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Abstract

The digital transformation in higher education demands innovative, adaptive, and
technology-driven learning approaches. Artificial Intelligence (Al) has emerged as
a key technology with significant contributions to mathematics education at the
tertiary level. This article aims to explore the role, effectiveness, and challenges of
Al implementation in mathematics learning through a systematic literature review
of 25 scholarly articles published between 2019 and 2024. The findings reveal that
Al applications—such as adaptive learning systems, educational chatbots, predictive
analytics, and AR/VR-based visualizations—enhance conceptual understanding,
student engagement, and learning efficiency. However, integration of Al in
mathematics education still faces several obstacles, including infrastructure
limitations, educators’ readiness, and ethical concerns regarding data privacy. This
review recommends strategic actions such as enhancing digital literacy for lecturers
and students, investing in digital infrastructure, and developing ethical frameworks
to support Al-driven learning environments. Overall, Al has the potential to
transform mathematics education in higher education into a more adaptive,
inclusive, and sustainable process in the digital era.

© 2025 IJCAR. All rights reserved

Introduction

Over the past five years, research on the application
of Al in mathematics education has grown significantly.

In the era of the Industrial Revolution 4.0,
digitalization in higher education is no longer a matter of
choice but an inevitable necessity. Artificial Intelligence
(AI) has emerged as one of the key innovations driving
this transformation. In mathematics education, a field
often regarded as challenging, Al has evolved from being
merely a tool for computation and visualization into an
intelligent system capable of providing instant feedback,
functioning as a virtual tutor, and managing data-driven
learning tailored to individual student needs (Luckin et
al., 2016; Zawacki-Richter et al., 2019).
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According to a bibliometric analysis by Hossein-Mohand
et al. (2025) and Subroto et al. (2024) there has been a
surge in scientific publications on this topic between 2020
and 2024. Countries such as China, the United States, and
India are the largest contributors to this body of research.
This increase reflects a shift in approach, where Al is no
longer used solely as a supporting tool but has become a
central component in building more personalized,
interactive, and collectively intelligent learning systems.
A concrete example can be seen at Babson College in the
United States by Solis (2024) which implemented
“MathBot” to address gaps in mathematical
understanding caused by the pandemic. The use of this
technology has proven effective in improving first-year
students’ mastery of fundamental concepts.
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In Indonesia, a study by Fitriyah et al. (2023) found
that the use of interactive Android-based e-modules can
significantly improve students’ academic performance,
with an average N-Gain score of 0.79, which falls into the
high category. In addition to cognitive achievement, the
integration of Al also promotes the development of
learner autonomy and critical thinking skills. However, a
survey conducted by Harnawati and Hidayati (2024)
involving prospective mathematics teachers revealed
that, although Al is perceived as a promising technology,
challenges such as limited infrastructure, low digital
literacy, and ethical concerns related to technology
remain major obstacles to its effective implementation in
classroom settings.

Against this backdrop, this article aims to thoroughly
examine the application of Al in mathematics education
at the higher education level, assess its effectiveness in
improving student learning outcomes, and identify the
challenges associated with its integration. The findings
are expected to contribute to the development of more
adaptive, contextual, and sustainable learning strategies
to meet the demands of 21st-century education.

Methodology

This study employs a descriptive qualitative approach
using the method of systematic literature review to
explore the role of Artificial Intelligence (AI) in
mathematics education in higher education. Data were
collected from scholarly articles published indexed in
databases such as Scopus, SINTA, and Google Scholar.
The search process was conducted using keywords such
as “artificial intelligence,” “mathematics education,” and
“higher education.” Selected articles met the criteria of
topic relevance, publication timeframe, and use of either
English or Indonesian language, resulting in a few articles
being included for analysis.

Data analysis was carried out using a thematic
approach to identify patterns related to the
implementation, effectiveness, as well as challenges and
opportunities of Al in mathematics learning. The validity
of the findings was strengthened through source
triangulation by comparing multiple articles and
supporting documents (Braun & Clarke, 2006; Patton,
2015).

Results

A systematic review of a few selected scholarly
articles reveals that Artificial Intelligence (Al) plays a
significant role in driving innovation in mathematics

education at the higher education level. Overall, the main
findings can be categorized into five major themes:
1. Al Innovations in Mathematics Education

The integration of Al has given rise to various
innovative approaches in mathematics learning. Adaptive
learning systems, such as Squirrel Al and Khan Academy,
enable personalized instruction tailored to students’
cognitive profiles (Cui et al., 2019; Mirea et al., 2025).
Additionally, Al-powered chatbots and virtual assistants
like ChatGPT and Watson Assistant are employed to
provide interactive and just-in-time guidance. These
technologies are also used to automate assessment and
formative feedback, as well as to support the interactive
visualization of abstract mathematical concepts, such as
calculus and linear algebra (Pepin et al., 2025; Wardat et
al., 2023).

2. Effectiveness of AI Implementation

Several studies report that the use of Al can improve
students’ conceptual understanding, learning motivation,
and time efficiency. Intelligent tutoring systems offer a
more personalized and adaptive learning experience.
Research by Kulik & Fletcher (2016) and Wang et al.
(2024) indicates that students using Al-based systems
tend to achieve better academic outcomes compared to
those engaged in traditional learning methods.

3. Challenges in AI Implementation

The implementation of AI in higher education still
faces several challenges, including data privacy and
ethical concerns, digital access disparities, the limited
capacity of Al to address affective learning dimensions,
and the readiness and competence of instructors. These
factors significantly influence the effectiveness of Al
integration in mathematics instruction (Luckin et al.,
2016; Williamson, 2024; Zawacki-Richter et al., 2019).

4. Prospects for Al Development in Mathematics

Learning

Technological advancements highlight the substantial
potential of integrating Al with Augmented Reality (AR)
and Virtual Reality (VR) to enhance the spatial
understanding and visualization of mathematical
concepts. Studies by Cao (2023) and Pinter & Siddiqui
(2024) report increased learning outcomes and student
engagement through such immersive approaches.
Furthermore, the development of multimodal intelligent
tutors and predictive learning analytics systems
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represents a promising direction for personalized Al-
driven learning (Chango et al., 2024).

5. Practical Challenges in Real-World Contexts

Practical implementation still encounters several
barriers, including limited instructor competence, high
costs associated with Al and AR/VR technologies, and
the lack of large-scale studies examining Al effectiveness
in real classroom settings (Tene et al., 2024).

Therefore,  collaboration  among  technology
developers, mathematics educators, and instructional
designers is essential to develop contextualized, effective,
and locally relevant Al-based learning systems.

Discussion

This literature review demonstrates that Artificial
Intelligence (AI) has made a significant contribution to
transforming the approach to mathematics education in
higher education. AI functions not merely as a
technological aid but as a strategic component in
developing a more personalized, efficient, and adaptive
learning ecosystem tailored to student needs.

The implementation of adaptive learning systems has
proven to be highly effective in customizing content,
difficulty levels, and learning strategies based on
individual students’ cognitive profiles. These findings
reinforce the concept of personalized learning, which, in
theory, enhances student engagement and academic
achievement—particularly in mathematics, a subject
characterized by its hierarchical and abstract nature. Al
enables real-time instructional adjustments, a feature that
is often unattainable through conventional teaching
methods (Holmes et al., 2019; Khosravi et al., 2022).

Furthermore, the use of Al-based chatbots and virtual
assistants supports self-directed learning that is both
responsive and contextualized. These technologies
provide accessible explanations of material, corrective
feedback, and interactive problem-solving guidance. This
approach aligns with the principle of just-in-time
learning, enabling students to receive support precisely
when it is needed, without relying on the instructor's
immediate availability (Laun & Wolff, 2025).

Automated assessment and formative feedback are
also among the key advantages of Al integration. These
systems not only reduce instructors’ administrative
workload but also enhance the learning process by
offering immediate and continuous feedback. This fosters
the development of students’ metacognitive skills and

promotes reflective learning practices (Luckin et al.,
2016; Swiecki et al., 2022).

Nevertheless, the findings also highlight that the
success of Al implementation is heavily influenced by
several external factors. Ethical concerns and data privacy
issues, limitations in digital infrastructure, and disparities
in educators’ digital competencies remain major
obstacles. Without clear regulatory frameworks and
ongoing training, Al integration may risk algorithmic
bias, breaches of privacy, and inequitable access across
institutions (Hartati et al., 2023).

Moreover, the future of Al in mathematics education
is increasingly promising with the integration of
Augmented Reality (AR) and Virtual Reality (VR)
technologies. These immersive tools allow abstract
mathematical concepts to be visualized more concretely
and intuitively, which has been empirically shown to
improve conceptual understanding and student interest.
Additionally, multimodal intelligent tutors capable of
processing input in text, voice, and image formats are
considered effective in enriching the learning experience
and accommodating diverse learning styles (Cao, 2023).

Ultimately, realizing effective and sustainable Al
integration requires a systemic approach that includes
enhancing educator capacity, investing in infrastructure,
and fostering cross-disciplinary collaboration among
educational institutions, technology developers, and
policymakers. Without such synergy, the transformative
potential of Al in mathematics education is unlikely to be
fully realized.

Conclusion and Recommendation

The findings of this review affirm that Artificial
Intelligence (AI) holds significant potential in
transforming mathematics education at the higher
education level. Al technologies can facilitate more
adaptive learning experiences, enhance the effectiveness
of instructional processes, and support the development
of essential 21st-century skills, such as critical thinking,
autonomous learning, and problem-solving.
Nevertheless, several challenges must be addressed,
including limited human resource readiness, accessibility
and availability of digital infrastructure, and emerging
ethical concerns related to data privacy and equitable
access to technology.

To move forward, several strategic actions are
recommended. First, there is a need to expand training
opportunities for both lecturers and students to ensure
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they can utilize Al technologies effectively in the learning
process. Second, increasing investment in campus digital
infrastructure is crucial to support the sustainable
implementation of Al-based learning systems. Third, the
development of regulatory frameworks addressing the
ethical use of Al in education should be prioritized to
ensure data protection, fairness, and transparency. Lastly,
collaborative research among higher education
institutions should be strengthened to evaluate the
effectiveness of various Al platforms, with the goal of
identifying models that best suit local needs and
contextual characteristics in Indonesia.
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