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Abstract

The rapid integration of Artificial Intelligence (Al) into education is fundamentally reshaping the
landscape of mathematics teaching and learning. This study examines how Al-powered tools are
converting conventional math training into inclusive, individualized, and data-driven learning
environments. Through an in-depth examination of global case studies—including Squirrel Al,
Carnegie Learning’s MATHia, Khan Academy, Microsoft Math Solver, DIKSHA, Photomath, ALEKS,
and BYJU’ S—the study highlights Al’s ability to tailor content, deliver real-time feedback, and bridge
educational gaps across diverse geographies and socio-economic groups. The findings underscore Al’s
role in enhancing learner engagement, supporting educators with analytics, and enabling flexible
learning environments. Additionally, the paper identifies key challenges in implementing Al solutions,
such as infrastructural disparities, data privacy concerns, algorithmic bias, teacher preparedness, and
the cost of deployment. Notwithstanding these challenges, it seems that mathematics education will
become more hybrid in the future, with Al tools enhancing rather than replacing human instruction.
The paper concludes by emphasizing the importance of collaborative policy-making, ethical Al
practices, and continuous teacher training to ensure equitable and effective Al adoption.
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INTRODUCTION

The rapid evolution of Artificial Intelligence (Al) is transforming numerous sectors globally, and
education is at the forefront of this paradigm shift. Among the various disciplines, mathematics—often
perceived as abstract, rigid, and challenging—is undergoing a significant transformation through Al
integration. Traditionally, mathematics education has relied heavily on standardized instruction and
uniform curricula, often lacking the flexibility to cater to individual student needs. However, the
emergence of Al has introduced a new frontier that promises personalized learning experiences, real-
time feedback, data-driven instruction, and intelligent assessment systems.

Al in mathematics education is not merely about
automating processes; it redefines how students
interact with mathematical concepts. These days,
adaptive learning platforms adjust content
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Impact of Al features on mathematics education
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Figure 1. Estimated impact of various Al features on mathematics education.
Table 1. Key Al features and their benefits in mathematics education.
Al feature Estimated Primary benefit
impact (%)
Adaptive learning 85 Customized content delivery based on student performance
Real-time feedback 75 Instant corrections and learning feedback
Access to quality resources 70 Reach underserved or remote areas
Teacher assistance 65 Support teachers with analytics and tools
Data-driven instruction 80 Enable decisions using learning behavior data

The integration of Al also facilitates broader access to quality education, bridging gaps across
geographies and socio-economic divides. It holds the potential to democratize mathematics education
by offering support in multiple languages, adjusting for diverse learning styles, and overcoming
infrastructural limitations through cloud-based delivery systems.

Despite these promising developments, challenges persist. Concerns about data privacy, algorithmic
bias, teacher readiness, and infrastructural disparities raise critical questions about equitable and ethical
implementation. As Al continues to evolve, so must our pedagogical strategies, institutional frameworks,
and educational policies.

This paper explores the current landscape, benefits, challenges, and future possibilities of Al in
mathematics education. By synthesizing recent research, case studies, and statistical evidence, we aim to
offer a comprehensive view of how Al is reshaping the future of mathematics teaching and learning, and
what educators, policymakers, and learners must do to harness its full potential (Figure 1 and Table 1) [3].

CASE STUDIES ON Al IN MATHEMATICS EDUCATION
Case Study 1: Squirrel AI - Personalized Learning in China

Squirrel Al, an adaptive learning platform based in China, uses artificial intelligence to personalize
math education for millions of students. The system tracks student responses and dynamically adjusts
the difficulty of problems to suit individual learning curves. Students using Squirrel Al demonstrated a
30% increase in exam scores when compared to those in regular classes in an experiment that was
conducted across 15 cities. Additionally, the technology gives teachers analytics dashboards so they
can track students’ progress and modify their lessons accordingly [4].
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Squirrel Al, a pioneering Chinese edtech company, has transformed the after-school tutoring
landscape by integrating artificial intelligence (Al) into personalized education. Founded by Derek
Haoyang Li, the company developed an adaptive learning system that customizes educational content
to individual student needs, thereby enhancing learning efficiency and outcomes.

Key Features of Squirrel Al

1. Innovative Al-driven education: At its core, Squirrel AI’s platform employs sophisticated
algorithms to assess students’ strengths and weaknesses, delivering tailored content that
addresses specific learning gaps. This personalized approach departs from traditional one-size-
fits-all educational models, aiming to provide each student with a unique learning pathway.

2. Rapid expansion and market penetration.: Since its inception, Squirrel Al has experienced
remarkable growth, establishing over 2,700 learning centers across more than 700 cities in China.
This quick growth is a reflection of the company’s dedication to providing high-quality education
across the country.

3. Recognition and accolades: The company’s innovative contributions have garnered international
recognition. In 2020, UNESCO awarded Squirrel Al the “Al Innovation Award” during Mobile
Learning Week, acknowledging its role in promoting inclusive and equitable education through Al

4. Challenges in scaling: Scaling such an innovative model presented challenges, particularly in
developing a multifaceted software architecture and navigating complex business models,
including franchise and direct-to-consumer approaches. Additionally, recruiting a skilled
workforce capable of advancing Al-driven education was a significant hurdle.

Squirrel Al exemplifies the transformative potential of Al in education. By leveraging technology to
provide personalized learning experiences, the company addresses diverse student needs and sets a
precedent for future educational models. Its path serves as a reminder of how crucial creativity, smart
scalability, and flexibility are to transforming established educational systems [5-7].

Case Study 2: Carnegie Learning - Blending Al with Human Teaching

MATHia, developed by Carnegie Learning, is an Al-driven, adaptive math learning platform
designed for students in grades 6—12. It serves as a one-on-one math coach, providing tailored education
based on the individual needs and learning style of each student. The platform’s sophisticated artificial
intelligence continuously evaluates student interactions, providing tailored feedback and support to
enhance understanding and mastery of mathematical concepts.

Key Features of MATHia

1. Personalized learning paths: MATHia dynamically adjusts to each student’s actions, offering
individualized problem sets and hints that cater to their current skill level and learning trajectory.
This ensures that students receive the appropriate level of challenge and support.

2. Real-time feedback and hints: Students can quickly learn from their mistakes thanks to the
platform’s instantaneous, contextual feedback. This feature aids in developing conceptual clarity
and encourages active learning.

3. Progress monitoring tools: MATHia includes tools like the Progress Meter, which visually
represents a student’s advancement across various skills. This transparency fosters student
motivation and self-awareness regarding their learning journey.

4. Comprehensive educator reports: Comprehensive reports that provide information on
both individual and class performance are available to teachers. These reports assist educators
in identifying areas where students may need additional support, enabling data-driven
instructional decisions.

5. LiveLab: This feature provides real-time analytics, allowing educators to monitor student
progress during sessions actively. LiveLab facilitates prompt interventions by assisting in
detecting students who might be having difficulties.
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By integrating MATHia into the classroom, educators can offer a more personalized and responsive
math learning experience. The platform’s emphasis on adaptive learning and real-time feedback not
only supports students in achieving mastery but also empowers teachers with actionable data to enhance
instructional effectiveness [8].

Case Study 3: Khan Academy - Leveraging Al for Equitable Access

Khan Academy uses machine learning algorithms to personalize learning paths in mathematics.
Through its Knowledge Map and Mastery System, the platform recommends exercises based on student
proficiency and progress.

In a November 27, 2024, Edutopia interview, Sal Khan, founder of Khan Academy, discussed the
transformative role of Al in education, focusing on the development of Khanmigo, an Al-powered
tutoring system launched in 2023. Khan emphasized that Al can provide personalized, one-on-one
instruction, adapting to individual student needs by offering tailored feedback and encouragement. He
highlighted AI’s potential to assist teachers by automating tasks like lesson planning and assessment
creation, thereby freeing educators to concentrate on interactive and personalized classroom activities.
Khan also addressed challenges, such as ensuring Al delivers accurate information and proactively
engages students who may struggle to articulate their needs. He underscored the importance of
integrating Al responsibly to enhance educational outcomes while maintaining the irreplaceable human
elements of teaching.

Case Study 4: Microsoft Math Solver - Real-time Problem Support

Researchers Muhammad Al-Ghaferi and Saif bin Hamad bin Shahlub Al Khatri examined how well
Microsoft Math Solver software improved ninth-grade students’ understanding of algebraic concepts in
a study that was published in the RIMAK International Journal of Humanities and Social Sciences. The
study involved 56 ninth-grade students from Al Dakhiliyah Governorate, divided into an experimental
group of 27 students who received instruction using Microsoft Math Solver, and a control group of 29
students taught through traditional methods. The researchers evaluated students’ comprehension of algebraic
ideas using a quasi-experimental design, paying special attention to the “Analysis and Solving Algebraic
Equations” course. The results revealed statistically significant differences at the 0.05 significance level
between the two groups, with the experimental group outperforming the control group in post-test scores.
These findings suggest that integrating Microsoft Math Solver into algebra instruction can positively impact
students’ comprehension and mastery of algebraic concepts. Consequently, the researchers recommend the
adoption of this software in teaching algebra topics to enhance student learning outcomes.

Case Study 5: India’s Diksha Platform - Al for National-Level Math Learning

The Indian government’s DIKSHA platform integrates Al-driven analytics to offer personalized
educational content in local languages. In collaboration with EdTech firms, the platform analyzes
student interactions to recommend videos, quizzes, and assignments. Pilots in Maharashtra and
Karnataka show a rise in student engagement and math test performance, especially among students in
under-resourced schools. This case underscores Al’s potential to support inclusive education at scale.

Secondary school teachers’ perceptions of the quality of e-content provided by the DIKSHA platform
are examined in the paper “Quality of E-Contents on DIKSHA Platform: A Study of Secondary School
Teachers’ Perceptions” by Rajkishore Roul and Ramakanta Mohalik. Launched by the Ministry of
Education, DIKSHA is designed to deliver curriculum-aligned, high-quality digital resources to support
both educators and students. The research focuses on content alignment, engagement strategies,
accessibility, inclusivity, assessment integration, and mobile compatibility. Data were collected from
119 secondary school teachers across various districts and schools, selected through simple random and
purposive sampling methods. The study used t-tests and percentage analysis to look at how perceptions
varied by region and gender. Overall, teachers expressed a positive outlook toward the e-content,
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particularly in terms of curriculum alignment and learner engagement. However, some limitations were
identified, notably in areas such as inclusivity, embedded assessment tools, and compatibility with mobile
devices. The findings showed that replies did not differ statistically significantly by gender or location.
The findings highlight the importance of enhancing the platform’s inclusivity, incorporating features for
self-paced learning, and improving the technological design. These enhancements are necessary to boost
DIKSHA'’s efficacy and make sure it better meets the diverse demands of teachers and students.

Case Study 6: Photomath — Enhancing Self-Study with Step-by-Step Al Assistance

Photomath is a mobile application that uses Al to interpret and solve mathematical problems through
a smartphone camera. Its step-by-step explanations are designed to foster deeper conceptual
understanding among users. Particularly popular among high school students, Photomath has been
downloaded over 300 million times.

In the study titled “Use of Photomath Applications in Helping Improving Students’ Mathematical
(Algebra) Achievement,” researchers aimed to enhance the algebraic skills of five Form Two students
who had previously exhibited low performance in mathematics. The study focused on the topics of
factoring and algebraic development. By integrating the Photomath application into their learning
process, the researchers sought to provide these students with a supportive tool to improve their
understanding and performance in algebra.

The research employed an action research methodology, selecting participants through purposive
sampling from a secondary school. Pre-tests, post-tests, questionnaires, and observations were among
the data collection techniques used. All five students showed notable gains in their post-test scores when
compared to their pre-test results, according to the data analysis. Additionally, the students reported
increased interest and engagement in mathematics when utilizing the Photomath application as a
reference tool for their calculations.

The findings suggest that the Photomath application can serve as an effective supplementary resource
for students, particularly when they lack access to other references at home. The study highlights the
potential of integrating technology-based tools like Photomath into the educational process to enhance
student achievement and interest in algebra. The researchers recommend the broader adoption of such
applications to support students’ independent learning and to address challenges in understanding
complex mathematical concepts.

Case Study 7: ALEKS by McGraw Hill — Data-Driven Learning Pathways

ALEKS (Assessment and Learning in Knowledge Spaces) is an online learning and assessment
system powered by artificial intelligence, developed by McGraw Hil and is designed to personalize
education in subjects like mathematics and chemistry. By adapting to individual student knowledge
levels, ALEKS provides customized learning paths that enhance comprehension and mastery.
Several case studies illustrate ALEKS’s impact:

1. Arizona State University (ASU).: ASU integrated ALEKS into its curriculum to improve student
outcomes in mathematics. Personalized training made possible by the platform’s adaptive
learning technology raised student engagement and success rates.

2. Washington State University (WSU): Facing high drop, fail, and withdrawal rates in precalculus
courses, WSU implemented ALEKS to provide tailored out-of-class practice. The adaptive
nature of ALEKS ensured students received appropriate challenges and support, resulting in
improved retention and performance.

3. Utah Valley University (UVU): UVU utilized ALEKS Placement, Preparation, and Learning
(PPL) to help students refresh their math skills and place into appropriate courses. The
implementation of ALEKS PPL, including Math Leap boot camps, led to a significant number
of students advancing to college-level math courses, thereby improving graduation rates.
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4. Indiana University Bloomington (IU): 1U employed ALEKS Chemistry to enhance student
achievement and learning experiences in chemistry courses. The platform’s personalized
approach facilitated better understanding and retention of complex concepts.

5. Olentangy Local Schools, Ohio: A study in this district demonstrated a positive correlation
between time spent in ALEKS and post-mastery scores. Notably, successful usage did not
necessitate assigning ALEKS as homework, indicating its flexibility in various instructional settings.

These studies underscore ALEKS’s effectiveness in providing personalized learning experiences,
enhancing student engagement, and improving academic performance across diverse educational contexts.

Case Study 8: BYJU’S — AI-Driven Interactive Learning in India

BYJU’S, one of the largest EdTech platforms globally, employs Al and machine learning algorithms
to tailor math lessons based on user interaction data. With over 100 million registered users, BYJU’S
uses predictive modeling to recommend video content, quizzes, and remedial lessons in real time. The
Al engine continuously assesses a learner’s proficiency and adjusts content accordingly. In user
feedback surveys, over 80% of students reported improved engagement and understanding of math
concepts through the platform’s interactive modules [9, 10].

FUTURE OF MATHEMATICS EDUCATION ON THE BASIS OF THESE CASE STUDIES
The integration of artificial intelligence in mathematics education, as demonstrated through various
global case studies, paints a compelling picture of the future. The following insights are derived from
practical implementations across diverse educational ecosystems.

Personalized Learning Becomes the Norm

Platforms like Squirrel Al Carnegie Learning, and ALEKS emphasize adaptive learning, where each
student receives a customized path based on their unique learning pace, strengths, and weaknesses. As
Al systems gain access to richer datasets and become more refined, the concept of a standardized
curriculum is likely to evolve into personalized modules that optimize individual learning outcomes

Teacher Roles Will Evolve, Not Disappear

Case studies such as MATHia and Khan Academy reveal that Al enhances rather than replaces the role
of educators. Teachers are now shifting from being sole content deliverers to facilitators and mentors who
can focus more on student engagement and intervention. With Al handling routine assessments and
progress tracking, educators can concentrate on higher-order teaching tasks and emotional support.

Increased Accessibility and Equity

Platforms like Khan Academy, DIKSHA, and BYJU’S demonstrate that Al can bridge educational
gaps, especially in remote or under-resourced regions. These technologies offer scalable solutions in
multiple languages and formats, ensuring that students from diverse socio-economic backgrounds can
access high-quality math education. This trend indicates a future where Al significantly reduces the
urban-rural education divide.

Real-Time Feedback and Concept Reinforcement

With tools like Photomath and Microsoft Math Solver, learners benefit from instant, step-by-step
solutions and conceptual explanations. Such real-time feedback mechanisms are expected to become
ubiquitous, enabling self-directed learning and immediate error correction, fostering deeper
understanding and retention.

Data-Driven Educational Policy and Curriculum Design
Large-scale data analytics, as used in ALEKS and DIKSHA, allow educators and policymakers to
track learning patterns, identify systemic gaps, and make informed decisions. The future of math
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education will likely rely heavily on such data to redesign curricula, set learning targets, and implement
timely interventions at both classroom and institutional levels.

Globalization and Standardization of Learning Tools

The success of platforms such as BYJU’S and Khan Academy across different nations indicates the
emergence of globally recognized Al-based educational tools. This sets the stage for the development
of universal benchmarks in mathematical competence, enabling a more consistent and connected
educational experience across borders.

CHALLENGES IN INTEGRATING AI INTO MATHEMATICS EDUCATION
Although Al has enormous potential to revolutionize mathematics education, a number of obstacles
prevent its widespread and successful implementation.

Infrastructure and Accessibility Gaps

Many regions, especially in developing countries, lack the digital infrastructure—such as high-speed
internet, computing devices, and electricity—needed to run Al-based educational platforms. This digital
divide threatens to deepen existing educational inequalities.

Data Privacy and Ethical Concerns

Large volumes of student data are necessary for Al systems to operate at their best. This calls into
question the methods utilized to gather, store, and use data. Without robust data privacy laws and ethical
Al practices, students’ personal information may be at risk.

Resistance to Technological Change

Educators and institutions often resist new technologies due to a lack of training, fear of redundancy,
or skepticism about AI’s effectiveness. Successful integration requires a cultural shift and ongoing
professional development for teachers.

Quality and Bias in AI Algorithms

Cultural, linguistic, or educational biases may be reflected in the biases that Al tools inherit from
their training data. This can lead to uneven learning experiences and unintended reinforcement of
stereotypes, especially in diverse classrooms.

Cost of Implementation

Advanced Al systems often come with high costs of development, customization, and maintenance.
Schools and governments may find it challenging to justify such expenditures without long-term
funding models or demonstrable outcomes.

CONCLUSION

The incorporation of Al into mathematics education represents a pivotal shift toward a more
personalized, inclusive, and efficient learning environment. Case studies from around the world—
spanning platforms like Squirrel Al, Khan Academy, Microsoft Math Solver, and DIKSHA—
demonstrate Al’s capacity to revolutionize how students learn and how teachers teach. Despite the
evident benefits, challenges such as infrastructure limitations, data privacy issues, and resistance to
change must be carefully addressed. Overcoming these obstacles will require cooperation from
communities, educators, technologists, and legislators.

Looking ahead, the future of mathematics education will likely be characterized by hybrid learning
models where Al and human teachers work synergistically. With strategic implementation, Al can help
nurture problem-solving, critical thinking, and analytical skills among students—skills that are crucial
in the 21st century.
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