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ABSTRACT

The integration of artificial intelligence (Al) into school-level mathematics education has advanced rapidly in
recent years, fundamentally reshaping instructional practices and student learning experiences. This review
synthesizes current literature to provide a comprehensive overview of Al’s applications within mathematics
classrooms, focusing on personalized learning, adaptive assessment, evolving teacher roles, ethical
considerations, and emerging global trends. The analysis highlights Al’s potential to enhance student
engagement, improve academic achievement, and promote educational equity. However, it also underscores
the necessity of thoughtful implementation, robust teacher support, and the development of clear policies to
address associated challenges. The review concludes that, while Al holds transformative promise for
mathematics education, its successful integration depends on balancing technological innovation with
pedagogical integrity and ethical responsibility. Future research and policy efforts are essential to ensure Al’s
benefits are equitably realized across diverse educational contexts.

Keywords: Artificial intelligence, Gamification, Mathematics, DreamBox, ALEKS.

INTRODUCTION

Historically, mathematics education has been grounded in traditional methods such as direct instruction,
repetitive practice, and standardized testing. These approaches have long dominated classrooms in many parts
of the world, particularly in countries like India and Zambia, where examination-driven instruction and rigid
curricula remain prevalent. In India, for instance, over 80% of public school teachers still rely on lecture-based
delivery (MHRD, 2021), while in Zambia, national assessments indicate that only 45% of Grade 9 students
achieve proficiency in mathematics (Zambia Education Performance Report, 2023).

However, the onset of artificial intelligence has ushered in a transformative era for educators and learners
alike. Al's potential to revolutionize educational practices is increasingly being recognized by policymakers,
practitioners, and researchers. Al technologies such as intelligent tutoring systems, natural language
processing, and adaptive learning platforms enable more dynamic, personalized, and responsive learning
experiences. These tools allow for real-time feedback, data-driven instruction, and customized pathways that
accommodate diverse learner needs (Das et al., 2025; Wang et al., 2025).

Globally, the adoption of Al in education is growing rapidly. A UNESCO report (2023) notes that more than
30 countries have launched national Al-in-education initiatives, with significant investments in digital
infrastructure and teacher training. In India, the National Education Policy (NEP 2020) emphasizes the
integration of technology, including Al, into classroom instruction and assessment. The Government of
Zambia, through its Smart Zambia Initiative, is exploring the role of emerging technologies, including Al, in
addressing challenges in the education sector (Liswaniso & Mbale, 2024).

Despite the promise, disparities in digital access and capacity building pose significant challenges, particularly
in low-resource settings. As such, understanding how Al is reshaping mathematics education at the school
level across varied global contexts is both timely and essential (Bulathwela et al., 2024). This review seeks to
consolidate and critically evaluate current findings from the literature published between 2020 and 2025 to
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understand the ways Al is influencing teaching, learning, and educational equity in mathematics classrooms.
The conceptual model to link Al tools to learning outcomes is presented in Figure 1.
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Fig.1: Conceptual model to link Al tools to learning outcomes

METHODOLOGY

This review employed a systematic literature review methodology. Key databases searched included Scopus,
Web of Science, Google Scholar, ERIC, and ScienceDirect. Search terms included combinations of "artificial
intelligence,” "mathematics education,"” "adaptive learning,” "Al in classrooms,"” and "K-12 education.” Studies
were included if they: (a) focused on Al applications in mathematics education; (b) involved primary or
secondary education contexts; and (c) were peer-reviewed publications from 2020 to 2025.

Al Applications in Mathematics Education

Artificial Intelligence (Al) has emerged as a transformative force in mathematics education, redefining how
learners interact with content, how teachers deliver instruction, and how assessments are conducted. Recent
advances have enabled Al to impact mathematics education across four key domains: adaptive and
personalized learning, intelligent assessment and feedback, teacher support and resource creation, and student
engagement and motivation (Tang, 2025; Sharma, 2024; Meylani, 2024).

Adaptive and Personalized Learning

Al-powered adaptive learning platforms are reshaping the traditional classroom by providing individualized
learning experiences based on students' real-time performance and learning styles (Hwang & Tu, 2021).
Systems such as DreamBox Learning and ALEKS (Assessment and Learning in Knowledge Spaces) employ
machine learning algorithms to interpret students’ input, learning pace, and patterns of misunderstanding,
thereby enabling precise instructional adjustments (Feng et al., 2025; Xu & Ouyang, 2022). For instance,
DreamBox Learning collects thousands of data points per hour to make instructional decisions tailored to each
learner’s cognitive profile. Similarly, ALEKS identifies what a student knows and is ready to learn next,
creating a dynamic, personalized learning path (Feng et al., 2025). Khan Academy’s Al tutor, Khanmigo,
leverages natural language dialogue to scaffold problem-solving in a conversational format, supporting
students as they construct understanding through guided reasoning (Hwang & Tu, 2021).

These adaptive tools have demonstrated improved learning outcomes, particularly in diverse and large
classroom settings where differentiated instruction is challenging to implement manually (Xu & Ouyang,
2022). In rural India, adaptive platforms like Byju’s and Gooru have enhanced access to quality math content
in regional languages, while in various low-resource settings, Al-powered apps piloted in underserved schools
have improved learning outcomes among students with limited access to qualified teachers (Goswami, &
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Sharma, 2024). A comparative major Al platform in mathematical education is summarized and given in Table

1.

Table 1: Major Al Platforms in Mathematics Education

Platform Key Pedagogi | Adaptive | Gamificati NLP | Target | Accessibil | Reference

Features cal ? on Dialogu | Region ity
Focus e S

DreamBo | Adaptive | Concepts | Yes Some No us, Multilingu | Feng et

X pathways | , skills India, | al, web al., 2025;
X LatAm DreamBo
analytics; : X
formativ Africa Learning,
e 2024
feedback

ALEKS Knowled | Problem- | Yes Minimal No us, Web, Feng et
ge spaces | solving, EU, some al., 2025;
mapping; | fluency select | offline ALEKS
mastery Africa/ Corporati
tracking Asia on, 2022

Khan Al- Reasonin | Some Some Yes Global, | Widest, Hwang &

Academy | powered | g, incl. offline Tu, 2021,
tutor scaffolde India, Khan
(Khanmi | d Zambi Academy,
go); problems a 2024
video
library

Byju’s Vernacul | Conceptu | Some Some No India, | Mobile, Goswami
ar al Africa, | multilingu | &
content; | building SE al Sharma,
gamified Asia 2024;
path; Byju’s,
analytics 2023

Gradesco | Automat | Assessm | No No No us, English Meinel et

pe ed ent, EU, only al., 2024;
marking/ | formative Austral Gradesco
Al-based | feedback asia pe, 2023
feedback
for open-
response

Photomat | Visual Procedur | Some No Some Global | Mobile- Okonkwo

h recogniti | al focused & Ade-
on; fluency Ibijola,
stepwise 2021;
explanati Photomat
ons h, 2023

Prodigy/ | Game- Motivati | Yes Extensive | No us, Mobile, Bledsaw,
based on, basic UK, 2024;
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Matific rewards | skills SA, web Ozcan
environm India, Sahin &
ent LatAm Ozgakir
Stimen,
2025;
Prodigy
Education
, 2024

Intelligent Assessment and Feedback

Al technologies significantly enhance the accuracy, speed, and responsiveness of formative assessments. By
leveraging natural language processing and machine learning, platforms such as Gradescope can automatically
evaluate open-ended math problems, offer feedback, and track student progress over time. Gradescope, widely
used in higher education, uses Al to cluster student responses and suggest feedback patterns for quicker
grading, which helps instructors refine instruction in real time (lon, 2024; Meinel et al., 2024; Ricci et al., 2023

)-

Al-based feedback has been shown to promote self-regulated learning by enabling students to reflect on their
errors, revise their solutions, and build metacognitive skills (Mehmood et al., 2025). These technologies
support personalized diagnostics, allowing educators to intervene precisely and effectively (Lourenco et al.,
2025).

Teacher Support and Resource Creation

Beyond supporting students, Al offers significant value to teachers by automating routine tasks and generating
tailored instructional resources (Almuhanna, 2024). Al-driven platforms assist educators in creating lesson
plans, designing quizzes, and curating teaching materials aligned with curricular standards (Ejjami, 2024).
These tools also help educators identify areas of low conceptual clarity across the class and adjust teaching
strategies accordingly (Hwang & Tu, 2021).

By reducing administrative burdens and increasing instructional efficiency, Al allows teachers to focus more
on mentoring, differentiation, and relationship-building (Dadhich et al., 2025).

Engagement and Motivation

Al-enhanced tools have demonstrated the ability to increase students' engagement, motivation, and positive
attitudes toward mathematics (Xu, 2024). Gamified apps and Al-driven virtual tutors present content in
interactive and visually engaging formats that are particularly appealing to digital-native learners (Swargiary,
2024). Apps such as Photomath and Socratic by Google use image recognition and natural language processing
to interpret handwritten or printed math problems and provide step-by-step solutions. These tools not only help
students solve problems but also explain the underlying concepts, improving conceptual understanding
(Okonkwo & Ade-Ibijola, 2021).

Gamified platforms such as Prodigy Math and Matific integrate Al with reward-based learning environments,
which are especially effective in early and middle years, where intrinsic motivation often requires external
reinforcement (Bledsaw, 2024; Ozcan Sahin & Ozcakir Siimen, 2025). Studies have found that students who
used Al-powered math games showed greater persistence and engagement compared to those using traditional
workbooks (Banik, B. G., & Gullapelly, 2025).

Impact on Student Achievement and Equity

Academic Performance Several meta-analyses reveal that Al-enhanced learning environments contribute to
improved academic outcomes in mathematics (Tlili et al., 2025). Ftterer et al. (2025) report test score gains in
classrooms utilizing adaptive technologies.
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Equity and Inclusion Al has the potential to bridge learning gaps for students with disabilities and those in
under-resourced schools. By providing accessible formats and personalized learning pathways, Al facilitates
inclusive learning environments (Opesemowo & Adewuyi, 2024). However, disparities in digital access and
infrastructure still hinder widespread adoption in low-income areas.

Teacher and Student Perceptions Mixed-method studies suggest that both students and teachers generally
perceive Al tools positively. Teachers acknowledge improvements in their capacity to differentiate instruction,
while students appreciate instant feedback and personalized pacing (Song et al., 2025; Idowu, 2024).

Challenges and Ethical Considerations

Algorithmic Bias and Fairness Uncritical deployment of Al risks perpetuating systemic biases. Studies show
that algorithms trained on non-representative data can disadvantage marginalized groups (Arriagada-Bruneau
et al.,, 2024; Shen et al., 2024). Regular audits and transparency in Al model development are critical to
promoting fairness.

Data Privacy and Security Al tools depend on vast amounts of student data, raising significant privacy
concerns. Ethical frameworks and strict data governance policies are necessary to ensure compliance with data
protection standards such as GDPR and FERPA (Chauhan & Dutta, 2025; Yang & Beil, 2024).

Teacher Roles and Professional Development While Al can automate some instructional functions, it cannot
replace the nuanced judgment and empathy of teachers. Ongoing professional development is essential to
equip educators with the skills to integrate Al effectively without compromising pedagogical integrity (Zou et
al., 2025Yadav, 2024).

Global Trends and Research Collaboration

China and the United States are leading the way in Al applications in education, followed by South Korea, the
UK, and Australia. There is a marked increase in international collaborations and cross-disciplinary research
efforts. Recent bibliometric analyses highlight growing interest in generative Al and its educational
applications (Kayyali, 2024; Alexandrowicz, 2024).

Future Directions

Curriculum Integration Curricula need to be revised to seamlessly integrate Al tools. This involves aligning
digital competencies with mathematical learning outcomes.

Ethical Al Development There is an urgent need for ethical guidelines to govern Al tool design, focusing on
transparency, fairness, and accountability.

Teacher Training and Support Pre-service and in-service training programs should incorporate modules on
educational Al, including ethical use, data interpretation, and instructional design.

Hybrid Learning Models Blended learning models that combine Al-based instruction with traditional
teaching strategies offer a balanced approach that leverages technology while maintaining the human element.

CONCLUSION

Artificial intelligence has the transformative potential to reshape school-level mathematics education, offering
personalized, interactive, and efficient learning experiences for all students. However, realizing this promise
depends on several key actions. Policymakers must develop comprehensive frameworks that guide the
responsible use of Al in classrooms. Ethical safeguards should be established to protect student data, ensure
transparency, and prevent bias. Additionally, ongoing capacity-building initiatives—such as teacher training
and resource development—are essential to equip educators with the skills and tools needed to effectively
integrate Al. By taking these concrete steps, stakeholders can harness Al’s capabilities to promote equity and
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excellence in mathematics education, ensuring that all learners benefit from innovative, high-quality
instruction.
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