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ABSTRACT

The integration of Artificial Intelligence (AI) into mathematics education has evolved from experimental
innovation to a transformative force. Yet, the specific alignment between Al technologies and distinct strands
of mathematical proficiency remains fragmented. This systematic literature review aims to synthesize current
trends, methodological approaches, and the efficacy of Al tools in enhancing mathematical skills. In
accordance with PRISMA guidelines, 10 empirical studies published between 2020 and 2025 were selected from
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the Scopus database. The analysis reveals that the field is a nascent research domain, with a surge in
publications from 2023 to 2024. Methodologically, qualitative inquiries (50%) and quantitative studies (40%)
predominate, focusing on higher education students and pre-service teachers, indicating a significant gap in K-
12 settings and mixed-method designs. The findings highlight that Chatbots(25%) and Intelligent Tutoring
Systems (16.67%) are the most implemented technologies, with Generative Al tools like ChatGPT and
MathGPT serving as primary catalysts for enhancing problem-solving skills and conceptual understanding.
However, the review identified a critical lack of discussion of ethics and teacher roles (4.17%), suggesting a
techno-centric bias in the current literature. While Al offers promising avenues for personalized scaffolding
and democratized tutoring, challenges remain regarding accuracy and student overreliance. This study
concludes that future research must pivot towards longitudinal, mixed-method studies and the development of
Al literacy programs to ensure ethical and effective integration.”

KEYWORDS: Artificial Intelligence, Mathematics Education, Mathematical Skills.
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1. INTRODUCTION

Mathematics is a foundational discipline that
shapes not only specific innovations but also the
practical aspects of modern society, including
engineering, finance, technology, and everyday
decision-making (Yadav, 2019). The logical structure
of mathematics fosters critical thinking, problem-
solving abilities, and analytical reasoning, which are
necessary for personal and societal advancement
(Simonovic et al., 2023). As society becomes more
complex, the relevance of mathematics education in
empowering individuals to engage with and solve
real-world problems continues to grow (Thanheiser,
2023; Lee et al., 2023).

To navigate this complexity, learners must master a
broad spectrum of mathematical skills, ranging from
number sense, arithmetic, and algebraic thinking to
logical reasoning, spatial understanding, measurement,
data analysis, and problem-solving (Dreyfus et al.,
2018). These skills develop progressively and align with
the core components of mathematical proficiency:
conceptual understanding, procedural fluency,
strategic competence, adaptive reasoning, and
productive disposition (Kilpatrick et al., 2001). Mastery
of these elements is central to the core competencies
needed for success in school and beyond, enabling
learners to interpret mathematical information
effectively and apply appropriate strategies across
diverse contexts (Oco et al., 2023).

However, achieving such competence requires a
pedagogical approach that goes beyond mere
conceptual and procedural knowledge; it demands
the ability to select and implement effective
strategies. In this context, the integration of Al in
education has rapidly progressed from experimental
innovation to a transformative force reshaping
teaching and learning (Chen et al., 2020). Historically,
Al and education have been inextricably intertwined
since the 1940s (Mishra et al., 2025). Early pioneers
like Newell and Simon (1972) explored fundamental
questions about the mechanisms of mental
processing and the nature of learning, laying the
groundwork for linking cognitive science to
educational applications (Hoadley, 2018; Pea, 2016;
Doroudi, 2023). Building on these cognitive
foundations, modern AI tools have evolved into
sophisticated systems capable of addressing
educational problems.

Al technologies in mathematics education
primarily include Intelligent Tutoring Systems (ITS),
Generative Al (GenAl) tools such as ChatGPT and
ErnieBot, and Adaptive Learning Systems (ALS)
such as Khan Academy. Each technological category

presents specific pedagogical benefits. GenAl holds
the promise of personalized learning and
administrative automation, while ALS utilizes
algorithms to assess student progress and tailor
instructions to specific learning needs (Alabdulaziz,
2021; Mishra et al., 2025; Orlando & Attard, 2016;
Shin, 2022; Wu et al, 2023; Zhao et al, 2025).
Essentially, implementing Al in education involves
integrating diverse tools into the learning process to
provide tailored feedback and address individual
learning gaps (Egunjobi & Adeyeye, 2024).

Recent empirical studies highlight the potential of
these innovations. Al-driven systems provide
scalable solutions for diverse educational needs,
enhancing students' conceptual understanding,
engagement, and proficiency (Liu et al., 2025).
Specifically, Al tools have been shown to advance
problem-solving skills and improve overall learning
outcomes by offering individualized feedback
(Alvarez, 2024; Hwang & Tu, 2021; Marta et al., 2023;
Popenici & Kerr, 2017; Vaerenbergh & Pérez-Suay,
2022). Furthermore, GenAl tools are particularly
noted for making abstract ideas more accessible,
thereby deepening conceptual understanding (Cotic¢
et al,, 2024; Zhao et al., 2025). Despite the growing
body of research, the literature on the use of Al in
mathematics education remains fragmented, with
inconsistent findings regarding which specific Al
tools most effectively enhance particular
mathematical skills. Although numerous studies
indicate that Al contributes to students'
mathematical competencies, a comprehensive
synthesis explaining how different types of Al
Influence  distinct strands of mathematical
proficiency is still lacking. Accordingly, this study
seeks to address this gap by systematically
synthesizing relevant literature to provide an
integrated understanding of how Al is implemented
to enhance students’ mathematical skills. To
accomplish this objective, the study examines the
current trends and characteristics of research on Al
use in mathematics learning, identifies the specific

mathematical skills improved through Al
implementation, and analyzes the types of Al
technologies employed, explores how Al is
implemented within educational settings for

mathematics instruction, evaluates the associated
benefits and challenges, and outlines potential
directions for future research in Al-supported
mathematics education.

2. METHOD

The primary objective of this study is to provide a
comprehensive analysis of Al implementation to
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enhance mathematical skills in mathematics
education through a systematic literature review.
According to Petticrew and Roberts (2006), a
systematic literature review is essential for
synthesizing large volumes of data to evaluate the
effectiveness of educational interventions and to
highlight existing research gaps. The review process
was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guidelines to ensure
transparency, rigor, and reproducibility (Page et al.,
2021). The methodology encompasses five distinct
phases: (1) protocol development, (2) literature
search strategy, (3) eligibility criteria definition, (4)
study selection and quality assessment, and (5) data
extraction and synthesis.

2.1 Data Sources and Search Strategy

To capture a comprehensive range of relevant
studies, a systematic search was conducted across the
Scopus database. The Scopus database was selected
for its high impact factor and extensive coverage of
educational technology literature. The search
strategy utilized a combination of keywords related
to three main constructs: (1) Al, (2) Mathematics

Education, and (3) Mathematical Skills. Boolean
operators (AND, OR) were employed to refine the
search results. The search string used was adapted
for each database's syntax. The general search string
was formulated as follows:

TITLE-ABS-KEY (("artificial intelligence" OR "AI"
OR "AITOOL" OR "AI APP" OR "AI Application" OR
"Al  Implementation") AND  ("Mathematics
Education") AND ("Problem-Solving" OR "Problem
Solving") OR ("Critical Thinking") OR ("Creative
Thinking") OR ("Reasoning") OR ("Understanding")
OR ("analysis" OR "Analyze") OR ("Representation")
OR ("Argumentation") OR ("HOTS" OR "Higher
Order Thinking Skills") OR ("Communication") OR
("Conceptual")) AND PUBYEAR > 2020 AND
PUBYEAR < 2025.

The literature search was limited to studies
published between 2020 and 2025 to ensure the
inclusion of the most recent technological
advancements, particularly the emergence of GenAl

2.2 Eligibility Criteria

To ensure the relevance and quality of the
included studies, specific inclusion and exclusion
criteria are established as detailed in Table 1.

Table 1: Inclusion and Exclusion Criteria.

Criterion Inclusion Criteria Exclusion Criteria
Availability Open access/ full text available Restricted access/ abstract only/ full text unavailable
Document Empirical research articles (quantitative, qualitative, and Review articles, book chapters, conference articles,
Type mixed methods) bibliometrics articles, editorials
Language English Non-English
Intervention Implementation of Al tools Non-Al digital tools
Outcome Measurement of mathematical skills, proficiency, or Focus solely on attitudes or perceptions, without
cognitive learning outcomes assessing skills

2.3 Study Selection Process

The selection process was conducted following
the PRISMA guidelines. A total of 101 records were
initially identified from the Scopus database. The

Reconds identified from:
Scopus (n= 101}

Identification

complete flow of

the selection process, including the number of
records excluded at each stage, is documented in the
PRISMA flow diagram as shown in Figure 1.

Records screened

Screening

(n=40)

Full text eligible

(n=10)

Eligibility

Records of included
studies
(n=10)

2
2

Recotds excluded

fn=01)

Reason excluded:

Closexd access

Records excluded

(n=30)

Reason excluded:

Reason 1: (n = 4; Bibliometrie anicle,
reviews articles)

Reason 2: {n = 14; Non-empirical
studies)

Reason 3z {n = 12; Not related to
studies)

Figure 1: PRISMA Flow Diagram.
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In the preliminary phase, 61 records were initially
identified from the Scopus database. In the
preliminary phase, 61 records were excluded due to
closed access, leaving 40 records to be screened.
These remaining records underwent a rigorous
assessment against the inclusion criteria. During this
stage, 30 records were excluded for specific reasons:
14 studies were excluded as they did not present
primary data or employ empirical research
approaches; 12 studies were removed because they
did not utilize Al in the intervention or did not
examine the application of Al in enhancing
mathematical skills; and 4 studies were identified as
bibliometric or review articles. Consequently, 10 full-
text articles satisfied all eligibility criteria and were
included in the final review.

2.4 Quality Assessment

To ensure the methodological rigor of the

underwent a quality assessment. The Mixed Methods
Appraisal Tool (MMAT)

version 201 was utilized (Hong et al., 2018). The
MMAT is designed to appraise the quality of
empirical studies, including qualitative, quantitative,
and mixed-methods research, making it suitable for
the diverse methodologies anticipated in this review.
Studies were evaluated based on criteria such as the
clarity of research questions, the appropriateness of
data collection, and the rigor of analysis.

2.5 Data Extraction and Synthesis

Data from the selected studies were extracted
using a structured Data Extraction Form developed
specifically for this review. To ensure consistency,
the extraction protocol was pilot-tested on a random
sample of 5 papers before full implementation. The
extracted data items were mapped directly to the
research questions and the analysis methods, as

synthesized findings, the included studies detailed in Table 2.
Table 2: Data Extraction Protocol and Analysis Mapping.

Data Category Specific Items Extracted Relevant RQ Analysis Method
Study Characteristics | Author(s), year of publication, participants type RQ1 Descriptive statistics
Methodology Research design (quantitative, qualitative, mixed) RQ1 Descriptive statistics
Targeted Skills Specific mathematical domains and proficiency strands RQ2 Thematic analysis
Al Intervention Type of technology (ITS, GenAl, ALS), name of the tool RQ3 Content analysis
Implementation . .
Context Role of Al, pedagogical strategy used RQ4 Content analysis

. Reported benefits, challenges and limitations, statistical outcomes . .
Key Findings (for quantitative studies), qualitative themes RQ5 Thematic synthesis
Future Directions Recommendations for future research, identified gaps RQ6 Narrative synthesis

Aligning with the data extraction methods, a
mixed-methods synthesis approach was adopted.
Quantitative data, such as publication trends and
methodological distribution (RQ1), were analyzed
using descriptive statistics (frequencies and
percentages). Qualitative data regarding Al types,
mathematical skills, and implementation strategies
(RQ2-RQ6) were analyzed using thematic analysis.
This involved coding the extracted text, grouping
codes into descriptive themes, and interpreting these
themes to generate answers to the research questions.

3. RESULTS AND DISCUSSION

3.1 Current Trends and Characteristics in
Studies on Al Tools for Enhancing Students'
Mathematical Skills

3.1.1 Publication Trends

Analyzing the temporal distribution of research is
essential for identifying emerging trends and assessing
the maturity of a specific domain. It helps researchers
understand the trajectory of technological interaction
and anticipate future educational shifts. Although the

search scope encompassed 2020-2025, the eligible
documents were identified exclusively within 2023-
2024. It has been found that the majority of studies (70%;
n=7) were published in 2024, with the remaining 30%
(n=3) published in 2023. Therefore, Figure 2 presents
the annual distribution of selected publications to
illustrate this recent surge. In this context, the recent
surge in studies indicates that integrating Al to enhance
students' mathematical skills is a nascent research trend
that has only recently gained significant momentum.

7 @%\%

. y

KXA

v 5 N
§ \\,
o 4 N\
(]
S %a%
g 3 .
4
o

2

-

0

2023 2024

Year

Figure 2: Temporal Distribution of Selected Studies.
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3.1.2 Research Methods

The choice of research methodology reflects how
scholars currently approach the complexities of
integrating Al into mathematics education. Figure 3
illustrates the distribution of research methods utilized
in the selected studies. The analysis reveals that
qualitative methods are the predominant approach,
accounting for 50% of the studies. This dominance
suggests that the current research landscape prioritizes
exploring how students interact with Al tools, their
perceptions, and the pedagogical nuances of explaining
mathematical concepts through dialogue. Researchers
appear focus on understanding the nature of Human-
Al interaction rather than merely measuring output.

Mixed-Method
10%

Quantitative
40%

Qualitative
50%

Figure 3: Distributions of Research Methodologies
Utilized in the Reviewed Studies.

On the other hand, quantitative methods constitute
40% of the research. This significant portion indicates a
parallel interest in empirically validating the efficacy of
Al tools through measurable outcomes, such as pretest
and posttest scores on mathematical proficiency.
However, mixed-method approaches remain the least
utilized, accounting for only 10% of the studies. This
scarcity highlights a potential methodological gap.
While qualitative studies provide depth and
quantitative studies provide breadth, the limited use of
mixed-method designs suggests that few studies are
currently triangulating statistical data with contextual
insights to provide a holistic view. Future research
would benefit from using mixed-methods designs to
more robustly validate statistical gains in relation to
student experiences.

3.1.3 Participant Type

Analyzing the target population is crucial for
understanding the context in which Al interventions are
being tested. As illustrated in Figure 4, the distribution of
participant types reveals a concentration of research
within the tertiary education sector. Students in Higher
Education and Pre-Service Teachers emerged as the most
frequently investigated groups, each represented in 3
studies (30% each). This focus on university-level
participants  (Higher Education and Pre-Service
Teachers) mirrors trends in educational technology
research, where convenience sampling plays a vital role.

University ~researchers have easier access to
undergraduate students and teacher candidates than to
K-12 classrooms. Furthermore, focusing on Pre-Service
and Teachers aligns with the findings of Listiaji and
Molnér (2025), who noted that integrating computational
tools at this stage is strategic for preparing future
educators before they enter the workforce.

3,0
2,5
2,0

1,5

Number of Studies

1,0

Participant Type

Figure 4: Classification of Study Participants.

In contrast, research involving high school
students and in-service teachers is limited, with only
1 study identified for each group. Additionally, a
notable portion of studies (n = 2) did not explicitly
specify the participant type. The underrepresentation
of K-12 students suggests a lack of empirical evidence
on how Al tools function in actual school settings
with younger learners. While higher education
students may possess the digital literacy to navigate
Al tools like ChatGPT effectively, younger students
may require different pedagogical scaffolds.
Therefore, future research should prioritize
conducting empirical studies directly in K-12
classrooms and in-service teachers to ensure that Al
integration strategies are ecologically valid for school
environments.

3.2 Specific Mathematical Skills Enhanced
through Al Implementation

Others
21.4%

Problem Solving
28.6%

Geometric Reasoning
71%

Geometric Discovery
71%

Computational Thinking (7.1%) Conceptual Understanding

Critical Thinking 14.3%

7.1%
Mathematics Comprehension

(7.1%)
Figure 5: Distribution of Mathematical Skills
Targeted by Al Interventions.
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As illustrated in Figure 5, the scope
ofmathematical skills investigated in the selected
studies remains relatively concentrated. The analysis
identified specific proficiencies, including critical
thinking, problem-solving, computational thinking,
comprehension, and geometric reasoning. Among
the mathematical skills mentioned, problem-solving
skills emerged as the most frequently examined
competency, followed by conceptual understanding.
Several studies adopted a multi-dimensional
approach, targeting more than one skill
simultaneously. For instance, Alvarez (2024)
demonstrated that Al-powered tutors, such as
MathGPT and Flexi 2.0, significantly enhanced
students' problem-solving abilities and
comprehension in Calculus. Similarly, Wardat et al.
(2023) examined stakeholders' perspectives on the
utility of ChatGPT in improving these same two
domains. In geometry, Botana et al. (2024)
investigated the use of ChatGPT for automated
geometric reasoning and discovery.

Beyond core mathematical proficiencies, the
literature also addresses broader competencies and
affective dimensions associated with Al integration.
Bagno et al. (2024) used ChatGPT in linear algebra
instruction not only to develop subject-matter

expertise but also to foster critical thinking and
curiosity. Furthermore, Moral-Sdnchez et al. (2023)
examined the role of Al chatbots in enhancing digital
competence, while Li (2024) shifted the focus to
pedagogical enablers, exploring mathematics
teachers' self-efficacy in technology integration.
Collectively, these findings indicate that while Al
implementation is growing, the distribution of
mathematical skills measured in current studies
remains relatively uniform, with a strong emphasis
on problem-solving and conceptual understanding.

3.3 Types of Al Technologies Utilized to
Enhance Mathematics Skills

Analyzing the alignment between specific Al
technologies and targeted mathematical skills is
essential for understanding the pedagogical utility of
each tool. Table 3 presents a synthesis of the included
studies, categorizing how distinct Al types, ranging
from large language models to specialized discovery
engines, are deployed to enhance specific cognitive
and affective competencies. The analysis reveals a
clear trend, while Generative Al (GenAl) serves as a
versatile tool for broad conceptual understanding,
specialized tools are often reserved for domain-
specific reasoning, such as geometry.

Table 3: Mapping of Al Technologies and Targeted Mathematical Skills.

Types of AI Mathematical Skills Author
(Alvarez, 2024; Bagno et al., 2024; Botana et
ChatGPT Conceptual Understanding, Geometric Reasoning and al., 2024; Getenet, 2024; Torres-Pefia et al.,
Discovery, Problem-Solving, Critical Thinking 2024; Wardat et al., 2023; Yunianto et al.,
2024)
Chatbot Problem-Solving, Digital Competence gg;s,c)arlk etal,, 2023; Moral-Sanchez et al,
MathGPT Mathematlc?cll Comprehension, Problem-Solving, Conceptual (Alvarez, 2024; Torres-Pefia et al., 2024)
Understanding
G?oGebra Geometric Reasoning and Discovery (Botana et al., 2024)
Discovery
Gemini, Wolfram . . -
Alpha, Flexi 2.0 Conceptual Understanding (Alvarez, 2024; Torres-Pefia et al., 2024)
Others Self-Efficacy for Technology Integration (Li, 2024)

3.3.1 Generative Al as a Catalyst for Conceptual and
Problem-Solving Skills

The findings indicate that GenAl tools,
specifically ChatGPT, MathGPT, Gemini, and Flexi
2.0, are predominantly utilized to foster conceptual
understanding and problem-solving skills (Alvarez,
2024; Bagno et al., 2024; Torres-Pefia et al., 2024;
Yunianto et al., 2024). As noted in the analysis,
ChatGPT and MathGPT are frequently associated
with enhancing mathematical comprehension and
critical thinking (Alvarez, 2024; Torres-Pefia et al.,
2024; Wardat et al., 2023). The reviewed research
indicates that educators are leveraging GenAl's

natural language processing capabilities to demystify
complex mathematical concepts.

Unlike traditional calculators that provide only
the final answer, these tools offer step-by-step
explanations, functioning as personalized tutors that
help students bridge the gap between procedural
steps and deep conceptual grasp. For instance,
Alvarez (2024) highlighted the role of MathGPT in
improving calculus comprehension, illustrating how
Al can transform abstract symbolic manipulation
into understandable logic. This aligns with the
adaptive reasoning strand of mathematical
proficiency, in which students learn to justify and
explain their thinking.
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3.3.2 Specialized Tools for Geometric Reasoning
and Discovery

In the Geometry domain, the landscape of Al
implementation becomes more specialized. The data
shows that GeoGebra Discovery and specific
applications of ChatGPT are utilized to enhance
Geometric Reasoning and Discovery (Botana et al.,
2024; Getenet, 2024). This finding highlights a distinct
pedagogical need in geometry education: the
necessity for visualization and logical deduction.
Text-based GenAl, such as ChatGPT, supports
reasoning by generating proofs or describing
properties. Tools like GeoGebra Discovery provide
the dynamic visual environment needed to discover
formulas and concepts in Geometry (Botana et al.,
2024). The combination of these tools suggests a
hybrid approach in which Al supports both visual-
spatial exploration and the logical-linguistic
articulation required to master geometry. This
indicates that, in highly visual mathematical
domains, general-purpose Al is often supplemented
by or integrated into domain-specific software to
achieve optimal results.

3.3.3 Expanding Beyond Cognition:
Competence and Self-Efficacy

Digital

Beyond cognitive mathematical skills, the analysis
reveals that Al tools are also instrumental in
developing transversal competencies. As shown in
Table 3, Chatbots and other Al tools are linked to
enhanced digital competence and self-efficacy in
technology integration (Jancatik et al., 2023; Li, 2024;
Moral-Sanchez et al., 2023). As Al is not merely a
subject-learning tool but an enabler and boundary for
21st-century skills, these findings are a necessary
insight. The focus on self-efficacy implies that
successful interaction with Al tools can boost
students' confidence not only in mathematics but also
in their ability to navigate the technological
environment (Li, 2024). This resonates with the
productive disposition strand of mathematical
proficiency (Kilpatrick et al., 2001), in which students
perceive mathematics as sensible and useful, and
they believe in their ability to solve problems using
modern tools. Therefore, the implementation of Al
serves a dual purpose: reinforcing mathematical
content knowledge while simultaneously building
the digital resilience required in the modern era.

3.4 The Use of Al to Support Mathematics
Instruction in Education

As depicted in Figure 6, the thematic analysis
categorized Al implementation into seven distinct
pedagogical domains. Chatbots emerged as the

predominant application, constituting 25% of the
analyzed studies. This prevalence indicates a
significant shift towards interactive, dialogue-based
learning environments where Al functions as a
conversational agent. Following this, Intelligent
Tutoring Systems and Problem-solving and
Reasoning Support each accounted for 16.67% of the
distribution. These findings underscore the role of Al
in delivering adaptive instruction and cognitive
scaffolding to support complex mathematical tasks.

ITs I ] 16.67%

Teaching Assistant ] 12.50%

Automated Assessment .
& Evaluation ] 12.50%

Problem-solving &

Reasoning support [ ] 16.67%

Visulization & Dynamic
Geometry Integration

l 12.50%

Chatbot

Role Discussion D 4.17%

Figure 6: Thematic Categorization of Al
Implementation Roles in Mathematics Education.

‘ 25.00%

Furthermore, three categories, such as Teaching
Assistant, Automated Assessment and Evaluation,
and Visualisation and Dynamic Geometry
Integration, represented 12.50% per each of the
studies. This reflects the diverse utility of Al, ranging
from instructional support and automated grading to
the visual representation of abstract mathematical
concepts. Conversely, the theme of Role Discussion
appeared least frequently (4.17%), suggesting that
theoretical discourse on the ethical and policy-level
implications of Al integration remains limited
relative to empirical applications.

3.4.1 The Shift from Static Tools to Interactive
Partners

The findings reveal a clear trajectory in the
evolution of Al in mathematics education. The
dominance of Chatbots (25%) and ITS (16.67%)
suggests that the pedagogical paradigm is shifting
from viewing technology as a passive tool to
embracing it as an interactive learning partner. This
trend aligns with the rapid advancement of GenAl,
which has democratized access to conversational
tutoring. Unlike traditional software that offers static
responses, these Al agents provide personalized,
step-by-step feedback, thereby mimicking the role of
a human tutor. This is particularly crucial in
mathematics education, where immediate feedback
on problem-solving processes is essential for
misconceptions (Alvarez, 2024; Torres-Pena et al.,
2024).
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3.4.2 Bridging the Gap in Visualization and
Assessment

The moderate distribution of visualization (12.5%)
and automated assessment (12.5%) highlights Al’s
expanding role in addressing specific challenges in
mathematics. The use of Al for dynamic geometry
integration suggests that educators are leveraging
technology to make abstract spatial concepts more
concrete, a core component of mathematical
proficiency (Yunianto et al., 2024). Meanwhile, the
implementation of Al as a Teaching Assistant and for
assessment demonstrates a move towards
operational efficiency, freeing educators from
repetitive grading tasks so they can focus on
instructional strategy (Moral-Sanchez et al., 2023).

3.4.3 The Critical Gap in Ethical and Role Discourse

A significant finding is the underrepresentation of
Role Discussion (4.17%). The scarcity of studies
focusing on the ethical implications, policy
frameworks, and the changing role of teachers
suggests a potential gap in the current research
landscape. While the field is heavily focused on
technical implementation and efficacy, there is a lag
in critically examining the broader consequences of
Al adoption. This indicates a critical need for future
research to balance empirical trials with theoretical
inquiries into how Al redefines the teacher-student
dynamic and the ethical boundaries of automated
tutoring in mathematics classrooms (Alvarez, 2024;
Bagno et al., 2024).

3.5 Benefits and Challenges Associated with Al
Implementation in Enhancing Mathematics
Skills

Findings from this study reveal a clear dichotomy
in the integration of Al tools, such as MathGPT, Flexi
2.0, and various large language models Chatbots, for
enhancing mathematical skills. On one hand, the
findings overwhelmingly support the benefits of Al
primarily through its capacity for personalization
and adaptive learning. Students using Al tutors
demonstrate significant improvements in problem-
solving and advanced cognitive abilities compared to
conventional instruction, benefiting from immediate
feedback and a learning environment tailored to their
individual needs (Alvarez, 2024; Jancatik et al., 2023;
Torres-Pefia et al., 2024). Furthermore, Al can play a
powerful pedagogical role by supporting the
development of Computational thinking skills,
including programming and debugging, when
paired with tools such as GeoGebra (Botana et al.,
2024). The dynamic and adaptive nature of Al also
substantially boosts students' engagement and

motivation, offering uninterrupted support that
facilitates mitigating educational inequalities by
increasing access to private supplementary tutoring
(Jancatik et al., 2023; Torres-Pena et al., 2024). On the
other hand, several critical challenges temper this
optimism, necessitating cautious implementation. A
major limitation is the inherent deficiencies of current
Al models, which often fail at logical inference and
make significant errors in advanced topics such as
linear algebra and geometry, as they rely more on
statistical patterns than on genuine mathematical
understanding (Botana et al., 2024; Getenet, 2024; Li,
2024). This lack of deep conceptual understanding
means that Al cannot effectively correct students'
misconceptions, raising concerns about the accuracy
and reliability of its outputs (Getenet, 2024). The most
pervasive challenge in implementing Al in
mathematics education centres on pedagogical
integrity and student overreliance. Studies highlight
the potential for Al to impact the development of
critical thinking negatively, as students may
passively receive Al-generated responses rather than
actively engage in the learning process (Alvarez,
2024; Botana et al.,, 2024; Torres-Pefia et al., 2024)
Pragmatic  obstacles also exist, including
organizational issues, the need for rigorous
implementation criteria, and the necessity fir training
students and staff to ethically and effectively use
these tools (Alvarez, 2024; Li, 2024). Therefore, Al is
a powerful augmentative tool, but not a replacement
for human educators (Alvarez, 2024; Jancartik et al.,
2023). Successful integration demands a shift in
teaching practice, moving the educators' role from
content delivery to the critical evaluation and
justification of Al-generated results (Alvarez, 2024;
Bagno et al., 2024). The successful implementation of
Al in mathematics education hinges on designing
structured learning activities that explicitly address
the risks of overreliance and academic dishonesty,
ensuring that ethical considerations and teacher
oversight are paramount for maximizing Al's
advantages while mitigating its significant
challenges.

3.6 Future Research Directions for Al
Implementation in Mathematics Education

several
research,

identifies
future

The reviewed literature
emerging  directions  for
encompassing pedagogical integration,
methodological improvement, technological
collaboration, teacher capacity building, cross-
cultural investigation, human-Al collaboration,
critical evaluation of challenges, and the broader
generalization of contextual findings. From a
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pedagogical perspective, Alvarez (2024) emphasized
the importance of prioritizing the integration of Al
tutors, such as MathGPT and Flexi, into instructional
methodologies rather than focusing solely on
individual Al tools. This shift highlights the role of
Al in complementing conventional teaching
approaches, particularly in domains that require
complex problem-solving skills. Similarly, Gatenet
(2024) argued that teachers should develop sufficient
Al literacy to effectively incorporate conversational
Al such as ChatGPT, as a multipurpose learning
support tool that extends beyond algebraic problem-
solving. Methodologically, Torres-Pefa et al. (2024)
proposed the need for longitudinal research designs
to evaluate the sustained impact of Al
implementation on students” learning outcomes and
to assess the scalability of Al integration across
diverse educational contexts. Wardat et al. (2023)
further underscored the value of longitudinal and
multilingual approaches to capture broader patterns
of Al adoption beyond early users, while also
recommending expanded participant samples and
the integration of qualitative and quantitative
methods to enhance the generalizability of findings.
In terms of technological development, Botana et al.
(2024) highlighted the potential of collaboration

between  conversational Al  systems and
computational ~mathematics tools. Specifically,
integrating chatbots such as ChatGPT with

GeoGebra Discovery in Euclidean geometry could
enable logical verification of Al-generated proofs, the
issuance of proof certificates, and cross-validation
across multiple computational environments,
thereby strengthening the rigour and transparency of
Al-assisted mathematical reasoning. Teacher
capacity building also emerged as a critical research
direction. Li (2024) and Yunianto et al. (2024)
emphasized the need for continuous professional
development and structured Al literacy training for
educators. Recommendations include periodic
updates to the curriculum and assessments to remain
aligned with rapid Al advancements, and the
integration of Al literacy and data-driven pedagogy
within  technological ~ pedagogical  content
Knowledge. framework; the development of prompt
engineering literacy; the enhancement of GeoGebra
competencies; and the systematic validation of Al-
generated outputs as part of teachers’ professional
growth. Beyond individual classrooms, Li (2024)
proposed cross-cultural and multi-level educational
investigations to evaluate the universality and
contextual variability of Al-supported learning
models across educational systems and cultural
settings. Such studies would help identify how

sociocultural factors influence Al adoption and
effectiveness in mathematics education. Future
research is also expected to explore human-Al
collaborative tutoring models. Wardat et al. (2023)
suggested examining how human tutors and
conversational Al can function synergistically to
achieve learning objectives, whereas Jancaiik et al.
(2023) emphasized the potential of Al to provide
accessible and cost-free tutoring while supporting
the design of adaptive problem sets that enhance
course effectiveness. At the same time, critical
examination of challenges and potential negative
impacts remains essential. Bagno et al. (2024) warned
that current implementations of ChatGPT in
mathematics education remain limited and may lead
to adverse outcomes when applied without sufficient
pedagogical oversight, highlighting risks such as
misinformation, excessive reliance on Al, and ethical
concerns in learning environments. Finally, Moral-
Sanchez et al. (2023) recommended extending
contextual findings to broader populations and
educational  settings and refining research
instruments through expert validation to ensure
accuracy, relevance, and adaptability in rapidly
evolving technological landscapes. Collectively,
these directions underscore the need for integrative,
methodologically rigorous, and context-sensitive
research to advance the effective and responsible
implementation of Al in mathematics education.

4. LIMITATIONS, IMPLICATIONS, AND
FUTURE DIRECTIONS

The results of this review should be interpreted
within the context of its limitations. The Scopus
database's  restrictions and English-language
publication requirements may have excluded
relevant studies from other indices or regions.
Additionally, the rigorous inclusion criteria resulted
in a small final sample size (n = 10), which means that
while ensuring quality, it limits the generalizability
of the findings to broader educational contexts.The
integration of Al in mathematics education holds
transformative potential but demands a cautious
approach. For educators, the implication is clear: Al
should function as an augmentative tool rather than
a replacement. Future research must pivot from
exploring what Al can do to investigating how it
should be regulated and integrated into K-12
classrooms. Priority should be given to longitudinal
mixed-methods studies that evaluate the long-term
impact of Al on critical thinking, and to the
development of Al literacy programs that empower
teachers to navigate the ethical complexities of
human-AlI collaboration.
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5. CONCLUSION

This systematic literature review synthesized
empirical evidence from 2020 to 2025 on the
implementation of Al to enhance mathematical skills.
The analysis of 10 selected studies, predominantly
published during 2023 to 2024, confirms that the
integration of Al in mathematics education is a nascent
yet rapidly accelerating research domain. The review
highlights a significant paradigm shift from static
technological tools to interactive learning partners,
with Chatbots and Intelligent Tutoring Systems
accounting for most implementations. The findings
reveal that Generative Al tools, particularly ChatGPT
and MathGPT are the most utilized technologies,
serving as catalysts for enhancing problem-solving
skills and conceptual understanding. These tools are
lauded for their ability to provide personalized, step-
by-step scaffolding, democratizing access to tutoring.
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