its adoption rate.10 However, it is essential to acknowledge 

counter perspectives within TAM research. Some scholars contend that technological acceptance is also 

influenced by contextual factors such as institutional support, cultural attitudes, and prior experience with 

digital tools, thereby challenging the notion that perceived usefulness and ease of use alone drive 

adoption. 11  This critique implies that while TAM offers a robust heuristic for understanding the 

behavioural intentions behind technology usage, its application must be nuanced, incorporating broader 

organisational and cultural factors that shape user experiences. 

The synthesis of CLT and TAM offers a multidimensional perspective on deploying AI in 

educational contexts. On the one hand, CLT provides a cognitive blueprint for designing learning 

environments that reduce unnecessary mental load, while on the other, TAM elucidates the conditions 

under which educators and learners accept such innovations. The interplay between these frameworks is 

critical: even the most cognitively optimised system will falter if perceived as cumbersome or irrelevant 

by the target users. Conversely, a highly rated tool on ease of use may fail to achieve its educational 

objectives if it does not adequately address the cognitive demands inherent in complex mathematical 

problem-solving. Therefore, the successful integration of AI in education must navigate these dual 

imperatives by ensuring that innovations are both pedagogically sound and user-friendly. This necessitates 

iterative design processes and empirical validation across diverse educational settings to accommodate 

both the cognitive needs of learners and the practical realities of classroom technology use. 

 

 
 

Figure 1: Integration of Cognitive Load Theory and Technology Acceptance Model 

 

 

Figure 1 delineates how CLT and TAM converge to promote optimal learning outcomes. This integration 

highlights the necessity of designing technology-enhanced educational tools that are both cognitively 

efficient and user-friendly, facilitating effective learning and broader acceptance among educators and 

students. 
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9  Jieun Kim and Joonho Moon, “Determinants of Usefulness of Chat GPT for Learning in Technology Acceptance Model (TAM) Using 
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10 Kim and Moon, “Determinants of Usefulness of Chat GPT for Learning in Technology Acceptance Model (TAM) Using Information 

Credibility, Fun, and Responsiveness and Moderating Role of Fun.” 
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Francesc Pedro et al., “Artificial Intelligence in Education: Challenges and Opportunities for Sustainable Development,” 2019. 
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Current Landscape of AI in Mathematics Education 

The contemporary landscape of artificial intelligence in mathematics education has evolved into a 

sophisticated ecosystem of interconnected technologies and pedagogical approaches. AI applications in 

mathematics learning can be broadly categorised into four primary domains: intelligent tutoring systems, 

adaptive learning platforms, automated assessment tools, and real-time feedback mechanisms.12 Gomes 

demonstrates that these applications collectively form a comprehensive learning environment where 

traditional mathematical instruction is augmented by intelligent systems capable of understanding and 

responding to individual student needs.13 Virtual assistants and intelligent tutoring systems represent the 

forefront of AI implementation in mathematics education.14 ChatGPT and similar large language models 

have demonstrated remarkable capabilities in providing personalised mathematical instruction, with 

studies showing significant improvements in student engagement and conceptual understanding.15 These 

systems excel in offering step-by-step problem-solving guidance, adapting their explanations based on 

student responses and learning patterns. For instance, Squirrel AI and IBM Watson Education have shown 

particular promise in helping students master complex mathematical concepts through conversational 

interfaces that mirror human tutoring approaches.16 

Another aspect of the use of AI is its adaptive assessment systems, which have revolutionised how 

mathematical competency is evaluated and developed. Qasim noted that these systems employ 

sophisticated algorithms to dynamically adjust question difficulty and content based on student 

performance, creating a personalised learning trajectory for each student.17 Research by Wardat et al. 

indicates that adaptive assessment platforms can reduce student anxiety while providing more accurate 

measurements of mathematical proficiency.18 Systems such as Squirrel AI and IBM Watson Education 

platforms are particularly effective in identifying knowledge gaps and misconceptions, allowing for 

targeted intervention strategies that traditional assessment methods might miss.19 Automated feedback 

mechanisms represent another crucial component of AI-enhanced mathematics education, operating at 

multiple levels of sophistication. According to Chauhan, Singh, Rawat, and Dhawan, AI systems can 

provide immediate, contextualised feedback beyond simple right/wrong binaries to offer detailed 

explanations and alternative solutions. 20  Pepin, Buchholtz and Salinas-Hernández demonstrate that 

automated feedback systems can significantly enhance student learning outcomes by providing instant, 

personalised responses that help students understand their mistakes and develop more robust problem-

solving strategies.21 Ahmed et al. added that these systems are particularly effective when integrated with 

visualisation tools that dynamically illustrate mathematical concepts in response to student input.22 

The integration of these AI applications has led to the emergence of comprehensive learning 

ecosystems that support mathematics education across different contexts and ability levels. Busuttil and 

Calleja highlight how these systems work synergistically to create a more inclusive and effective learning 

                                                 
12 Ricardo Corrêa Gomes, Stephen P Osborne, and Patrícia Guarnieri, “Stakeholder Influence and Local Government Performance: A 

Systematic Literature Review,” Revista de Administração Pública 54, no. 3 (2020): 448–67; Emily Barnes and James Hutson, 

“Navigating the Ethical Terrain of AI in Higher Education: Strategies for Mitigating Bias and Promoting Fairness,” Forum for Education 

Studies 2, no. 2 (June 21, 2024): 1229, https://doi.org/10.59400/fes.v2i2.1229. 
13 Dipta Gomes, “A Comprehensive Study of Advancements in Intelligent Tutoring Systems Through Artificial Intelligent Education 

Platforms,” in Improving Student Assessment With Emerging AI Tools (IGI Global Scientific Publishing, 2025), 213–44. 
14 Uma Yadav and Urmila Shrawankar, “Artificial Intelligence across Industries: A Comprehensive Review with a Focus on Education,” in 

AI Applications and Strategies in Teacher Education (IGI Global, 2024), 275–320. 
15 Nurullah Şimşek, “Integration of ChatGPT in Mathematical Story-Focused 5E Lesson Planning: Teachers and Pre-Service Teachers’ 

Interactions with ChatGPT,” Education and Information Technologies, 2025, 1–72; P. Shah,  AI and the Future of Education: Teaching 

in the Age of Artificial Intelligence (John Wiley & Sons, 2023). 
16 Wasim Ahmad, Ruchika Shokeen, and Rishu Raj, “Artificial Intelligence: Solutions in Special Education,” in Transforming Special 

Education through Artificial Intelligence (IGI Global, 2025), 459–520; Deepika Chauhan et al., “Evaluating the Performance of 

Conversational AI Tools: A Comparative Analysis,” Conversational Artificial Intelligence, 2024, 385–409. 
17 Syed Hasan Qasim, “Beyond the Classroom: Emerging Technologies to Enhance Learning,” 2024. 
18 Mohammad Tashtoush et al., “Artificial Intelligence in Education: Mathematics Teachers’ Perspectives, Practices and Challenges,” Iraqi 

Journal for Computer Science and Mathematics 5, no. 1 (2024): 20. 
19 Husam Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy,” Sustainability 17, no. 3 (2025): 1133. 
20 Chauhan et al., “Evaluating the Performance of Conversational AI Tools: A Comparative Analysis.” 
21 Birgit Pepin, Nils Buchholtz, and Ulises Salinas-Hernández, “A Scoping Survey of ChatGPT in Mathematics Education,” Digital 

Experiences in Mathematics Education, 2025, 1–33. 
22 Ghanim Al-Sulaiti et al., “A Pragmatic Perspective on AI Transparency at Workplace,” AI and Ethics 4, no. 2 (May 30, 2024): 189–200, 

https://doi.org/10.1007/s43681-023-00257-w. 
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environment.23 For example, virtual assistants can identify when a student is struggling with a particular 

concept, trigger appropriate adaptive assessments to pinpoint the exact nature of the difficulty, and then 

provide targeted feedback and instruction to address the specific learning challenge. This interconnected 

approach represents a significant advancement over traditional one-size-fits-all teaching methods. 

However, it is crucial to acknowledge that the effectiveness of these AI applications depends 

heavily on their thoughtful implementation within existing educational frameworks. Gherheș and Obrad 

concur with this assessment by stating that balancing AI-driven instruction and human teaching elements, 

particularly in mathematics education, where conceptual understanding often requires nuanced 

explanation and encouragement.24  The current landscape thus suggests a hybrid approach where AI 

applications enhance rather than replace traditional teaching methods, creating a more robust and 

adaptable learning environment for mathematics education. 

 

Conceptual Framework Development in AI-enhanced Mathematics Education 

The development of a conceptual framework for AI-enhanced mathematics education is essential for 

understanding how these technologies can be effectively integrated into pedagogical practices. In this 

paper, central to the development of this framework is the CLT application, which posits that effective 

learning occurs when instructional methods are designed to manage the cognitive demands placed on 

working memory.25 CLT distinguishes between intrinsic load, related to the inherent complexity of the 

content; extraneous load, which arises from the presentation of information; and germane load, reflecting 

cognitive resources dedicated to processing and schema formation. By leveraging AI technologies, 

educators can optimise these components, as AI systems can adaptively present content and provide real-

time feedback tailored to individual student performance. Gkintoni et al. assert that this personalisation 

can reduce extraneous cognitive load and promote germane cognitive processes, enhancing learning 

efficacy.26 

However, while proponents highlight the benefits of AI-enhanced adaptive learning, there are 

concerns regarding the potential drawbacks of over-reliance on such systems. Critics argue that excessive 

dependence on AI may limit students' opportunities to engage with complex problem-solving scenarios 

crucial for developing deep mathematical understanding. 27  Therefore, exploring the synergistic 

relationship between AI-enhanced learning and traditional mathematical instruction is imperative. 

Existing research has documented the positive impact of AI tools on student engagement and performance, 

yet comprehensive studies examining the integration of AI with conventional pedagogical approaches 

remain scarce.28 This underscores the need for a robust framework that assesses the effectiveness of 

current AI implementations and proposes evidence-based strategies for sustainable integration in 

mathematics education. 

TAM further complements this framework by addressing user-side determinants of technology 

implementation. According to Davis, TAM's perceived usefulness and ease of use are critical predictors 

of an individual's intention to adopt a technology.29 In mathematics education, an AI-driven learning 

platform is more likely to be embraced if it enhances learning efficacy and simplifies the user interface 

for both instructors and learners.30 Furthermore, AI systems employ algorithms that dynamically adjust 

                                                 
23 Leonard Busuttil and James Calleja, “Teachers’ Beliefs and Practices about the Potential of ChatGPT in Teaching Mathematics in 

Secondary Schools,” Digital Experiences in Mathematics Education 11, no. 1 (2025): 140–66. 
24 Vasile Gherheș and Ciprian Obrad, “Technical and Humanities Students’ Perspectives on the Development and Sustainability of 

Artificial Intelligence (AI),” Sustainability 10, no. 9 (August 28, 2018): 3066, https://doi.org/10.3390/su10093066. 
25 Sweller, Cognitive Load Theory: Recent Theoretical Advances. 
26 Evgenia Gkintoni et al., “Challenging Cognitive Load Theory: The Role of Educational Neuroscience and Artificial Intelligence in 

Redefining Learning Efficacy,” Brain Sciences 15, no. 2 (February 15, 2025): 203, https://doi.org/10.3390/brainsci15020203. 
27 Chauhan et al., “Evaluating the Performance of Conversational AI Tools: A Comparative Analysis”; Busuttil and Calleja, “Teachers’ 

Beliefs and Practices about the Potential of ChatGPT in Teaching Mathematics in Secondary Schools.” 
28 Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy”; Gkintoni et al., “Challenging Cognitive Load Theory: The Role of Educational 

Neuroscience and Artificial Intelligence in Redefining Learning Efficacy”; Kim and Moon, “Determinants of Usefulness of Chat GPT 

for Learning in Technology Acceptance Model (TAM) Using Information Credibility, Fun, and Responsiveness and Moderating Role of 

Fun.” 
29 Davis, “Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology.” 
30 Kim and Moon, “Determinants of Usefulness of Chat GPT for Learning in Technology Acceptance Model (TAM) Using Information 

Credibility, Fun, and Responsiveness and Moderating Role of Fun.” 
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questions and content based on student performance, creating personalised learning trajectories that can 

alleviate student anxiety and provide more accurate assessments of mathematical proficiency.31  

The conceptual framework for AI-enhanced mathematics education must integrate CLT principles, 

address AI systems' potential limitations, and incorporate user acceptance factors outlined by TAM. Doing 

so can facilitate a more effective and equitable approach to mathematics pedagogy that harnesses the 

strengths of both AI technologies and traditional instructional methods. 

 

Critical Dimensions of Student Experience of AI-enhanced Mathematics Education 

Arroyo, Woolf, Burelson, Muldner, Rai and Tai, note that integrating AI in mathematics education 

profoundly impacts students' learning experiences across cognitive and affective dimensions. 32 

Understanding these key dimensions is crucial for developing effective AI-enhanced mathematical 

instruction that promotes intellectual growth and emotional engagement. Recent research has revealed 

complex interactions between technological integration and student learning outcomes, necessitating a 

comprehensive examination of these dimensional impacts.33  

 

Cognitive Aspects 

The cognitive dimension of student experience encompasses several interconnected components that 

collectively shape mathematical understanding and proficiency. Hlongwane et al. demonstrate that AI-

enhanced learning environments significantly impact students' conceptual understanding of mathematical 

principles through adaptive presentation and personalised learning pathways.34 Their research reveals that 

students engaging with AI-powered mathematical tools demonstrate an enhanced ability to grasp abstract 

concepts, where visualisation and interactive feedback play crucial roles. Problem-solving capabilities 

represent another critical cognitive aspect significantly influenced by AI integration. According to Baidoo 

and Luneta, students working with AI-enhanced mathematics platforms show marked improvement in 

their ability to approach and solve complex mathematical problems.35 This enhancement is attributed to 

the AI systems' capacity to provide scaffolded learning experiences that gradually build problem-solving 

competencies while maintaining appropriate levels of cognitive challenge. Analytical thinking skills 

development is a noteworthy outcome of AI integration in mathematics education. Şimşek identifies a 

positive correlation between students' exposure to AI-powered mathematical learning tools and their 

development of higher-order thinking skills.36 This relationship is characterised by students' increased 

ability to identify patterns, make logical connections, and apply mathematical principles to novel 

situations. 

 

Affective Aspects 

The affective dimension of student experience is equally crucial in determining the success of AI 

integration in mathematics education. 37  Student attitudes and perceptions toward AI-enhanced 

mathematics learning significantly influence their engagement and ultimate success. Research by Wardat 

et al. reveals that students generally exhibit positive attitudes toward AI-powered mathematics learning 

tools, mainly when these tools provide immediate feedback and personalised support.38 Motivation and 

engagement patterns demonstrate interesting dynamics in AI-enhanced mathematics learning 

environments. Opesemowo and Ndlovu report that students show increased motivation when working 

                                                 
31 Pepin, Buchholtz, and Salinas-Hernández, “A Scoping Survey of ChatGPT in Mathematics Education.” 
32 Elli J Theobald et al., “Active Learning Narrows Achievement Gaps for Underrepresented Students in Undergraduate Science, 

Technology, Engineering, and Math,” Proceedings of the National Academy of Sciences 117, no. 12 (2020): 6476–83. 
33 Saif Alneyadi and Yousef Wardat, “Integrating ChatGPT in Grade 12 Quantum Theory Education: An Exploratory Study at Emirate 

School (UAE),” Intelligence 2, no. 4 (2024). 
34 Hlongwane et al., “Towards the Integration of Artificial Intelligence in Higher Education, Challenges and Opportunities: The African 

Context, a Case of Zimbabwe.” 
35 Baidoo and Luneta, “Implementing Blended Learning to Enhance the Teaching of 3-Dimensional Trigonometry.” 
36 Şimşek, “Integration of ChatGPT in Mathematical Story-Focused 5E Lesson Planning: Teachers and Pre-Service Teachers’ Interactions 

with ChatGPT.” 
37 Theobald et al., “Active Learning Narrows Achievement Gaps for Underrepresented Students in Undergraduate Science, Technology, 

Engineering, and Math.” 
38 Tashtoush et al., “Artificial Intelligence in Education: Mathematics Teachers’ Perspectives, Practices and Challenges.” 
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with AI tools that provide immediate feedback and adaptive challenges.39 This heightened engagement is 

particularly evident in students who previously struggled with traditional mathematics instruction, 

suggesting that AI tools can help overcome traditional barriers to mathematical engagement. 

Technology anxiety and confidence levels represent critical affective factors influencing student 

experiences with AI-enhanced mathematics learning. Studies by Gkintoni et al. indicate that some students 

initially experience anxiety when interacting with AI-powered mathematics platforms.40 However, this 

anxiety typically diminishes as they gain familiarity with the tools. The research emphasises the 

importance of proper orientation and support in building student confidence with AI-enhanced learning 

environments. The interplay between cognitive and affective dimensions creates a complex ecosystem of 

student experience in AI-enhanced mathematics education. As Chauhan et al. argue, successful AI 

implementation in mathematics education requires careful attention to both dimensions, ensuring that 

cognitive development is supported while maintaining positive affective states conducive to learning.41 

This dual focus is essential for creating learning environments that enhance mathematical understanding 

and foster positive attitudes toward mathematics learning. 

 

Critical Considerations and Challenges of AI-enhanced Mathematics Education 

The integration of AI in mathematics education, while promising, presents several critical challenges that 

demand careful consideration and strategic solutions. These challenges span multiple dimensions, from 

academic integrity to ethical considerations, and require thoughtful approaches to ensure equitable and 

effective implementation of AI-enhanced mathematics instruction. 

Academic integrity concerns have emerged as a primary consideration in AI-enhanced 

mathematics education. According to Li, the sophisticated capabilities of AI systems, particularly in 

generating solutions and explanations, raise significant questions about assessment authenticity and 

student learning verification.42 The challenge extends beyond simple answer generation to include more 

complex issues, such as the appropriate use of AI tools for problem-solving assistance while maintaining 

academic rigour. Nwobodo note that institutions must develop robust frameworks for distinguishing 

between legitimate AI-assisted learning and academic misconduct.43 The digital divide and accessibility 

issues represent critical barriers to equitable AI implementation in mathematics education. Research by 

Kohnke and Zaugg reveals significant disparities in access to AI-enhanced learning tools across 

socioeconomic groups and geographical regions.44 These disparities extend beyond mere device access to 

internet connectivity, digital literacy, and available AI tools. Hutson emphasises that these accessibility 

gaps can exacerbate educational inequities, particularly in mathematics education, where sequential 

learning and continuous practice are crucial for success.45 

Over-reliance on technology emerges as another significant concern in AI-enhanced mathematics 

education. Studies by Shah indicate that excessive dependence on AI tools can inhibit the development of 

fundamental mathematical thinking skills and problem-solving abilities.46 This concern is particularly 

relevant in early mathematics education, where building a foundational, solid understanding through 

hands-on experience and human interaction remains crucial. The challenge lies in striking an appropriate 

balance between leveraging AI capabilities and maintaining essential human elements in mathematics 

instruction. Ethical considerations in AI-enhanced mathematics education extend beyond traditional 

educational ethics to encompass new challenges specific to AI implementation. Li identifies several 

critical ethical dimensions, including algorithmic bias in AI systems that may disadvantage certain student 

groups, the potential for AI to reinforce existing educational inequities, and questions about the 

                                                 
39 Opesemowo and Ndlovu, “Artificial Intelligence in Mathematics Education: The Good, the Bad, and the Ugly.” 
40 Gkintoni et al., “Challenging Cognitive Load Theory: The Role of Educational Neuroscience and Artificial Intelligence in Redefining 

Learning Efficacy.” 
41 Al-Sulaiti et al., “A Pragmatic Perspective on AI Transparency at Workplace.” 
42 Kongqi Li et al., “How and When Resilience Can Boost Student Academic Performance: A Weekly Diary Study on the Roles of Self-

Regulation Behaviors, Grit, and Social Support,” Journal of Happiness Studies 25, no. 4 (April 30, 2024): 36, 

https://doi.org/10.1007/s10902-024-00749-4. 
43 Nwobodo, “A New Dawn in Africa: Towards an Integration of Artificial Intelligence Into African Education System.” 
44 Shalece Kohnke and Tiffanie Zaugg, “Artificial Intelligence: An Untapped Opportunity for Equity and Access in STEM Education,” 

Education Sciences 15, no. 1 (January 11, 2025): 68, https://doi.org/10.3390/educsci15010068. 
45 Barnes and Hutson, “Navigating the Ethical Terrain of AI in Higher Education: Strategies for Mitigating Bias and Promoting Fairness.” 
46 Shah,  AI and the Future of Education: Teaching in the Age of Artificial Intelligence. 
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appropriate boundaries of AI assistance in mathematics learning.47 These ethical considerations require 

careful attention to ensure that AI implementation promotes rather than hinders educational equity and 

fairness. 

Privacy and data security concerns are crucial in implementing AI-enhanced mathematics 

education. Richard et al. highlight the sensitive nature of student data collected through AI learning 

platforms, including learning patterns, performance metrics, and personal information.48 The protection 

of this data becomes increasingly complex as AI systems become more sophisticated in tracking and 

analysing student behaviour. Educational institutions must develop robust data protection frameworks 

while balancing the need for data collection to improve the effectiveness of the AI system. 

 

AI-enhanced Mathematics Education Opportunities for Enhancement 

Integrating AI in mathematics education offers transformative opportunities to enhance learning 

experiences through personalised instruction and collaborative environments. One of the most significant 

advancements is the creation of personalised learning pathways. According to Alneyadi and Wardat, AI 

systems can analyse student performance, preferences, and understanding levels to tailor learning 

trajectories that adapt in real time, ensuring that content remains appropriately challenging and engaging 

for each learner. 49  Research indicates that such personalisation can notably improve mathematical 

comprehension, especially for students who struggle with conventional teaching methods. 50  Another 

critical enhancement is the provision of real-time feedback and assessment. AI-powered systems can 

deliver immediate, contextualised feedback beyond simple correctness, offering detailed explanations and 

alternative strategies. This immediate feedback fosters "dynamic learning environments" where students 

receive continuous support as they tackle complex mathematical concepts, boosting their confidence and 

understanding. 

Adaptive content delivery systems further revolutionise mathematics education by utilising 

algorithms to adjust content difficulty, presentation formats, and instructional pace. These systems can 

identify individual learning styles and present concepts through visual, algebraic, or narrative modalities, 

maximising comprehension and retention. Moreover, AI enhances collaborative learning by identifying 

complementary skills among students and suggesting effective groupings. This facilitates "synchronised 

learning experiences," where students collaboratively solve problems while receiving individualised 

support from AI systems. Collectively, these advancements signify a paradigm shift from standardised 

instruction to personalised, adaptive, and collaborative learning environments. When effectively 

implemented, these AI-enhanced opportunities can significantly boost student engagement and academic 

achievement in mathematics education. However, successful integration requires careful consideration of 

pedagogical principles and institutional readiness to ensure meaningful educational outcomes. 

 

Table 1: Challenges and opportunities in AI-enhanced mathematics education 

Stakeholder        Challenges Opportunities 

Students • Digital divide and access 

inequality 

• Over-reliance on AI tools  

• Reduced critical thinking  

 Privacy concerns 

• Personalised learning   paths  

24/7 learning support 

• Interactive engagement  

• Immediate feedback 

Educators  Resistance to change 

 Technical competency gaps 

 Integration complexity 

 Time management 

 

• Enhanced teaching tools 

• Automated assessment 

• Personalised instruction 

• Professional growth 

 

                                                 
47 Li et al., “How and When Resilience Can Boost Student Academic Performance: A Weekly Diary Study on the Roles of Self-Regulation 

Behaviors, Grit, and Social Support.” 
48 Stella Afi Makafui Yegblemenawo, Mavis Antiri Kodua, and Richard Baffour Okyere, “Placing Languages and Culture in Interventions 

for Sustainable National Development in Ghana,” Journal of Energy and Natural Resource Management 8, no. 1 (2022): 38–53. 
49 Alneyadi and Wardat, “Integrating ChatGPT in Grade 12 Quantum Theory Education: An Exploratory Study at Emirate School (UAE).” 
50 Busuttil and Calleja, “Teachers’ Beliefs and Practices about the Potential of ChatGPT in Teaching Mathematics in Secondary Schools.” 



Gqoli, N. & Baidoo, J. / E-Journal of Humanities, Arts and Social Sciences Vol.6  No.10(2025) pp 2660 -2674 

 

 

E-Journal of Humanities, Arts and Social Sciences                                                                                                                             2668 

Educational 

Institutions 

 Infrastructure costs 

 Policy development 

 Training requirements 

 Security concerns 

 

• Improved efficiency 

• Data-driven insights 

• Global reach 

• Resource optimisation 

 

Curriculum 

Development 

 Content adaptation 

 Quality assurance 

 Standards Alignment 

 Resource allocation 

 

• Adaptive content 

• Dynamic materials 

• Real-time updates 

• Diverse resources 

 

Assessment  Integrity verification 

 Performance metrics 

 Feedback mechanisms 

 Evaluation methods 

• Real-time monitoring 

• Adaptive testing 

• Comprehensive analytics 

• Targeted interventions 

 

Table 1 of the integration of AI in mathematics education presents a complex landscape of 

challenges and opportunities that significantly impact various stakeholders across the educational 

ecosystem. The challenges predominantly revolve around accessibility, competency development, and 

systemic adaptation, while the opportunities centre on personalisation, efficiency, and enhanced learning 

experiences. A particularly noteworthy pattern emerges in the interplay between challenges and 

opportunities. While the digital divide and access inequality pose significant challenges for students, these 

are counterbalanced by the unprecedented potential for personalised learning paths and immediate 

feedback systems. Similarly, educators face technical competency gaps and integration complexities, yet 

these challenges are offset by the promise of enhanced teaching tools and automated assessment 

capabilities that can revolutionise instructional practices. Educational institutions grapple with 

infrastructure costs and policy development, but the potential for improved efficiency and data-driven 

insights offers compelling advantages for institutional advancement. The curriculum development and 

assessment domains share a common thread where content adaptation and integrity verification challenges 

are met with opportunities for dynamic, adaptive content delivery and comprehensive analytics that can 

transform traditional educational paradigms. This dynamic interplay between challenges and opportunities 

underscores the transformative potential of AI in mathematics education while highlighting the need for 

thoughtful implementation strategies that address these multifaceted considerations. 

 

AI-enhanced Mathematics Education Implications for Stakeholders 

Integrating AI in mathematics education has significant implications for various stakeholders across the 

educational ecosystem. These implications necessitate careful consideration and strategic responses to 

ensure optimal outcomes while addressing potential challenges and opportunities. 

For students, the implications of AI integration in mathematics education are both transformative 

and challenging. According to Yaseen et al., students must develop new digital literacy skills to effectively 

utilise AI-enhanced learning tools while maintaining authentic engagement with mathematical concepts.51 

Research by Pedro et al. indicates that students who successfully adapt to AI-enhanced learning 

environments demonstrate improved problem-solving capabilities and deeper conceptual understanding.52 

However, this adaptation requires students to develop critical discernment skills to balance AI assistance 

with independent mathematical thinking. 

For educators, the implications extend beyond mere technological adaptation to fundamental shifts 

in pedagogical approaches. Opesemowo emphasises that teachers must evolve from traditional 

instructional roles to become facilitators of AI-enhanced learning environments.53 This transformation 

requires educators to develop new competencies in AI-enhanced instruction while maintaining their 

                                                 
51 Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy.” 
52 Nielsen Pereira et al., “A Multitiered Approach to Computer Science Talent Development,” Gifted Child Quarterly 69, no. 2 (April 16, 

2025): 130–46, https://doi.org/10.1177/00169862241307662. 
53 Opesemowo, “ Artificial Intelligence in Mathematics Education: The Pros and Cons.” 
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essential role in fostering mathematical understanding. 54  Yaseen et al. highlight the importance of 

professional development programs that enable teachers to effectively integrate AI tools while preserving 

meaningful human interaction in the learning process. 

Educational institutions face significant infrastructure, policy development, and organisational 

culture implications. Li identifies several critical areas requiring institutional attention, including 

developing AI-ready infrastructure, establishing ethical guidelines for AI use, and creating support 

systems for students and faculty.55 Institutions must also address equity concerns by ensuring equal access 

to AI resources while maintaining academic integrity standards in an AI-enhanced learning environment. 

Curriculum developers face the complex task of redesigning mathematical content to leverage AI 

capabilities while preserving essential learning objectives. Kim and Moon emphasise the need for 

curriculum frameworks integrating AI-enhanced learning opportunities while maintaining rigorous 

mathematical standards.56 This includes developing assessment strategies that effectively evaluate student 

learning in AI-enhanced environments and creating content promoting technological fluency and 

mathematical understanding. 

For educational technology developers, the implications centre on creating tools that effectively 

support mathematical learning while addressing pedagogical and ethical considerations. Yaseen et al. 

highlight the importance of developing AI systems that enhance rather than replace human instruction, 

emphasising the need for tools that promote meaningful mathematical engagement.57 Developers must 

also address concerns regarding data privacy, algorithmic bias, and accessibility while ensuring their tools 

align with established educational standards and practices. 

 

Table 2: Stakeholder Implications in AI-Enhanced Mathematics Education  

Stakeholder Primary Role Key Implications Expected Outcomes 

Students Learning and 

Skill 

Development 

• Personalised learning 

paths  

• Digital literacy 

development  

• AI-assisted problem-

solving 

•  Adaptive assessment 

experiences 

• Improved learning outcomes  

• Enhanced problem-solving 

skills  

• Greater engagement  

• Personalised progress 

tracking 

Educators Instruction and 

Guidance 
• Evolution of teaching 

methods  

• AI integration 

competencies  

• Enhanced assessment 

tools  

• Continuous professional 

development 

• More effective teaching  

• Better student support  

• Data-driven instruction 

•  Enhanced pedagogical skills 

Educational 

Institutions 

Infrastructure and 

Policy 
• Infrastructure 

development  

• Policy implementation  

• Equity assurance  

• Support system creation 

• Streamlined operations  

• Better resource allocation  

• Improved accessibility 

• Enhanced learning 

environment 

                                                 
54 Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy.” 
55 Li et al., “How and When Resilience Can Boost Student Academic Performance: A Weekly Diary Study on the Roles of Self-Regulation 

Behaviors, Grit, and Social Support.” 
56 Kim and Moon, “Determinants of Usefulness of Chat GPT for Learning in Technology Acceptance Model (TAM) Using Information 

Credibility, Fun, and Responsiveness and Moderating Role of Fun.” 
57 Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy.” 
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Curriculum 

Developers 

Content and 

Standards 
• AI-integrated content 

design 

• Adaptive assessment 

frameworks 

• Standards Alignment 

• Interactive resource 

development  

• Modern curriculum delivery  

• Better learning materials  

• Aligned educational 

standards  

• Enhanced student 

engagement 

EdTech 

Developers 

Tool 

Development and 

Support 

• Tool optimisation  

• Security implementation  

• Accessibility 

enhancement  

• Integration capabilities 

• Reliable learning platforms 

• Secure learning environment 

• Universal access 

• Seamless integration 

 

Table 2 depicts the dynamic interplay between AI in mathematics education and its key 

stakeholders, demonstrating the bidirectional nature of these relationships through interconnected 

pathways. The implications for students represent a fundamental shift in the learning experience. As 

primary beneficiaries of AI integration, students face opportunities and responsibilities in this evolving 

educational landscape. Research by Yaseen et al. indicates that students must develop sophisticated digital 

literacy skills while engaging authentically with mathematical concepts. 58  This dual requirement 

necessitates a balanced approach where students leverage AI tools for enhanced understanding while 

developing critical thinking skills. The personalised learning pathways enabled by AI technology allow 

students to progress optimally, but this autonomy comes with maintaining academic integrity and 

developing self-regulated learning habits. 

For educators, the transformation extends beyond mere technological adaptation into a 

fundamental reimagining of pedagogical approaches. Richard et al. emphasise that teachers evolve from 

traditional instructional roles to facilitators of AI-enhanced learning environments. 59  This transition 

requires educators to develop new competencies in AI-enhanced instruction while preserving their crucial 

role in fostering mathematical understanding and critical thinking. Integrating AI tools provides 

opportunities for more efficient assessment and personalised instruction, but it also demands continuous 

professional development and adaptation to emerging technologies. 

Educational institutions are responsible for creating supportive infrastructure and policies for 

effective AI integration. According to Li, institutions must develop comprehensive frameworks that 

address everything from technical infrastructure to ethical guidelines.60 This includes ensuring equitable 

access to AI resources, maintaining academic integrity standards, and providing adequate support systems 

for faculty and students. The institutional response must balance innovation with responsibility, ensuring 

that AI integration enhances rather than compromises educational quality. 

Curriculum developers face the complex task of reimagining mathematical content delivery in an 

AI-enhanced environment. Hlongwane et al. highlight the need for curriculum frameworks that effectively 

integrate AI capabilities while maintaining rigorous mathematical standards.61 This involves developing 

adaptive learning materials that leverage AI's potential for personalisation while ensuring alignment with 

educational objectives. The challenge lies in creating content promoting technological fluency and deep 

mathematical understanding, requiring a careful balance between innovation and traditional pedagogical 

principles. 

Educational technology developers are crucial in translating theoretical possibilities into practical 

tools. Wardet et al. emphasise that developers must create AI systems that enhance rather than replace 

                                                 
58 Yaseen et al., “The Impact of Adaptive Learning Technologies, Personalized Feedback, and Interactive AI Tools on Student 

Engagement: The Moderating Role of Digital Literacy.” 
59 A. Brent. Strawn, “‘Comparative Approaches: History, Theories and Image of God’,  ,” in Method Matters: Essays on Interpretation of 

the Hebrew Bible in Honor of David L. Peterson,   , ed. Joel M. Lemon and Kent Harold Richards. S. (Atlanta: ociety of 

Biblical  Literature, 2009). 
60 Li et al., “How and When Resilience Can Boost Student Academic Performance: A Weekly Diary Study on the Roles of Self-Regulation 

Behaviors, Grit, and Social Support.” 
61 Hlongwane et al., “Towards the Integration of Artificial Intelligence in Higher Education, Challenges and Opportunities: The African 

Context, a Case of Zimbabwe.” 
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human instruction, focusing on tools that promote meaningful mathematical engagement.62 This involves 

addressing technical challenges while ensuring their solutions meet pedagogical needs, maintain data 

privacy, and provide accessible interfaces for diverse user groups. The development process must be 

iterative and responsive to feedback from other stakeholders, ensuring that the resulting tools effectively 

serve their intended educational purposes. 

 

RECOMMENDATIONS  

Several specific and actionable strategies should be adopted to ensure the sustainable integration of AI in 

mathematics education. First, educational institutions must prioritise the development of a comprehensive 

framework that aligns AI tools with traditional pedagogical practices. This framework should be informed 

by existing research that highlights the positive impacts of AI on student engagement and performance 

while addressing the gaps in understanding the synergistic relationship between AI-enhanced learning and 

conventional instruction. 

Second, it is essential to incorporate principles from CLT into the design of AI systems. By 

managing cognitive demands effectively, AI tools can be developed to minimise extraneous load and 

promote germane cognitive processes. This can be achieved by ensuring that the presentation of 

information is intuitive and that feedback is immediate and constructive. For instance, adaptive learning 

platforms like Squirrel AI and IBM Watson Education can be utilised to create personalised learning 

trajectories that adjust content difficulty based on real-time student performance. 

Third, training for educators is critical. Professional development programs should focus on 

enhancing teachers' understanding of AI technologies and their applications in the classroom. This training 

should emphasise the importance of perceived usefulness and ease of use, as outlined by the TAM, to 

foster a positive attitude toward AI integration. 

Finally, ongoing research and evaluation are necessary to assess the effectiveness of AI 

implementations in mathematics education. Institutions should establish metrics to evaluate student 

achievement and engagement, ensuring that AI tools are continuously refined based on empirical 

evidence. The integration of AI in mathematics education presents a significant opportunity to enhance 

learning experiences. By adopting a structured framework, applying cognitive load principles, investing 

in educator training, and committing to ongoing research, educational institutions can create a sustainable 

model that leverages AI's potential while maintaining the integrity of traditional pedagogical methods. 

This balanced approach will ultimately lead to improved student outcomes and a more equitable 

educational landscape. 

 

CONCLUSION 

This study has critically examined the transformative potential and inherent challenges of integrating AI 

into mathematics education in higher education. Through a theory synthesis approach, grounded in CLT 

and the  TAM, we have developed a comprehensive conceptual framework that addresses stakeholder 

roles, implementation pathways, and future trajectories for AI adoption. Our analysis reveals that AI 

technologies, including intelligent tutoring systems, adaptive learning platforms, and real-time feedback 

mechanisms, hold significant promise for enhancing pedagogical practices, fostering inclusivity, and 

personalising learning experiences. However, their effectiveness hinges on a balanced integration that 

harmonises technological innovation with pedagogical integrity and equity. 
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