New Frontier in Mathematics Education: A
— Review of Emerging Trends and Critical
Issues on Artificial Intelligence

Jay Fie Paler Luzano
Bukidnon State University, Philippines

www.ijte.net

To cite this article:

Luzano, J.F.P. (2025). New frontier in mathematics education: A review of emerging trends
and critical issues on artificial intelligence. International Journal of Technology in Education
(IJTE), 8(1), 208-219. https://doi.org/10.46328/ijte.1028

The International Journal of Technology in Education (IJTE) is a peer-reviewed scholarly online journal.
This article may be used for research, teaching, and private study purposes. Authors alone are responsible
for the contents of their articles. The journal owns the copyright of the articles. The publisher shall not be
liable for any loss, actions, claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of the research material. All
authors are requested to disclose any actual or potential conflict of interest including any financial, personal
or other relationships with other people or organizations regarding the submitted work.

Tl This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.


http://www.ijte.net/

BJT

International Journal of Technology in Education
2025, Vol. 8, No. 1, 208-219

https://doi.org/10.46328/ijte.1028

New Frontier in Mathematics Education: A Review of Emerging Trends

and Critical Issues on Artificial Intelligence

Jay Fie Paler Luzano

Article Info

Abstract

Article History
Received:

30 August 2024
Accepted:

09 December 2024

Keywords

ChatGPT

Mathematics education
Emerging trends
Critical issues
Systematic review

Artificial Intelligence

Integrating artificial intelligence (Al) technologies into various educational
domains has garnered significant attention. Among these technologies, ChatGPT
stands out as a powerful tool that holds the potential to revolutionize the landscape
of mathematics education. This study aims to explore the emerging trends and
critical issues surrounding the utilization of ChatGPT in mathematics education.
This study utilized a systematic literature review method to synthesize existing
literature concerning the emerging trends and critical issues regarding the
utilization of ChatGPT in Mathematics Education. Findings revealed three (3)
emerging trends, such as (1) Personalized Learning Experiences; (2) Integration
with Virtual Learning Environments; and (3) Enhanced Collaborative Learning.
Then, another three (3) themes for critical issues; namely: (1) Algorithmic Bias
and Accuracy; (2) Privacy and Data Security; and (3 Ethical Use and
Accountability. It is recommended that educators, policymakers, and technology
developers collaborate to address the critical issues identified while harnessing the
potential of ChatGPT to enhance mathematics instruction. Embracing emerging
trends while mitigating critical issues will pave the way for the effective
integration of ChatGPT in Mathematics Education, ultimately fostering enriched
learning experiences and empowering students to thrive in mathematical learning

environments.

Introduction

Integrating artificial intelligence (Al) technologies into various educational domains has garnered significant

attention. Among these technologies, ChatGPT stands out as a powerful tool that holds the potential to

revolutionize the landscape of mathematics education (Frieder et al., 2023). This study aims to explore the

emerging trends and critical issues surrounding the utilization of ChatGPT in mathematics education, shedding

light on its promises and challenges.

The rise of artificial intelligence (Al) has sent ripples of change through the educational landscape, and

mathematics education is no exception. One particularly promising tool within this wave of innovation is

ChatGPT, a large language model with the potential to fundamentally transform how we learn and teach

mathematics (Halaweh, 2023). This study primarily explores the exciting possibilities that ChatGPT presents for
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mathematics education. This investigates the emerging trends in its application, from customized learning
experiences to collaborative problem-solving. However, alongside these promises lie potential challenges that
require careful consideration. This exploration not only examines the ways ChatGPT can revolutionize
mathematics education but also addresses the critical issues that need to be addressed to ensure its responsible and

effective use.

As education increasingly embraces digital technologies, the role of Al, particularly conversational agents like
ChatGPT, has become pivotal. ChatGPT, built on OpenAl's GPT architecture, possesses the capability to engage
in human-like conversations and generate coherent text based on the input it receives. In the context of
mathematics education, ChatGPT has the potential to act as a personalized tutor, providing students with tailored
explanations, problem-solving strategies, and feedback (Graesser et al., 2017).One of the primary trends driving
the adoption of ChatGPT in mathematics education is its ability to facilitate personalized learning experiences.
Traditional classroom settings often struggle to accommodate the diverse learning needs and paces of individual
students (Baidoo-Anu & Ansah, 2023). However, ChatGPT can adapt its responses and instructional strategies
based on the student's level of understanding, learning style, and pace, thereby fostering a more inclusive and

effective learning environment (Luzano, 2020; Info et al., 2023).

One of the key factors driving the excitement around ChatGPT in mathematics education is its potential to
customize the learning experience. Traditional classrooms, with their one-size-fits-all approach, often struggle to
cater to the unique needs of each student. Some students grasp concepts quickly and require more challenging
material, while others might benefit from additional explanation and practice. This can lead to frustration and
disengagement for both advanced and struggling learners. Here's where ChatGPT shines. By analyzing a student's
performance and interactions, ChatGPT can tailor-fit its explanations and instructional strategies. Imagine a
student who thrives on visual aids. ChatGPT can provide them with interactive charts and diagrams alongside
explanations while offering a more text-based approach for students who prefer written instructions. This
adaptability fosters a more inclusive learning environment where every student receives the support they need to

excel in mathematics (Wardat et al., 2023).

Furthermore, the integration of ChatGPT in mathematics education holds promise for promoting student
engagement and motivation. By simulating natural language interactions, ChatGPT can make learning
mathematics more interactive, conversational, and enjoyable for students. Its ability to provide instant feedback
and guidance can help alleviate the frustration often associated with learning challenging mathematical concepts,

thereby fostering a more positive attitude towards mathematics (Fauzi et al., 2023).

However, alongside its promises, the integration of ChatGPT in mathematics education also raises critical issues
and concerns that warrant careful consideration. One such issue revolves around the ethical implications of relying
heavily on Al technologies in education (Reiss, 2021). Concerns regarding data privacy, algorithmic biases, and
the depersonalization of the learning experience underscore the need for a nuanced approach to integrating
ChatGPT into educational settings. Moreover, questions surrounding the effectiveness of ChatGPT in promoting

deep conceptual understanding and critical thinking skills in mathematics merit thorough investigation and
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reflection (Chen et al., 2023).

While ChatGPT offers exciting possibilities for personalized learning, its integration into mathematics education
isn't without challenges. A critical issue lies in the ethical implications of relying heavily on Al tools in education.
Questions arise around data privacy, considering the student data ChatGPT collects to personalize its approach.
There are concerns that this data might be vulnerable to breaches or misuse, raising privacy anxieties for students

and parents (Huang, 2023).

Furthermore, algorithmic bias, a well-documented issue in Al systems, could also be a concern. If the data
generated from ChatGPT is trained to contain biases, it might unknowingly perpetuate them in its explanations or
recommendations. Imagine a student using ChatGPT for statistics problems and receiving examples that reinforce
gender stereotypes in certain fields. This could not only be inaccurate but also discourage students from pursuing
careers in those areas. Beyond these ethical considerations, the effectiveness of ChatGPT in promoting deep
conceptual understanding and critical thinking skills, essential for mathematical mastery, also deserves
investigation. While ChatGPT can provide clear explanations, can it truly foster the kind of independent problem-
solving and analysis that true mathematics proficiency requires? These are just some of the critical issues that
warrant careful examination before fully embracing ChatGPT in the mathematics classroom (Baker & Hawn,
2021).

In light of these emerging trends and critical issues, this study explored and reviewed different articles related to
ChatGPT in Mathematics Education to elucidate the diverse applications, emerging trends, and critical issues
surrounding the utilization of ChatGPT in the realm of mathematics instruction. Through a comprehensive
examination of the current state of the field, this study seeks to inform educators, policymakers, and researchers

about the implications of leveraging ChatGPT to enhance mathematics learning experiences.

Method

To furnish a comprehensive insight into the application of ChatGPT in Mathematics Education, a systematic
review (Strech & Sofaer, 2011) was undertaken. A meticulously crafted search strategy was implemented,
encompassing electronic databases such as Google Scholar and ResearchGate, as well as pertinent journals and
books. The search terms utilized included "ChatGPT in Mathematics Education,” "Emerging Trends in ChatGPT,"
"Critical Issues in ChatGPT," and "ChatGPT in Instruction.” The inclusion criteria were defined to incorporate
peer-reviewed articles and publications published in English within the past decade, with a specific focus on the

utilization of ChatGPT in Mathematics Education across diverse educational environments and grade levels.

The initial search phase yielded a considerable volume of articles, which were subsequently screened based on
their titles and abstracts to gauge their relevance to the research topic. Following this screening process, twenty-
seven (27) articles were selected for in-depth review to extract insights concerning the utilization of ChatGPT in
Mathematics Education. Through this comprehensive review, common themes and recurring patterns were

discerned, facilitating the provision of an encompassing overview of the diverse trends and issues regarding the
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integration of ChatGPT in mathematics instruction.

The systematic approach adopted in this study enabled the synthesis of a wide array of literature, thereby
furnishing a holistic understanding of the landscape surrounding ChatGPT in Mathematics Education. By delving
into the nuances of the selected articles, significant insights were gleaned regarding the varied applications,
emerging trends, and critical challenges inherent in the deployment of ChatGPT within mathematics instructional
contexts. Through the identification and analysis of common themes and patterns, this study aimed to offer
valuable contributions to the existing body of knowledge, paving the way for informed discussions, further
research endeavors, and informed decision-making regarding the integration of ChatGPT into mathematics

education practices.

Results and Discussion
ChatGPT in Mathematics Education: Emerging Trends

Theme 1: Personalized Learning Experiences

One prominent trend involves the customization of mathematics instruction through ChatGPT. ChatGPT's ability
to adapt responses based on individual student needs, learning styles, and proficiency levels enables personalized
learning experiences (Shaikh et al., 2023). Through tailored explanations, real-time feedback, and customized
problem-solving strategies, ChatGPT supports students in navigating mathematical concepts at their own pace,
fostering deeper understanding and engagement (Patero, 2023).The rise of artificial intelligence is transforming
education, and mathematics instruction is no exception. One exciting development is the use of ChatGPT to
personalize learning experiences for individual students. Unlike traditional one-size-fits-all approaches, ChatGPT
can analyze a student's strengths, weaknesses, and preferred learning styles. By taking these factors into account,
ChatGPT can tailor its explanations and deliver targeted support (Luzano, 2024).This personalized approach
unlocks a new level of engagement and fosters deeper understanding. Imagine a student struggling with a specific
concept. ChatGPT can provide clear explanations customized to their learning style, offering real-time feedback
and suggesting problem-solving strategies that resonate with them. This dynamic interaction allows students to
navigate mathematical concepts at their own pace, leading to a more positive and rewarding learning experience
(Ma, 2023).

Theme 2: Integration with Virtual Learning Environments

Another emerging trend is the integration of ChatGPT within virtual learning environments (VLES) or learning
management systems (LMS). Educational platforms are incorporating ChatGPT to provide on-demand assistance,
interactive tutorials, and automated grading systems for mathematics assignments and assessments (Frieder et al.,
2023; Romorosa et al., 2023). This integration enhances accessibility to mathematics resources, promotes
continuous learning outside traditional classroom settings, and augments teacher-student interactions in online

learning environments (Ayuwanti, Marsigit, & Siswoyo, 2021).

The walls of the traditional classroom are dissolving in the digital age, and virtual learning environments (VLES)
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or learning management systems (LMS) are becoming increasingly popular. This shift opens exciting possibilities
for integrating ChatGPT into the online learning experience. Educational platforms are embracing ChatGPT's

capabilities to create a dynamic and supportive environment for math learners (Fauzi et al., 2023).

Imagine a VLE where students can access on-demand tutoring from ChatGPT, receiving personalized assistance
tailored to their specific questions and challenges. Interactive tutorials crafted by ChatGPT can provide engaging
explanations and practice exercises, catering to different learning styles. Additionally, ChatGPT can be integrated
with automated grading systems, offering students immediate feedback on their math assignments and
assessments. This not only saves teachers valuable time but also allows students to identify and address knowledge
gaps promptly. Overall, the integration of ChatGPT in VLEs enhances accessibility to learning materials,
empowers continuous learning beyond classroom hours, and fosters a richer learning experience for students in

online environments (Rahman & Watanobe, 2023).

Theme 3: Enhanced Collaborative Learning

ChatGPT is facilitating collaborative learning experiences in mathematics education by fostering peer-to-peer
interactions and group problem-solving activities (Hui, Qian, & Zheng, 2023). Students can engage in
collaborative dialogue with ChatGPT to explore mathematical concepts, discuss problem-solving strategies, and
collectively tackle challenging problems (Francisco, 2013). This trend promotes social learning, encourages
knowledge sharing, and cultivates a collaborative learning culture within mathematics classrooms, both in
physical and virtual settings (Elbers & Streefland, 2000).ChatGPT is not only personalizing learning but also
revolutionizing how students learn from each other. Imagine a classroom where students are no longer limited to
just teacher-led instruction or isolated individual work. ChatGPT can act as a facilitator for collaborative learning
experiences in mathematics. Students can work in groups or pairs, engaging in discussions with ChatGPT to
explore concepts, brainstorm different approaches to problems, and collectively work toward solutions (Frieder
etal., 2023).

This approach fosters social learning, a well-established educational principle where students learn effectively
from interacting and explaining concepts to their peers. By encouraging knowledge-sharing and collaborative
problem-solving, ChatGPT can cultivate a vibrant learning culture within mathematics classrooms, both physical
and virtual. This collaborative environment not only strengthens understanding of mathematical concepts but also
hones valuable communication and teamwork skills that benefit students far beyond the classroom (Baidoo-Anu
& Ansah, 2023).

ChatGPT in Mathematics Education: Critical Issues

Theme 1: Algorithmic Bias and Accuracy

One significant issue pertains to algorithmic bias and accuracy in ChatGPT's responses and recommendations
(Hirosawa, et al., 2023). As an Al-based system, ChatGPT relies on the data it has been trained on, which may

inadvertently reflect biases present in the training data. (Rozado, 2023). In the context of mathematics education,
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algorithmic biases could result in inaccuracies, misconceptions, or reinforcement of stereotypes in the
explanations, examples, and problem-solving strategies provided by ChatGPT (Kordzadeh & Ghasemaghaei,
2021; Luzano, 2023).

Moreover, inaccuracies in ChatGPT's responses may undermine students' trust in the system and lead to
misunderstandings or errors in their mathematical learning process (Yadav et al., 2023). One potential pitfall to
consider with ChatGPT's integration into mathematics education is the issue of algorithmic bias and accuracy.
Since ChatGPT is an Al system, its responses and recommendations are heavily influenced by the data it's trained
on. This data, unfortunately, can contain biases that reflect the world around us. These biases can then be

unwittingly woven into ChatGPT's explanations, examples, and problem-solving strategies (Halaweh, 2023).

Imagine a student relying on ChatGPT for help with a geometry problem, and unknowingly receiving an
explanation that reinforces a historical gender stereotype about spatial reasoning. This could not only be inaccurate
but also discourage the student from pursuing further exploration in that area. Furthermore, if ChatGPT provides
an incorrect answer or misleading explanation, it could erode student trust in the system and lead to
misunderstandings or errors in their math learning. Therefore, it's crucial to be aware of this potential drawback
and implement safeguards like teacher oversight and data quality checks to ensure ChatGPT remains a reliable

tool for mathematics education (Kordzadeh & Ghasemaghaei, 2021).

Theme 2: Privacy and Data Security

Another critical issue involves privacy and data security concerns associated with the use of ChatGPT in
Mathematics Education (Rahman & Watanobe, 2023). ChatGPT interacts with students in real-time, collecting
and processing sensitive personal and educational data to tailor responses and recommendations (Dempere et al.,
2023). However, the storage, handling, and protection of this data raise significant privacy concerns, particularly
regarding data breaches, unauthorized access, and misuse of personal information (Yang, Xiong, & Ren, 2020).
Ensuring robust data encryption, adherence to data protection regulations, and transparent data usage policies are

essential to safeguarding students' privacy and maintaining trust in the educational use of ChatGPT (Ma, 2023).

The vast potential of ChatGPT in mathematics education comes with a responsibility to protect student privacy.
Unlike traditional static tools, ChatGPT interacts with students in real-time, gathering and analyzing a wealth of
data to personalize its responses. This data can include personal information, learning styles, strengths,
weaknesses, and even problem-solving approaches. While valuable for personalization, the collection and storage
of such sensitive data raises significant privacy concerns. Data breaches, unauthorized access, or even misuse of

this information could have serious consequences for students (Jain & Menon, 2023).

To mitigate these risks and ensure the responsible use of ChatGPT in mathematics education, robust safeguards
are essential. Strong data encryption practices, strict adherence to data protection, and transparent data usage
policies are crucial steps. By prioritizing student privacy and fostering trust, educators can harness the power of

ChatGPT while ensuring a safe and secure learning environment (Fu, Huang, & Singh, 2020).
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Theme 3: Ethical Use and Accountability

Ethical considerations surrounding the use of ChatGPT in Mathematics Education constitute another critical issue.
As an Al-based tool, ChatGPT raises questions about accountability, transparency, and the ethical implications of
its recommendations and interactions with students (Li et al., 2023). Educators and developers must grapple with
ethical dilemmas such as the responsibility for errors or biases in ChatGPT's responses, the potential for
unintended consequences of its recommendations, and the need for informed consent and ethical guidelines
governing its use in educational settings (Sallam, 2023). Addressing these ethical concerns requires collaboration
among educators, researchers, policymakers, and technology developers to establish ethical frameworks,
guidelines, and mechanisms for accountability in the design, deployment, and evaluation of ChatGPT in
Mathematics Education (Bang & Park 2023; Luzano, 2024).

The integration of ChatGPT into mathematics education introduces a new layer of complexity - ethical
considerations. Unlike a textbook with a single author, ChatGPT is an Al tool with constantly evolving capabilities
and potential biases. This raises critical questions about accountability, transparency, and the ethical implications
of its interactions with students. Educators using ChatGPT must grapple with who is responsible for errors or
biases in their responses (Sallam, 2023). Furthermore, the potential for unintended consequences due to
ChatGPT's recommendations necessitates careful consideration. For instance, ChatGPT might consistently
recommend a problem-solving approach that favors a particular learning style, potentially disadvantaging students
with different learning preferences. These are just a few examples of the ethical dilemmas educators and
developers must navigate (Zhang & Tur, 2023).To ensure the responsible use of ChatGPT, collaboration is key.
Educators, researchers, policymakers, and technology developers must work together to establish clear ethical
frameworks, guidelines, and mechanisms for accountability. This collaborative effort will not only safeguard
students but also ensure that ChatGPT remains a valuable tool for enhancing mathematics education

(Panagopoulou, Parpoula, Karpouzis, 2023).

Emergent Proposition

ChatGPT, an Al-based system, is transforming mathematics education by personalizing learning experiences,
integrating with virtual learning environments, and fostering collaborative learning. By adapting responses based
on individual student needs, learning styles, and proficiency levels, ChatGPT enables personalized learning,
fostering deeper understanding and engagement. The integration of ChatGPT within virtual learning environments
enhances accessibility to mathematics resources, promotes continuous learning, and augments teacher-student
interactions in online learning environments. ChatGPT also facilitates collaborative learning experiences by
fostering peer-to-peer interactions and group problem-solving activities, promoting social learning and knowledge

sharing.

However, the use of ChatGPT in mathematics education comes with critical issues. Algorithmic bias and accuracy
are significant concerns, as ChatGPT's responses and recommendations rely on the data it has been trained on,

which may inadvertently reflect biases present in the training data. Inaccuracies in ChatGPT's responses may
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undermine students' trust in the system and lead to misunderstandings or errors in their mathematical learning
process. Privacy and data security are also critical issues, as ChatGPT interacts with students in real-time,
collecting and processing sensitive personal and educational data to tailor responses and recommendations. Ethical
considerations, such as accountability, transparency, and the ethical implications of ChatGPT's interactions with
students, must be addressed to ensure responsible use in educational settings. Collaboration among educators,
researchers, policymakers, and technology developers is essential to establish ethical frameworks, guidelines, and
mechanisms for accountability in the design, deployment, and evaluation of ChatGPT in mathematics education.

Personalized
Lear‘r\inﬁ
Experiences

Algor‘ﬁhmic
Bias and
Accur‘acy

Emerging
Trends (Left)
Integration :
with Virtual ChatGPT in Privacy and

Data Securi-l-y

Learning 4 Mathematics
Education

Environments
Critical Issues
(Right)
Enhanced

Collaborative
Learnina

Ethical Use and
. Accoun+abili+y

Figure 1. Schema of the Emergent Proposition on the Trends and Issues of ChatGPT in Mathematics EducatioN

Conclusion

The findings highlight the transformative potential of ChatGPT in mathematics education, particularly through
three emerging trends: personalized learning, integration with virtual learning environments (VLEs), and
enhanced collaborative learning. ChatGPT’s ability to tailor responses based on individual needs and learning
styles offers students personalized instruction, promoting deeper understanding and engagement. Additionally,
integrating ChatGPT into VLEs provides on-demand tutoring, automated grading, and access to interactive
learning resources, making math education more accessible beyond the traditional classroom. Furthermore,
ChatGPT facilitates collaborative learning by encouraging peer interactions and group problem-solving, fostering

social learning and communication skills.

However, the use of ChatGPT in mathematics education presents several critical issues that require careful
attention. Algorithmic bias and inaccuracies in Al-generated responses can introduce misconceptions or reinforce

stereotypes, potentially affecting students’ trust and learning outcomes. Privacy and data security also emerge as
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significant concerns, given the sensitive personal data collected to tailor interactions. Without stringent
protections, data breaches or unauthorized access could compromise student privacy. Additionally, the ethical use
of ChatGPT raises questions about accountability for errors, transparency in recommendations, and the unintended

consequences of Al-guided learning.

To maximize ChatGPT’s benefits while addressing these challenges, collaboration among educators, researchers,
policymakers, and developers is essential. Establishing ethical frameworks, data protection measures, and
oversight mechanisms will be crucial to ensuring responsible implementation. By balancing the opportunities of
Al with thoughtful safeguards, ChatGPT can become a valuable tool for enhancing mathematics education,
fostering inclusive learning experiences, and supporting student growth in both traditional and online

environments.

Recommendations

To fully harness the benefits of ChatGPT in mathematics education, educational institutions may develop training
programs for both teachers and students. Teachers need to receive guidance on integrating ChatGPT into their
instructional strategies to complement, rather than replace, traditional teaching methods. Students also need to
learn how to use ChatGPT effectively for independent learning and problem-solving while avoiding over-reliance
on the tool. This dual approach will promote deeper engagement, foster self-directed learning, and enhance

students’ critical thinking skills.

Addressing concerns about algorithmic bias, privacy, and security requires robust safeguards. Developers and
educators need to work together to continuously audit ChatGPT’s responses to identify and correct biases that
could impact the learning experience. Schools may also implement strong data governance policies, ensuring
compliance with privacy regulations. Transparent data usage policies and encryption practices are essential to

protect students’ personal information and maintain trust in AI-powered tools within educational settings.

Collaboration among educators, developers, and policymakers is crucial to establish ethical guidelines for the use
of ChatGPT in education. Schools and universities may form advisory committees to monitor the tool’s impact,
address ethical concerns, and ensure accountability. Additionally, informed consent protocols and professional
development programs can help educators stay updated on best practices. This collaborative effort will ensure the
responsible use of ChatGPT, creating a balanced and ethical learning environment that leverages the advantages

of Al while safeguarding student well-being and equity.
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