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Abstract

This systematic review examines the integration of artificial intelligence (Al) in mathematics
education, analyzing 60 research studies from 2017 to 2021. The findings highlight Al's
transformative potential in enhancing teaching methodologies, improving student engagement,
and facilitating the understanding of complex mathematical concepts. Key Al technologies
explored include intelligent tutoring systems, robotics, and generative Al models such as
ChatGPT. These tools enable personalized learning experiences, real-time feedback, and
interactive problem-solving environments, addressing traditional challenges in mathematics
instruction. However, the review also identifies limitations, including ethical considerations,
implementation barriers, and contextual constraints in diverse educational settings. The study
underscores the importance of a balanced approach that combines technological innovation with
effective pedagogical practices, aiming to maximize the benefits of Al in mathematics education
while mitigating its challenges. This comprehensive analysis provides a foundation for future
research and practical applications, particularly in underrepresented regions, to advance the
global adoption of Al in educational contexts.
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Introduction:

Artificial intelligence (Al) is revolutionizing various sectors, including education, where it offers
transformative possibilities for enhancing teaching and learning processes. Mathematics education, a
field traditionally perceived as challenging, has significantly benefited from Al technologies. These
innovations support educators in creating personalized, interactive, and engaging learning environments
while enabling students to develop critical problem-solving skills. This paper explores the application of
Al in mathematics education, focusing on its potential to address long-standing instructional challenges
and improve academic outcomes. By leveraging tools such as intelligent tutoring systems, robotics, and
generative Al models like ChatGPT, educators can provide customized learning experiences that cater to
diverse student needs. However, the adoption of Al also presents challenges, including ethical
considerations, resource disparities, and varying levels of technological proficiency among educators
and students. Through a systematic review of 60 research publications from 2017 to 2021, this study
aims to evaluate the effectiveness, benefits, and limitations of Al in mathematics education. The findings
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offer valuable insights for educators, policymakers, and researchers seeking to integrate Al into teaching
practices responsibly and effectively, ultimately transforming the educational landscape. We have
divided the papers broadly into two categories: use of ChatGPT in teatching and learning of
Mathematics and use of Al in teaching and learning of Mathematics. The first category exclusively
discusses the use of ChatGPT whereas the second category includes any type of Al tool in teaching and
learning of Mathematics.

ChatGPT for Teaching and Learning mathematics:

The advanced natural language processing (NLP) system, ChatGPT introduced in 2022, has not only
been discussed in traditional and digital media but also sparked intense debates about its transformative
potential and challenges. This technological innovation, hailed as a potential black swan event, has
revived discussions on the societal implications of artificial intelligence (Al), particularly in education
and academia. While some celebrate ChatGPT’s accessibility and versatility, others express concerns
over its unpredictable behaviors and possible misuse (Hidayat et al., 2021; Tashtoush et al., 2023).
ChatGPT, an innovative natural language processing (NLP) tool launched in 2022, has become a focal
point of both traditional and digital media. Its unpredictable capabilities have sparked debates, with
some viewing it as a black swan event. Despite prior discussions around artificial intelligence (Al),
ChatGPT’s emergence has reignited public discourse on the technology's potential benefits and risks to
society. While some innovators and early adopters commend its accessibility and utility, others express
concerns reminiscent of dystopian portrayals, such as in the Terminator films. Among the diverse
applications of ChatGPT, its implications for education and academia have been particularly significant,
as its ability to produce human-like written content raises critical questions about its role in teaching and
learning.

The evolution of Al from a perceived novelty to a transformative technology underscores its disruptive
potential. The adoption of tools like ChatGPT is inevitable, making it essential to understand their
advantages, limitations, and ethical considerations (Hidayat et al., 2021; Tashtoush et al., 2023).
Particularly in education, evaluating ChatGPT’s impact can help educators develop strategies to
maximize its benefits while mitigating potential drawbacks (Firat, 2023; Tashtoush et al., 2022a). As
stakeholders acclimate to this technology, resistance to change often dissipates, paving the way for its
integration into everyday life (Alkaissi & McFarlane, 2023; De Winter, 2023; Deng et al., 2018;
Tashtoush et al., 2022b; Thorp, 2023).

Al, a rapidly expanding field of computer science, encompasses applications from medical diagnostics
to self-driving cars and educational tools. Combining Al with emerging technologies like the Internet of
Things (IoT) has given rise to Artificial Intelligence of Things (AloT), enabling further advancements
(Deng et al., 2019; Tashtoush et al., 2023). ChatGPT stands out as a promising example, leveraging NLP
and deep learning (DL) to simulate human-like interactions and address a broad range of subjects (Lin et
al., 2023).

The global Al industry, predicted to surpass $450 billion in value by 2023 (Jyoti & Kuppuswamy,
2022), has seen significant strides across fields such as law (Arrabal Platero, 2022), finance (El Fallahi
et al., 2022), medicine (Garcia-Pefialvo et al., 2021), and education (Qu et al., 2022). ChatGPT
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exemplifies this progress, using large language models to enhance user interaction, yet it also highlights
the so-called "Al effect,” where advanced Al capabilities are underestimated due to their perceived
simplicity (Walker & Noorden, 2023; Bitzenbauer, 2023).

In education, Al technologies like ChatGPT are reshaping teaching methodologies. Generative Artificial
Intelligence (GAI), powered by machine learning frameworks such as Generative Adversarial Networks
(GANSs) and Generative Pre-trained Transformers (GPTSs), enables the creation of synthetic content for
diverse applications (Abukmeil et al., 2021; Brown et al., 2020; Guo et al., 2023; Hu, 2022; Wardat,
2023). While GANSs specialize in generating realistic data through adversarial training (Rudolph et al.,
2023; Han & Kamber, 2011), GPT models like ChatGPT excel at generating coherent and contextually
appropriate text for education, customer service, and more (Guo et al., 2023; Rudolph et al., 2023).

ChatGPT’s potential in education, particularly mathematics, is vast. It supports educators by generating
personalized content, facilitating problem-solving, and enhancing student engagement (Guo et al., 2023).
Moreover, ChatGPT’s ability to assist with assessments and feedback further underscores its value
(Crust, 2023; De Winter, 2023). Students benefit from its intuitive interface, which enables easy
comprehension of complex mathematical concepts. However, as with any tool, ChatGPT has limitations,
including occasional inaccuracies and an inability to fully grasp contextual subtleties (Tenhundfeld &
ChatGPT, 2023). Thus, its use must complement, rather than replace, traditional teaching methods.
There are research suggestions for the responsible integration of ChatGPT into educational settings,
ensuring its benefits are maximized while its risks are minimized (Pardos & Bhandari, 2023; Shahriar &
Hayawi, 2023).

Al, a rapidly advancing field in computer science, focuses on creating intelligent systems capable of
performing tasks typically associated with human cognition. This includes applications ranging from
medical diagnostics to autonomous vehicles and educational tools (Deng et al., 2019; Lin et al., 2023).
ChatGPT, specifically, represents a breakthrough in Al-powered chatbots, offering conversational
capabilities that simulate human interaction. Built on the GPT-3 framework, ChatGPT’s vast 175 billion
parameters enable it to generate human-like responses, making it a promising tool for diverse
applications, including mathematics education (Guo et al., 2023; Rudolph et al., 2023).

The integration of Al technologies such as ChatGPT into education has revolutionized teaching and
learning processes. By enabling personalized learning experiences, providing instant feedback, and
facilitating access to complex mathematical concepts, ChatGPT has the potential to enhance student
engagement and academic achievement (Guo et al., 2023; Firat, 2023). However, its adoption is not
without challenges. Limitations in accuracy, contextual understanding, and the ethical implications of its
use necessitate a balanced approach that combines technological innovation with human oversight
(Pardos & Bhandari, 2023; Shahriar & Hayawi, 2023). ChatGPT can be responsibly integrated into
educational settings while maximizing its benefits and addressing its challenges (Frieder et al., 2023;
Shakarian et al., 2023).
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Al in Mathematics Teaching and Learning

The integration of artificial intelligence (Al) into education has gained significant attention in recent
years, transforming teaching and learning practices across various disciplines, including mathematics. Al
represents a leap forward in leveraging advanced technologies to enhance educational outcomes. Recent
studies emphasize the profound potential of Al in facilitating better cognitive and mathematical skill
development for students at all levels (Chen et al., 2020a; Cope et al., 2020; He et al., 2019; Schiff,
2021; Vaishya et al., 2020). By leveraging innovative tools, Al enables faster access to information and
supports independent learning, empowering students to acquire knowledge beyond traditional classroom
boundaries (Popenici & Kerr, 2017; Gao, 2020).

The role of Al in education is not limited to aiding students. It also augments teachers' efforts by
introducing tools like teachable agents and robotics, which create dynamic and engaging learning
environments (Song, 2017; Voskoglou & Salem, 2020). While Al enhances educational efficiency, it
does not replace educators but instead complements their work by overcoming traditional teaching
challenges (Cope et al., 2020). Despite these advantages, deploying Al technologies in education
presents challenges such as resource requirements, ethical concerns, and public perception issues (Neri
& Cozman, 2019; Popenici & Kerr, 2017).

The application of Al in mathematics education specifically offers unique benefits, such as improving
problem-solving and conceptual understanding through tools like robotics and machine learning
algorithms (Casler-Failing, 2018; Harper et al., 2021). However, existing research has predominantly
focused on STEM and engineering contexts, leaving significant opportunities to explore Al's broader
impact in mathematics education (Chen et al., 2020a; Zawacki-Richter et al., 2019). This systematic
literature review aims to address these gaps by providing a comprehensive analysis of AI’s role in
mathematics education, emphasizing its advantages, methodologies, and thematic trends. The findings
contribute to understanding how Al can transform educational practices and inspire future research in
this field.

In 1956, Marvin Minsky and John McCarthy organized the Dartmouth Summer Research Project on
Artificial Intelligence (DSRPAI), a groundbreaking eight-week-long event that officially introduced the
term "artificial intelligence” (Al). Since then, Al has been explored through various conceptual
frameworks. A key challenge in defining Al, as discussed by Poole et al. (1998), lies in determining the
parameters of artificiality and how computer intelligence fundamentally differs from human cognition
(Cope et al., 2020). Broadly, Al represents a convergence of advancements in computer science,
machine learning, and information communication technologies, enabling machines to perform tasks
that mimic human capabilities (Chen et al., 2020b). Baker and Smith (2019) define Al as systems
capable of executing cognitive functions such as problem-solving (PS) and learning, traditionally
associated with human intelligence. Examples of Al technologies include data mining, natural language
processing, neural networks, and algorithms, all of which have significant implications for decision-
making in educational contexts (Hwang et al., 2020).

In mathematics education, Al fosters an innovative approach by integrating tools and methods that
support the development of students’ cognitive and problem-solving skills. By employing animation and
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software tools, students can enhance their imagination and critical thinking abilities (Voskoglou &
Salem, 2020). Al technologies, including intelligent tutoring systems and robotics, have transformed
classrooms into environments that facilitate dynamic and interactive learning experiences, thereby
improving teaching methodologies. These technologies also address the long-standing goal of Al
researchers: to replicate human-like reasoning, emotion, and problem-solving in machines while
continuously pushing the boundaries of machine autonomy (Chesani et al., 2017).

The role of robotics, a prominent Al application, is particularly notable in mathematics education.
Robotics has expanded across various domains, offering significant advantages for student engagement
and motivation. For instance, tools like LEGO robotics, including the EV3 Mindstorms, provide students
with hands-on opportunities to explore mathematical concepts interactively. Studies have shown that
robotics can enrich middle school math instruction by fostering deeper engagement compared to
traditional teaching methods (Casler-Failing, 2021). Despite these benefits, practical challenges such as
classroom space and teacher-to-student ratios hinder the widespread adoption of robotics in early
education (Seckel et al., 2021).

Al also promotes the development of personalized learning pathways. Models like Ouyang and Jiao’s
(2021) framework categorize Al’s educational roles as Al-directed (learner-as-recipient), Al-supported
(learner-as-collaborator), and Al-empowered (learner-as-leader). This framework underpins many Al
applications, emphasizing their potential to adapt to diverse learning needs and enhance student
outcomes.

Recent studies affirm the positive impact of Al on students’ academic performance, creative problem-
solving skills, and learning attitudes (Min et al., 2021; Kim & Han, 2021; Liao & Gu, 2022). From
kindergarten to higher education, Al tools such as virtual assistants and Al-powered classroom
environments have demonstrated their value in fostering conceptual understanding and integrating
advanced pedagogical approaches (Chen et al., 2020b; Ma & Siau, 2018). In early education, for
example, Al can transform classrooms into "wisdom classrooms,” where students benefit from
customized learning experiences tailored to their developmental stages.

Robotics is the most widely used approach to integrating artificial intelligence (Al) in mathematics
education, surpassing other methods such as systems, tools, teachable agents, autonomous agents, and
comprehensive approaches. This aligns with Zhong and Xia (2020), who identified the potential for
rapid, evidence-based research in teaching mathematical content knowledge through robotics. With nine
studies highlighting the use of robotics, research indicates a predominantly positive impact, as also
observed by Seckel et al. (2021), who found that primary school teachers hold favorable views toward
the inclusion of robots in mathematics instruction.

Systems and tools represent the second most common Al approaches in mathematics education. Various
systems, such as R and MATLAB, have been applied in research (Duzhin & Gustafsson, 2018). Other
examples include intelligent tutoring systems, designed to simulate the behavior of human educators
(Hasanein & Abu-Naser, 2018), and integrated systems combining microworlds with intelligent support
mechanisms. However, integrated systems remain limited in scope, as noted by Rojano and Garcia-
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Campos (2017), who found that such systems sometimes fail to accommodate diverse student responses,
particularly in algebraic or numerical contexts.

The comprehensive approach to Al in mathematics education has also demonstrated positive outcomes.
Wu (2021) concluded that Al-assisted teaching significantly enhances foundational mathematics
education, a finding supported by Zawacki-Richter et al. (2019), who noted Al's potential to advance
learning analytics. However, challenges such as privacy concerns and the extensive data required for
these systems persist, emphasizing the need for caution in their implementation. Given these findings,
future research should focus on exploring robotics' full potential in mathematics education.

Geographically, the majority of reviewed studies were conducted in the United States and Mexico, with
limited representation from countries such as the United Kingdom, Sweden, and China (Casler-Failing,
2018; Harper et al., 2021; Mills, 2021). Some countries, such as Norway, have integrated programming
into mathematics curricula, which complements the use of robotics (Forsstrom & Afdal, 2019).
Nevertheless, more intercultural research is needed to understand the varying impacts of Al on
mathematics education across diverse contexts, particularly in underrepresented regions like Asia.

Al has shown potential to significantly enhance students’ educational experiences by improving
accessibility, fostering teacher-student communication, and allowing for personalized learning pathways.
Wu (2021) found that Al-assisted teaching improved mathematics scores by 30% compared to
traditional methods while fostering greater collaboration among students. These findings highlight the
growing importance of incorporating Al into national education strategies, with Forsstrom and Afdal
(2019) emphasizing the integration of programming and technology into curricula as a means to boost
mathematics performance.

Methodologically, our review identified three research approaches: quantitative, qualitative, and mixed
methods. Quantitative methods, which prioritize statistical and numerical data, were slightly more
prevalent, with eight studies using this approach (e.g., Duzhin & Gustafsson, 2017; Gulz et al., 2020).
Qualitative methods, employed in seven studies, were particularly effective in exploring behavioral and
observational data, such as the use of LEGO robotics in classrooms (Casler-Failing, 2021). Mixed-
method studies, though less common, provided valuable insights by reconciling quantitative and
qualitative findings to enrich the understanding of AI’s impact (Salas-Rueda et al., 2020).

Regarding publication trends, 2021 saw the highest number of Al-related studies, particularly from
European authors. These studies often explored the role of robotics in enhancing active learning and
engagement in mathematics (Lopez-Caudana et al., 2020). The findings suggest that educators are
increasingly recognizing the benefits of robotics for fostering creativity, problem-solving, and
mathematical thinking in students (Rico-Bautista et al., 2019).

Effectiveness emerged as the most researched theme in Al studies, underscoring its significant impact on
mathematics education. Robotics, for instance, has been shown to promote deeper student engagement
and understanding compared to traditional teaching methods (Casler-Failing, 2018). However, effective
implementation requires careful planning and appropriate strategies, as highlighted by Lopez-Caudana et
al. (2020).
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Additionally, studies have explored strategies, roles, and conceptual understandings related to Al in
education. Teachers' programming skills, for example, are crucial for effectively integrating Al tools into
classrooms (Forsstrom & Afdal, 2020). Educators must also cultivate a strong conceptual grasp of Al to
deliver meaningful and interactive learning experiences. The incorporation of Al not only enhances
student creativity and critical thinking but also prepares them for a technologically advanced future
(Seckel et al., 2021).

Artificial intelligence (Al) is the simulation of human intelligence within machines, designed to think
and perform tasks typically requiring human input. Al systems rely on data and experience to function
effectively, learning and improving autonomously through usage. In mathematics education, Al offers
numerous advantages. It fosters critical thinking and responsibility in students, enhances their
understanding of fundamental concepts in geometry, mathematics, and statistics, and improves
interpersonal skills and social interactions. By creating dynamic learning environments, Al facilitates
effective knowledge acquisition and a deeper engagement with mathematical concepts.

The findings of bin Mohamed et at. highlight various Al implementation approaches, including systems,
teachable agents, autonomous agents, machine learning models, digital technology tools, and
comprehensive frameworks. Among these, robotics emerges as the most commonly used method by
students, teachers, and researchers due to its hands-on and engaging applications.

AT’s integration into mathematics teaching and learning has gained traction globally. Many countries
have adopted Al to enhance education quality, with the United States leading in research publications
over the past five years, followed by nations like Mexico and Canada. While various aspects of Al—
such as advantages, limitations, and implementation strategies—are explored, its effectiveness remains
the most frequently studied topic. Understanding this effectiveness is vital to expanding AI’s role in
education. When proven successful, Al can be applied more broadly to revolutionize learning
experiences.

Robotics, in particular, holds significant educational potential, enabling students and educators to
explore mathematical concepts interactively. However, its implementation must be carefully managed to
avoid adding unnecessary complexity to students’ workloads. Rather than relying on robotics as the sole
tool, educators and students should leverage its capabilities to enhance mathematical understanding and
focus on core concepts.

In summary, Al transforms teaching and learning into more engaging, creative, and efficient processes,
simplifying complex subjects and enhancing students’ comprehension. With further exploration and
thoughtful application, Al has the potential to redefine mathematics education and inspire broader
adoption in classrooms worldwide.

Conclusion

This systematic review underscores the transformative potential of artificial intelligence (Al) in
mathematics education, revealing its capacity to enhance teaching methodologies, foster personalized
learning, and improve student engagement. By integrating tools such as intelligent tutoring systems,
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robotics, and generative Al models like ChatGPT, educators can address traditional challenges and
create dynamic, interactive learning environments that cater to diverse student needs. However, the
study also highlights critical challenges, including ethical concerns, resource constraints, and varying
levels of technological proficiency among stakeholders. These limitations emphasize the need for a
balanced approach that combines innovative Al applications with robust pedagogical frameworks and
ethical safeguards. The findings contribute to the growing body of research on Al in education, offering
practical insights for policymakers, educators, and researchers. Future efforts should focus on addressing
contextual and cultural disparities, exploring scalable solutions, and fostering interdisciplinary
collaboration to ensure that Al technologies are harnessed responsibly and equitably. By doing so, Al
can become a powerful ally in transforming mathematics education and advancing global educational
goals.
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