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Abstract

The integration of Artificial Intelligence (Al) in higher education has evolved
significantly, presenting notable opportunities for mathematics education. This
systematic literature review aims to answer the question: What are the current
trends, benefits, challenges, and future directions in the application of AI within
higher education mathematics education? Focusing on peer-reviewed articles
from 2010 to 2023, the review applied selection criteria centered on relevance,
methodological rigor, and educational impact. Key findings reveal that Al
technologies offer potential enhancements in personalized learning, real-time
feedback, and data-driven decision-making, promoting a more engaging and
efficient learning environment. However, the review also highlights the
importance of addressing ethical considerations, ensuring data privacy, and
providing sufficient educator training to harness Al's potential fully. By bridging
the knowledge gap regarding Al integration and pedagogical efficacy, this
analysis aims to inform educators, policymakers, and researchers, ultimately
supporting advancements in teaching practices and student achievement in

higher education mathematics.
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1. Introduction

The rapid advancement of Artificial Intelligence (Al) has ushered in a
education, particularly in the realm of mathematics, Al technologies are

increasingly being utilized to enhance teaching and learning experiences
[1].

Al technologies such as intelligent tutoring systems (ITS), machine
learning algorithms, adaptive learning platforms, and automated assess-
ment systems are at the forefront of this educational revolution. Intelli-
gent tutoring systems, for instance, have shown promise in delivering
personalized instruction and immediate feedback, thereby improving
student engagement and performance [2]. These systems leverage ma-
chine learning to analyze student performance and adapt instructional
strategies in real-time, providing a tailored learning experience that meets
individual student needs [3].

Adaptive learning platforms similarly use Al to customize educational
content, ensuring that students receive material that is appropriate for their
current level of understanding. This approach not only fosters a more
efficient learning process but also helps in identifying and addressing
knowledge gaps [2]. Moreover, automated assessment systems streamline
the evaluation process by providing instant feedback on assignments and
exams, which is crucial for timely intervention and sup- port [7]
Through these advanced Al applications, higher education institutions can
create more interactive, efficient, and effective learning environments,
particularly in mathematics, where conceptual understanding and
problem-solving skills are paramount [5]. As Al continues to evolve, its
integration into educational practices is likely to become even more so-

phisticated, further revolutionizing the way we teach and learn.
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The integration of Al in mathematics education is particularly signifi-
cant given the subject's inherent complexity and the varied proficiency
levels of students entering higher education. Traditional teaching meth-
ods often struggle to meet the diverse needs of students in large class-
room settings, leading to gaps in understanding and achievement [6]. By
contrast, Al technologies offer scalable solutions that can provide indi-
vidualized support and enhance overall learning outcomes [7]. Despite the
promising potential of Al in education, its implementation is not without
challenges. Ethical considerations, such as data privacy and the
transparency of Al algorithms, are critical issues that need to be ad-
dressed to gain the trust of educators and students alike [8]. Additionally,
the effectiveness of Al tools is heavily dependent on the quality of data
they are trained on, raising concerns about bias and fairness in educa-
tional outcomes [9]. Furthermore, there is a pressing need for adequate
training and professional development for educators to effectively inte-
grate Al tools into their teaching practices [10].

This review systematically examines peer-reviewed articles published
between 2010 and 2023 to identify key trends, benefits, challenges, and
future directions for Al in mathematics education. By doing so, it aims to
inform educators, policymakers, and researchers about the current state
and potential future developments in this field. As the findings suggest,
"Al technologies can significantly enhance personalized learning, provide
real-time feedback, and support data-driven decision- making," but a
balanced approach addressing ethical, pedagogical, and technical

considerations is essential for their successful implementation [7].
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This review seeks to contribute to the body of knowledge on Al in
higher education, particularly in the context of mathematics, by address-
ing the following key questions: (1) How is Al currently being used in
mathematics teaching? (2) What are the benefits and challenges associ-
ated with Al adoption in this context? (3) How can faculty effectively

leverage Al to enhance student learning outcomes?

2. Technological Applications in Mathematics Education

Atrtificial Intelligence (AI) technologies have become integral to mod -
ern mathematics education, offering innovative solutions to enhance
teaching, and learning experiences. Among the most impactful Al appli-
cations in this field are Intelligent Tutoring Systems (ITS), adaptive
learning platforms, and automated assessment tools. Each of these tech-
nologies plays a crucial role in addressing the diverse needs of students
and improving educational outcomes.

Intelligent Tutoring Systems (ITS) are one of the most widely re-
searched and implemented Al technologies in mathematics education.
ITS provide personalized instruction by adapting to the individual learn-
ing styles and needs of students. These systems use machine learning
algorithms to analyse student performance and deliver customized feed -
back and problem sets. According to [2]. ITS have demonstrated signifi-
cant improvements in student engagement and performance by offering
real-time, tailored support that traditional classroom settings often lack.

Adaptive learning platforms are another key Al application, designed
to continuously assess and adjust the difficulty level of educational con

tent based on student performance. These platforms use complex algo-
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rithms to create personalized learning pathways that keep students chal
lenged yet not overwhelmed. [10]. highlight that adaptive learning sys-
tems can accommodate a wide range of learning paces and styles, ensur
ing that all students receive the appropriate level of difficulty and sup-
port. This personalization is particularly beneficial in large classrooms
where individual attention from instructors is limited.

Automated assessment tools further enhance mathematics education by
providing timely and consistent evaluations of student work. These tools
use Al to grade assignments, quizzes, and exams, offering immediate
feedback to students. [4] notes that automated assessments not only save
educators time but also ensure fairness and consistency in grading. This
allows educators to focus more on interactive and personalized teaching
methods rather than administrative tasks.

In the South African context, the implementation of these Al technol
ogies has shown promising results. [11] report that universities piloting
ITS and adaptive learning platforms have observed improved student
performance and engagement, particularly in foundational mathematics
courses. These technologies provide real-time feedback and personalized
support, which are crucial for addressing the challenges posed by large,
diverse student populations.

Despite the benefits, the integration of Al technologies in mathematics
education also presents challenges, including ethical concerns, data
privacy issues, and the need for adequate infrastructure and training. As
[12] point out, the success of Al applications heavily depends on the

quality of data and the transparency of Al algorithms. Therefore, ad-
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dressing these challenges is essential for the effective and ethical im-

plementation of Al in education.

3. Impact of Adaptive Learning on Student Engagement and

Performance in Higher Education

Adaptive learning (AL) has emerged as a transformative educational
technology, significantly impacting student engagement, learning out-
comes, and academic performance in higher education. By leveraging
sophisticated algorithms and data analytics, AL platforms customize
educational content to meet individual student needs, thereby fostering a
more personalized and effective learning environment. Adaptive learn-
ing platforms continuously analyse students' performance and adjust task
difficulty levels accordingly [13]. This approach ensures that students
remain challenged and motivated, catering to the varied learning paces
observed in South African classrooms [14]. Such platforms are particularly
useful in addressing the learning gaps exacerbated by socio- economic
disparities and varied educational backgrounds. [15] highlighted that
"adaptive learning technologies can provide a customized learning path
for each student, ensuring that no learner is left behind."

Several studies highlight the positive impact of AL on student en-
gagement. For instance, according to [10]. AL systems enhance student
engagement by providing tailored instructional content that aligns with
each learner's pace and understanding. This personalized approach keeps
students motivated and involved, reducing the likelihood of disengage-

ment and dropout. The influence of AL on learning outcomes is also
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well-documented. [2] demonstrated that intelligent tutoring systems, a
form of AL, significantly improve learning outcomes by delivering im-
mediate, personalized feedback and adjusting problem difficulty based on
student performance. This ensures that students are neither bored with
overly simple tasks nor overwhelmed by excessively challenging ones,
promoting a steady and effective learning progression. Further- more, AL
has been shown to positively affect academic performance. A study by [7]
found that students using AL platforms performed better in assessments
compared to those who did not use such technologies. The adaptive nature
of these platforms ensures that students receive the right level of challenge
and support, which is critical for mastering complex subjects.

In the South African context, [11], reported that AL tools have been
instrumental in addressing the diverse educational needs of students in
higher education. By providing real-time feedback and personalized
learning paths, AL systems help bridge the educational gaps in large,
heterogeneous classrooms, ultimately leading to improved academic

performance.

4. Pedagogical Approaches to Integrating Adaptive Learning
Technologies into Teaching Practices and Curricula

The integration of adaptive learning (AL) technologies into teaching

practices and curricula represents a significant shift in pedagogical ap-

proaches within higher education. AL technologies, which personalize

educational content based on individual student needs, have been in-
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creasingly adopted to enhance the effectiveness of teaching and learning.

One of the primary ways AL technologies are integrated into teaching
practices is through intelligent tutoring systems (ITS). These systems
offer personalized instruction and real-time feedback, adjusting to the
learning pace and style of each student. [2] highlights that ITS can trans-

form traditional teaching methods by providing a more tailored educa-
tional experience, thereby increasing student engagement, and under-
standing.

Moreover, adaptive learning platforms are being embedded within
curricula to facilitate differentiated instruction. These platforms contin-
uously analyse student performance data to adjust the difficulty and type
of content delivered. [10] discusses how such platforms enable educators
to create dynamic and flexible curricula that cater to the diverse learning
needs of students, ensuring that each student remains adequately chal-
lenged and motivated.

The integration of AL technologies also supports formative assess-
ment practices. Automated assessment systems, a component of many AL
platforms, provide consistent and timely feedback on student per-
formance. This allows educators to monitor progress and adjust instruc-
tion as needed, fostering a more responsive and effective teaching envi-
ronment. [4] notes that these systems can significantly reduce the grading
workload for instructors, allowing them to focus more on interactive and
personalized teaching strategies.

In the context of curriculum design, AL technologies facilitate the de-

velopment of competency-based learning models. These models empha-
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size mastery of specific skills and knowledge, with AL systems provid -
ing the scaffolding necessary for students to achieve competency at their
own pace. [7] highlight that such an approach not only improves learning
outcomes but also aligns with contemporary educational goals of per-
sonalized and student-centred learning.

In South Africa, the integration of AL technologies into higher educa-
tion curricula has shown promising results. [11] report that universities are
incorporating these technologies to address the diverse educational needs
of their student populations. By providing personalized learning
experiences and real-time feedback, AL technologies help to bridge the
gaps in traditional teaching methods, particularly in large and varied

classrooms.

5. Challenges and Barriers in Implementing Al in Higher Edu-
cation
Implementing artificial intelligence (AI) in higher education presents a
myriad of challenges and barriers, encompassing ethical concerns, data
privacy issues, and technical limitations. These factors collectively in-
fluence the effectiveness and acceptance of Al technologies in academic

settings.

One of the primary challenges in implementing Al in higher education
is ethical concerns. The deployment of Al systems often involves mak-
ing decisions that can significantly impact students' educational trajecto-
ries. [8] argues that the lack of transparency in Al decision-making pro-

cesses can lead to ethical dilemmas, where the rationale behind certain
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educational recommendations or assessments may be opaque to both
educators and students. This lack of clarity can undermine trust and raise

questions about the fairness and accountability of Al systems.

Data privacy is another critical issue that poses a significant barrier to
the adoption of Al in education. Al systems rely heavily on vast amounts
of personal data to function effectively, raising concerns about the
protection and security of this information. [12] highlight that the
collection, storage, and analysis of student data must comply with strin-
gent privacy regulations to prevent misuse and breaches. The potential for
data breaches or unauthorized access can deter institutions from fully
embracing Al technologies.

Technical limitations also hinder the widespread implementation of Al
in higher education. The effectiveness of Al tools depends largely on the
quality and quantity of data they are trained on. In many educational
settings, especially in developing regions, there is a scarcity of high-
quality, comprehensive datasets necessary for training robust AI models.
[7] point out that this data inadequacy can lead to biased or inaccurate
outcomes, further exacerbating existing educational inequalities.

Additionally, the integration of Al into educational practices requires
substantial infrastructure and technological support. Many institutions
face challenges related to the availability of adequate technological re-
sources and expertise. [16] emphasize the necessity for ongoing profes-
sional development and training for educators to effectively utilize Al

tools. Without proper training, educators may struggle to incorporate Al
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technologies into their teaching practices, limiting their potential bene-
fits.

In the South African context, these challenges are particularly pro-
nounced. [11] note that issues such as uneven access to technology, lack
of infrastructure, and varying levels of digital literacy among educators
and students further complicate the implementation of Al in education.
Addressing these barriers requires a concerted effort to improve techno-
logical infrastructure, provide comprehensive training programs, and

develop clear ethical guidelines for Al use in education.

6. Theoretical Framework and Model Informing AI Integration

in Mathematics Education
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Figure 1: UTAUT theory (Venkatesh et al. 2003)
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The current study is informed by Unified Theory of Acceptance and
Use of Technology (UTAUT) framework, developed by [17]. The UTAUT
is particularly suitable for guiding this study on Al integration in
mathematics education within higher education. UTAUT aims to ex- plain
user intentions to use an information system and subsequent usage
behaviour, providing a robust model for understanding the factors that
influence the acceptance and effective use of technology in educational
settings. The key components of UTAU, namely: performance expec-
tancy, effort expectancy, social influence, and facilitating conditions, are
integral to this investigation. Performance expectancy relates to the be-
lief that using Al tools will enhance learning outcomes, improve student
engagement, and facilitate personalized instruction. Effort expectancy
involves evaluating the user-friendliness of Al systems and the ease with
which educators and students can integrate these tools into their teaching
and learning processes. Social influence examines the impact of peer
opinions, institutional support, and societal norms on the acceptance and
use of Al in mathematics education. Facilitating conditions assess the
availability of resources, institutional policies, professional development
opportunities, and technical support necessary for the successful imple-
mentation of Al tools.

Applying UTAUT to the South African context can help identify spe-
cific factors influencing the acceptance and use of Al in mathematics
education, addressing challenges such as the digital divide, resource
constraints, and the need for culturally relevant educational content. By
focusing on performance expectancy, effort expectancy, social influ-

ence, and facilitating conditions, UTAUT provides a comprehensive
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model to understand the factors influencing technology acceptance and
use. This framework enables a thorough analysis of the opportunities and
challenges associated with Al in education, contributing valuable insights
and recommendations for educators, policymakers, and re- searchers in
the South African context. Tailoring Al tools to local needs, promoting
equity and access, and supporting professional development are essential
aspects that can be explored using UTAUT. The framework ensures that
Al technologies are inclusive, address socio-economic dis- parities, and
equip educators with the necessary skills and knowledge for effective
integration. UTAUT's focus on these critical areas makes it highly
suitable for guiding this study, providing a structured approach to

understanding and enhancing the use of Al in mathematics education.

7. Research Method

The search strategy for this systematic literature review was meticu-
lously designed using the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) [18]. guidelines to ensure a com-
prehensive and transparent collection of relevant studies on the applica-
tion of Al in mathematics education within higher education institutions
in Figure 2. PRISMA provides a structured approach for reporting sys-
tematic reviews and meta-analyses, enhancing the clarity and reproduci-
bility of the review process. By adhering to the PRISMA guidelines, this
systematic literature review ensures a rigorous and transparent approach
to identifying, selecting, and synthesizing relevant studies on the appli-
cation of Al in mathematics education within higher education. As [18]

state, PRISMA aims to "help authors improve the reporting of systemat-
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ic reviews and meta-analyses," contributing to the reliability and validity

of the review's findings and recommendations.

Records removed before screening:

Records identified from: Duplicate records removed
Databases (n=162) (N=12+5+5+ 7)=29
1. ERIC via EboscoHast = 43 . | Records marked as ineligible by
2. IEEE Xplore = 33 automation tools [N=0+0+17+4=21)
3.5copus =43 Records removed for other reasons
4. Google Scholar=43 (n=10+10+0+0)=20 wrong subjects

Records excluded

(n = 3) Reason 1 year of publication

Records screened | is outside of the limit of 10 years
(n=92) (n = 18) Reason 2 duplicate

(n =30) Reason 3 after blind

screening via Ryaan

Reports assessed for eligibility May be Reports excluded
(n = 41) final after reading Reason 1 (n =1)

A

Studies included in review
(n =40] FINAL

Figure 2: PRISMA flow diagram (Moher et al., 2009)

The search was conducted across several electronic databases, includ -
ing IEEE Xplore, Google Scholar, ERIC, and Scopus, focusing on peer-
reviewed articles published between January 2010 and March 2023.
Keywords and phrases such as "Artificial Intelligence," "Al," "Mathe-
matics Education," "Higher Education," "Intelligent Tutoring Systems,"
"Adaptive Learning," "Machine Learning," "Automated Assessment,"

and "Personalized Learning" were used, with Boolean operators (AND,
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OR) employed to refine the search queries. For instance, searches like:
("Artificial Intelligence" OR "AI") AND ("Mathematics Education" OR
"Math Education") AND ("Higher Education" OR "University" OR
"College") exemplify the search strategy.

To ensure the relevance and quality of the included studies, specific
inclusion and exclusion criteria were established. Studies were included
if they focused on the application of Al technologies in mathematics
education within higher education institutions, written in English, peer-
reviewed, and addressed mathematics education at the higher education
level (undergraduate or graduate). Conversely, studies were excluded if
they did not focus on Al in mathematics education or did not pertain to
higher education, were not peer-reviewed (including editorials, opinion
pieces, book chapters, etc.), lacked empirical data or clear methodologi-
cal details, or were duplicate studies or multiple publications of the same
study, with only the most comprehensive version retained.

The data extraction process was systematically carried out following
the PRISMA guidelines to ensure consistency and accuracy. Initially, the
titles and abstracts of all retrieved articles were screened to deter- mine
their relevance based on the inclusion and exclusion criteria. This
screening was conducted independently by two reviewers to minimize
bias using Rayyan Al-assisted literature review platform. Articles that
passed the initial screening underwent a full-text review, where each
article was examined in detail to confirm its relevance and extract perti-
nent information. Discrepancies between reviewers were resolved
through discussion. A standardized data extraction form was developed

to systematically collect and organize data from each included study.
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The form captured details such as study title, authors, publication year,
journal/conference, specific Al technology or application, target popula-
tion (e.g., undergraduate students), research design, sample size, data
collection methods, analytical techniques, key results, benefits of Al
applications, challenges identified, and recommendations for future re-
search. Additionally, the methodological rigor and relevance of each
study were evaluated as part of the quality assessment.

The extracted data were synthesized to identify common themes,
trends, and gaps in the literature, informing the overall findings and
conclusions of the systematic review. This synthesis provided a nuanced
understanding of the current state and potential future developments in
the use of Al in mathematics education within higher education institu-

tions.

8. Results

How is AI currently being used in mathematics teaching?

Al is being employed in various innovative ways to enhance mathe-
matics education within higher education institutions, as understood
through the lens of the Unified Theory of Acceptance and Use of Tech-
nology (UTAUT). This framework helps elucidate the factors influenc-
ing the acceptance and usage of Al technologies in educational settings.

Intelligent Tutoring Systems (ITS) have become a staple in mathemat-
ics education, offering personalized instruction and immediate feedback
to students. These systems utilize machine learning algorithms to adapt to
individual learning styles and needs, significantly improving student

engagement and performance [2]. According to UTAUT, the perfor-
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mance expectancy of ITS is high, as these systems dynamically adjust the
difficulty of mathematics problems based on a student's progress,
ensuring that students remain challenged yet not overwhelmed. This
adaptability directly addresses users' expectations for improved academ-
ic performance, a key driver in technology acceptance.

Adaptive learning platforms represent another significant Al applica-
tion in mathematics education. These platforms continuously analyse
students' performance and adjust the difficulty level of tasks according-
ly. This personalization addresses the diverse learning paces of students
and helps ensure that all students are adequately challenged and moti-
vated 10]. From the UTAUT perspective, the effort expectancy associat-
ed with adaptive learning platforms is favourable. These platforms sim-
plify the learning process for students by providing tailored support, thus
making the learning experience more efficient and effective.

Additionally, automated assessment systems have been implemented to
provide timely and consistent evaluations of student work, freeing
educators to focus more on interactive and personalized teaching meth-
ods [4] This aligns with the UTAUT's facilitating conditions construct,
which considers the availability of organizational and technical infra-
structure to support technology use. Automated assessment systems
provide the necessary infrastructure to enhance teaching efficiency, thus
encouraging adoption among educators.

In South Africa, Al tools like adaptive learning platforms and ITS have
been piloted in several universities to tackle the challenges of large,
diverse classrooms. For instance, the University of Johannesburg has

experimented with Al-driven tutoring systems to assist students who
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are struggling with foundational mathematics courses. These systems
provide "real-time feedback and personalized support," which have been
shown to significantly improve student outcomes [11]. In the context of
UTAUT, social influence plays a crucial role here, as the successful im-
plementation and positive outcomes of these Al tools can influence oth-
er institutions and educators to adopt similar technologies. The demon-
strated effectiveness in enhancing student performance acts as a persua-
sive factor for broader acceptance and integration of Al in mathematics

education.

What are the benefits and challenges associated with Al adoption in
this context?

The benefits of integrating Al in mathematics education are substan-
tial, as examined through the lens of the Unified Theory of Acceptance
and Use of Technology (UTAUT). AI technologies provide scalable
solutions that offer individualized support, enhancing overall learning
outcomes. These technologies facilitate personalized learning, which can
lead to better student engagement and improved performance. Adaptive
learning platforms, for example, ensure that students are neither bored
with material that is too easy nor frustrated by material that is too diffi-
cult 10]. This aligns with the UTAUT’s performance expectancy con-
struct, as students and educators expect Al tools to improve academic
performance and learning efficiency.

Automated assessment systems provide consistent and timely feed-
back, crucial for student development [4] This feedback mechanism

aligns with the facilitating conditions construct of UTAUT, highlighting
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the importance of a supportive infrastructure that enables educators to
focus more on interactive and personalized teaching methods. The ease of
use and efficiency provided by these systems also contribute to the effort
expectancy construct, making them more likely to be adopted by
educators.

However, the adoption of Al in mathematics education is not without
its challenges. Ethical considerations, such as data privacy and the
transparency of Al algorithms, are critical issues that need to be ad-
dressed to gain the trust of educators and students alike. [8] highlights that
"Al systems must be transparent and their decision-making process- es
clear" to ensure they are used ethically and responsibly. This trans-
parency is essential to address concerns within the social influence con-
struct of UTAUT, as stakeholders must trust and understand Al systems
for their widespread acceptance.

The effectiveness of Al tools is heavily dependent onthe quality of data
they are trained on, raising concerns about bias and fairness in edu-
cational outcomes. This issue underscores the need for high-quality data
and fair training practices, which are integral to the performance expec-
tancy and facilitating conditions constructs. Furthermore, there is a
pressing need for adequate training and professional development for
educators to effectively integrate Al tools into their teaching practices
[19]. This need for training aligns with the facilitating conditions con-
struct, as the successful implementation of Al technologies relies on
educators being well-prepared to use these tools effectively.

In South Africa, these challenges are particularly pronounced given the

country's diverse student population and the varying levels of access
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to technology. Studies have shown that while Al tools can significantly
improve learning outcomes, there is a need for "robust infrastructure and
training programs" to ensure that these technologies are effectively uti-
lized [11]. The social influence construct of UTAUT is particularly rele-
vant here, as the adoption of Al in education must consider the influence
of cultural and societal factors on technology acceptance. Addressing
these challenges requires a concerted effort to build the necessary infra-
structure, provide adequate training, and ensure ethical practices in Al

implementation.

How can faculty effectively leverage Al to enhance student learning
outcomes?

Faculty can effectively leverage Al to enhance student learning out-
comes by adopting a balanced approach that combines Al tools with
traditional teaching methods. This hybrid approach allows educators to
use Al for tasks such as personalized instruction, adaptive learning, and
automated assessment while providing the human interaction and men-
torship crucial for holistic student development [7]. Through the lens of
the Unified Theory of Acceptance and Use of Technology (UTAUT), this
strategy addresses key constructs like performance expectancy, effort
expectancy, social influence, and facilitating conditions.

Professional development and training programs are essential to equip
educators with the skills needed to integrate Al tools into their teaching
practices. These programs should focus on helping educators understand
how AI technologies work, how to interpret the data generated by these

tools, and how to use this datato inform their teaching strategies. Addi-
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tionally, educators need training on the ethical considerations of using Al
in education to ensure they can address issues related to data privacy and
algorithmic transparency [16]. This aligns with the facilitating conditions
construct of UTAUT, highlighting the necessity of support structures that
enable educators to effectively use Al technologies.

In the South African context, faculty development programs have been
initiated to help educators integrate Al tools into their teaching. For
instance, the University of Pretoria has implemented workshops and
training sessions to help faculty understand and use Al-driven educa-
tional technologies. These efforts are aimed at "bridging the gap be- tween
technology and pedagogy," ensuring that Al tools are used effectively to
enhance student learning outcomes [11]. This initiative exempli- fies the
social influence and facilitating conditions constructs of UTAUT, where
institutional support and peer influence play significant roles in the
adoption and effective use of Al technologies.

Moreover, the performance expectancy construct is addressed as edu-
cators see tangible improvements in student engagement and perfor-
mance using Al. Adaptive learning platforms and intelligent tutoring
systems provide real-time feedback and personalized learning experi-
ences, which are directly linked to improved academic outcomes. The
effort expectancy construct is also considered as these Al tools are de-
signed to be user-friendly, reducing the perceived complexity and effort
required by educators to integrate them into their teaching practices.

By leveraging Al in a balanced approach, educators can provide per-
sonalized learning experiences that cater to the diverse needs of students,

thereby enhancing overall learning outcomes. The UTAUT



Artificial Intelligence in Higher Education Mathematics 109

framework underscores the importance of understanding and addressing
the various factors that influence the acceptance and use of Al technolo-
gies in education. Ensuring that educators are well-prepared and sup-
ported in their use of Al tools is crucial for realizing the full potential of

these technologies in enhancing student learning outcomes.

9. Discussion

The findings of this systematic literature review underscore the trans-
formative potential of Al technologies in enhancing mathematics educa-
tion within higher education institutions. AI-driven tools such as Intelli-
gent Tutoring Systems (ITS), adaptive learning platforms, and automat-
ed assessment systems have demonstrated significant benefits in provid -
ing personalized instruction, immediate feedback, and consistent evalua-
tion of student work. These technologies address some of the inherent
challenges in mathematics education, particularly the difficulty of cater-
ing to diverse student proficiency levels in large classroom settings. For
instance, ITS systems have been shown to adapt to individual learning
styles, thereby improving student engagement and performance [2]. This
adaptability makes education more accessible and effective, especially for

students who may struggle with traditional teaching methods [19].

Moreover, adaptive learning platforms continuously analyze student
performance and adjust the difficulty level of tasks accordingly. This
ensures that students remain adequately challenged and motivated, which
is crucial for maintaining their interest in mathematics [20]. Automated

assessment systems, on the other hand, facilitate timely and
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consistent evaluations of student work, allowing educators to focus more
on interactive and personalized teaching methods [4] These benefits col-
lectively contribute to improved student outcomes, as they provide indi-
vidualised support and address learning gaps that traditional methods

often fail to bridge [7].

However, the integration of Al in mathematics education is not without
challenges. Ethical considerations such as data privacy and the transpar-
ency of Al algorithms are critical issues that need to be addressed to gain
the trust of educators and students alike. As [8] points out, "Al systems
must be transparent and their decision-making processes clear" to ensure
they are used ethically and responsibly. Additionally, the effectiveness of
Al tools is heavily dependent on the quality of data they are trained on,
raising concerns about bias and fairness in educational outcomes [21].
These challenges highlight the need for a balanced approach that
considers ethical, pedagogical, and technical aspects to ensure the
successful implementation of Al in education.

The South African context presents unique opportunities and chal-
lenges for the integration of Al in mathematics education. While Al tools
offer promising solutions to the educational challenges faced by South
African institutions, their effectiveness depends on robust infra- structure
and adequate training for educators. Studies have shown that Al-driven
tutoring systems can significantly improve learning outcomes, but there is
a need for "robust infrastructure and training programs" to ensure these
technologies are effectively utilized [11]. Faculty development programs
are essential to equip educators with the skills needed to integrate Al tools

into their teaching practices. These programs should
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focus on helping educators understand how Al technologies work, how to
interpret the data generated by these tools, and how to use this data to
inform their teaching strategies [16].

In South Africa, future research should focus on developing Al tools
that are tailored to the unique educational landscape of the country. This
includes considering the diverse socio-economic backgrounds of stu-
dents, the varying levels of access to technology, and the need for cul-
turally relevant educational content [22]. Additionally, there is a press-
ing need to address the digital divide and ensure that all students have
equitable access to Al-enhanced learning tools. [23] states that "bridging
the digital divide is essential to ensure that all students can benefit from
the advancements in Al technology, regardless of their socio-economic

status."

The findings of this systematic literature review underscore the
transformative potential of Al technologies in enhancing mathematics
education within higher education institutions, examined through the lens
of the Unified Theory of Acceptance and Use of Technology (UTAUT).
The UTAUT framework suggests that performance expectancy, effort
expectancy, social influence, and facilitating conditions play critical roles
in determining technology adoption. In this context, AI-driven tools such
as Intelligent Tutoring Systems (ITS), adaptive learning platforms, and
automated assessment systems have demonstrated significant benefits
that align with performance expectancy, particularly through their ability
to provide personalized instruction, immediate feedback, and consistent
evaluation of student work. These technologies address some of the
inherent challenges in mathematics education, particularly the difficulty
of catering to diverse student proficiency levels in large classroom
settings. For instance, ITS systems adapt to individual learning styles,
thereby enhancing performance expectancy by improving student
engagement and outcomes [2]. This adaptability increases the likelihood
of'acceptance among both students and educators, making education more

accessible and effective, especially for students who may struggle with
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traditional methods [19].

Moreover, adaptive learning platforms embody effort expectancy by
simplifying the learning process through continuous analysis of student
performance and dynamic adjustment of task difficulty. This ensures that
students remain challenged and motivated, which is crucial for
maintaining their interest in mathematics [20]. Automated assessment
systems also address effort expectancy by facilitating timely and
consistent evaluations of student work, allowing educators to focus on
more interactive and personalized teaching methods [4]. These benefits
collectively enhance the performance expectancy of Al tools by providing
individualized support and addressing learning gaps that traditional
methods often struggle to bridge [7].

However, according to UTAUT’s social influence and facilitating
conditions constructs, the integration of Al in mathematics education is
not without challenges. Ethical considerations, such as data privacy and
the transparency of Al algorithms, are critical for gaining trust among
educators and students. Social influence is particularly relevant here, as
Al acceptance is affected by how its ethical use is perceived by
stakeholders. As [8] points out, "Al systems must be transparent and their
decision-making processes clear" to ensure they are used ethically and
responsibly. Additionally, facilitating conditions play a role in
determining the effectiveness of Al tools, as their impact relies on the
quality of data they are trained on, which raises concerns about bias and
fairness in educational outcomes [21]. These challenges highlight the
importance of a balanced approach that integrates ethical, pedagogical,
and technical considerations to promote successful Al implementation.

The South African context presents unique facilitating conditions and
social influences for Al integration in mathematics education. While Al
tools offer promising solutions to educational challenges, their
effectiveness depends on robust infrastructure and adequate training for
educators. Studies have shown that Al-driven tutoring systems can
significantly improve learning outcomes, yet there remains a need for
"robust infrastructure and training programs" to facilitate effective use

[11]. Faculty development programs are essential to provide educators
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with the skills needed to integrate Al tools, aligning with UTAUT’s
facilitating conditions construct. Such programs should focus on helping
educators understand Al functionality, interpret Al-generated data, and
use this data to guide instructional strategies [16].

In South Africa, future research should focus on developing Al tools
tailored to the unique educational landscape of the country. This requires
considering the diverse socio-economic backgrounds of students, varying
levels of access to technology, and the need for culturally relevant
educational content [22]. Addressing the digital divide is crucial, as
equitable access to Al-enhanced learning tools aligns with social
influence, ensuring all students benefit from advancements in Al
technology regardless of socio-economic status. As [23] states, "bridging
the digital divide is essential to ensure that all students can benefit from
the advancements in Al technology, regardless of their socio-economic

status."

10.Conclusion

This systematic literature review highlights the transformative potential
of Al technologies in enhancing mathematics education in higher educa-
tion. Key findings emphasize the benefits and challenges of Al tools such
as Intelligent Tutoring Systems (ITS), adaptive learning platforms, and
automated assessment systems. These technologies can provide per-
sonalized instruction, real-time feedback, and consistent evaluation, ad-
dressing challenges related to diverse student proficiency levels.

Al tools like ITS can adapt to individual learning styles, improving en-
gagement and performance. Adaptive learning platforms offer tailored
experiences by adjusting task difficulty based on student performance,

keeping students challenged and motivated. Automated assessment sys-
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tems provide timely and consistent evaluations, allowing educators to
focus more on interactive teaching.

However, integrating Al in education comes with challenges, including
ethical concerns about data privacy and algorithm transparency, and the
need for quality data to avoid bias. Effective Al integration also requires
adequate training for educators.

In South Africa, Al tools offer promising solutions to educational chal-
lenges but require robust infrastructure and educator training. Disparities
in resources and technology access impact Al's effectiveness. Faculty
development programs are essential to equip educators with the skills to
use Al tools effectively.

This review underscores the need for continued research and informed
decision-making to maximize Al's potential in education. Addressing
ethical, pedagogical, and technical considerations, along with infrastruc-
tural challenges and educator training in South Africa, is crucial for lev-
eraging Al to improve educational outcomes. Continued investment in Al
technologies and educator training is essential for enhancing teaching

practices and student success in higher education.
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