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Abstract. The article examines the use of artificial intelligence (AI)
tools in higher mathematics education, focusing on the opinions and experi-
ences of Bulgarian students. The research aims to explore how they impact
on personalized learning, student engagement, skill development, and ethi-
cal challenges. An online questionnaire with 20 closed questions and three
demographic questions distributed among students from three universities
in Bulgaria was used for data collection. The analysis shows that students
use Al tools such as ChatGPT and Photomath for learning purposes but
perceive them more as a supplement to traditional methods rather than a
core component of learning. Although 52.3% of respondents believe that
AT tools is effective, 34.1% disagree. The students also note that AI tools
cannot fully replace human understanding, and there are ethical concerns
surrounding its use.
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1. Introduction

The advent of artificial intelligence (AI) has ushered in a new era of op-
portunity in many fields, including education. Through machine learning
and deep learning algorithms, Al supports the understanding and teaching of
complex mathematical concepts by creating adaptive learning materials and
providing intelligent support systems for students. Al tools could analyse
learning data and predict academic success, thus assisting educators in im-
proved educational processes and reduction of knowledge gaps. These innova-
tions not only facilitate teaching but also motivate students and make learning
interesting and accessible. Exemplifications of adaptive learning systems that
can be used in HM education are ALEKS!, MyMathLab?, and WebAssign?.
Some studies conducted in recent years indicate that the following artificial
intelligence technologies are used by students in their HM learning: Wolfram
Alpha*, Desmos®, Symbolab®, Photomath”, Maple Calculator®, Mathway?,
and Microsoft Math Solver!? (Dhivya 2024; Manrique & Palomares 2024).
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AT tools used to teach higher mathematics have several fundamental as-
pects that make them very beneficial during the learning process. They offer
adaptive learning materials that respond to individuals’ particular needs by
analysing their progress and making individualized recommendations. Inter-
activity is also vital, with tools frequently featuring visualizations and sim-
ulations to help students learn complex mathematical topics. They provide
fast feedback, allowing students to quickly fix their mistakes and consolidate
their information. Al tools may also automatically grade coursework, saving
educators time and assuring objectivity. They can analyse enormous amounts
of data to identify patterns and trends that would be impossible to spot man-
ually. Students can use the tools to collaborate on assignments and projects
in real time. Finally, these tools are frequently available online and on mobile
devices, allowing students to learn whenever and wherever they want, with
access to a wealth of resources such as video tutorials, articles, and interactive
exercises.

The use of Al tools in higher mathematics education presents education
with several challenges and problems. First, technical difficulties can inter-
rupt the learning process. There is also the risk of over-reliance on tech-
nology, which can reduce students’ ability to solve problems independently
and develop critical thinking. Another important concern is the protection
of personal data, as Al tools collect and analyse large amounts of informa-
tion about students. Unequal access to modern technology can deepen social
and economic inequalities in education. Additionally, Al tools cannot always
accurately identify students’ individual needs and learning styles, which can
lead to inappropriate recommendations and learning difficulties. The inte-
gration of Al can reduce the personal contact between teachers and students,
which is important for developing critical thinking and motivation.

Training educators to effectively use Al tools also requires additional effort
and time. Issues of transparency and understanding of the processes of Al
systems create ethical and methodological challenges. Finally, the integration
of Al into the curriculum may require significant changes in teaching method-
ologies, challenging educational institutions and their traditional approaches.
All these factors highlight the need for careful planning and management of
the implementation of Al tools in higher mathematics education to ensure
that they truly contribute to the quality of education without creating new
problems.

The importance of researching the application of Al in higher mathemat-
ics education stems from the growing need for innovation and efficiency in
education. In Bulgaria, such research is especially needed to modernize the
educational process and meet world standards in education.
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2. Related Works

The literature review on Al tools used in higher mathematics education
includes a considerable quantity of research that covers the opportunities and
challenges of implementing Al tools in this area. One of the most significant
elements influencing students’ mathematical achievement is a lack of special-
ized help tailored to their specific needs. The objectives of this review are
to explore the four main aspects of adopting Al tools in higher mathematics
education: personalized learning experiences, improved student engagement,
improved skills, and ethical considerations.

According to research, Al tools could improve the educational process
by offering more individualized learning experiences and making content and
resources more accessible. One example is the MathE platform, which was
created in 2019 and is intended to help students who are having problems
learning higher mathematics or who wish to expand their knowledge of various
mathematical topics.

The article (Azevedo et al. 2024) presents data stored in the MathE plat-
form from 372 students from 8 countries who provided 9546 responses to
833 questions, which are used to explore active learning tools. The data pro-
vides valuable information about how students from different countries engage
with and respond to math questions, helping educators and researchers un-
derstand learning behaviors, preferences, and challenges. This data covers
responses from students in eight countries, providing a global perspective on
instructional trends and challenges in mathematics education while allowing
for cross-cultural comparative analyses. Observations on the effectiveness of
personalized learning show how students choose topics, levels of question diffi-
culty, and pace of learning, which contributes to the discussion of educational
technology and personalized learning approaches.

Previous research has shown the potential of Al tools to facilitate the devel-
opment of complex skills such as critical thinking. Likewise, Al applications
as intelligent learning systems can provide personalized instruction and feed-
back to students on their complex tasks. It can stimulate students' critical
thinking by challenging them with questions appropriate to their skill level
(Cotton et al. 2023). Moreover, as an intelligent conversational agent, they
can provide valuable opportunities for students to improve their argumenta-
tion skills through practical exercises. Although AI applications can assist
in the development of complex learning outcomes, they are less competent in
content that requires higher order thinking skills, such as analytical thinking
(Rudolph et al. 2023). This is due to their high reliance on the data they are
trained on, without a deep understanding of the context and common sense
that are essential in this case.

The review of publications (Hwang & Tu 2021) determined that AI tools
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has considerable potential to improve learning outcomes and the development
of higher cognitive skills in students. Students can use Al tools to improve
their skills and grasp of complicated ideas. It discovers that most research
on Al in mathematics education has been published by researchers in the
domains of education and educational technology, emphasizing the need for
greater participation by mathematics researchers. The authors classify the
studies they reviewed into three main clusters: “Al-based learning systems”,
“personalized /adaptive learning”, and “learning strategies and models”. They
find that the most studied topics are related to discrete mathematics and
algebra, while geometry, topology and applied mathematics are less frequently
studied. It is concluded that AI most often plays the role of intelligent learning
systems that assess students’ problems and provide immediate support to
improve their learning outcomes.

An examination of the publications on the topic matter identifies mul-
tiple challenges connected with deploying ChatGPT and other AI innova-
tions within academic settings. They can furnish unreliable, antiquated, or
false data, causing misinterpretations and inaccurate judgments by learners
(Limna et al. 2023). Learners might grow excessively dependent on these
Al mechanisms for resolving issues and gaining knowledge, which hampers
their ability to think critically and develop independence. The use of Al
technology for assignments and homework might impair the learning process
and the acquisition of critical competencies, making it harder to assess stu-
dent understanding objectively. Frequent use of AI technologies can reduce
lecturer-student engagement (Limna et al.2023). The introduction of Chat-
GPT raises concerns about traditional ways of measuring students’ knowledge
and competences, as Al can make it impossible to measure their genwine abil-
ities and knowledge. Al technologies can influence students’ motivation and
skill development. The potential of Al technologies to facilitate finding an-
swers can lead to a simplification of the learning process and a reduction in
the active participation of students in the search and analysis of information
(Zawacki-Richter et al. 2019). The use of AI technologies also raises ethical
questions about the fairness and appropriateness of their use in the
educational process (Hua et al. 2023).

A lot of research has focused on the ChatGPT tool for teaching and learn-
ing mathematics. Analysing the content of 50 articles, author of (Lo 2023)
concluded that ChatGPT can serve as an assistant for teachers to generate
learning materials and as a virtual teacher for students, but there are chal-
lenges such as generating false or fake information and the ability to bypass
plagiarism detection systems. Research presented in (Wardat et al. 2023)
founds that respondents emphasized ChatGPT’s ability to analyze and break
down complex math problems into smaller components, generating step-by-
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step solutions. However, according to them, ChatGPT still cannot fully re-
place human understanding and can often encounter difficulties in solving
more complex mathematical problems. Nevertheless, there is potential to de-
velop. The study finds that ChatGPT is a good instructional tool, but caution
should be exercised when using it and should develop rules for safe use. It
also emphasizes the need for a new educational philosophy, which may emerge
with the integration of chatbots into universities.

The presence of possible contributions makes studies of Al tools, use in
higher mathematics education, valuable. The focus of this study is on the
opinions and experiences of Bulgarian students regarding the use of Al tools
in higher mathematics education. The study examines how they impact per-
sonalized learning, student engagement, skill development, and the ethical
challenges associated with their use. The results show both the potential
benefits and limitations of Al tools in the educational process.

3. Conceptual framework

The purpose of this study was to investigate four aspects of the percep-
tions of students studying for the educational-qualification degree “bachelor”
or “master” in a specialty of professional directions: 4.6. Informatics and
Computer Science, and 5.3. Communication and Computing, on the use
of Al in mathematics education, namely personalized learning experiences,
improved student engagement, improved skills and challenges, and ethical
considerations. Students in these majors are generally more likely to use and
appreciate innovative technologies, such as Al, because of their academic and
professional interests. They have a better understanding of the technical as-
pects of Al and can more adequately assess the reliability and effectiveness
of Al tools used in education.

The first aspect, “Personalized Learning Experiences”’, examines how stu-
dents use specific Al tools for preparation and to what extent they expect Al
to help them understand complex mathematical concepts. The second aspect,
“Improved Student Engagement”; looks at the frequency of using Al tools, in-
cluding ChatGPT, and how this affects students' motivation and confidence
in solving complex problems. The third aspect, “Enhanced Skills”, focuses on
the effectiveness of Al in education, the reliability of Al-provided answers,
and its impact on acquiring competencies such as problem-solving and crit-
ical thinking. This aspect also investigates how Al compares to traditional
methods and human skills in solving mathematical problems. The fourth as-
pect, “Challenges and Ethical Considerations”, explores the extent to which
students use Al in their preparation, which learning platforms they prefer,
and their opinions on the future of Al in education.
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4. Methodology

An online questionnaire was built to collect data, containing 20 closed-
ended questions meant to study students' use and opinions of Al technologies
in higher mathematics education, as well as three demographic questions. Re-
sponses are measured using Likert scales. Cronbach's alpha and Guttman's
Lambda 6 (G6(smc)) were employed as coefficients to assess the question-
naire's internal consistency. The overall Cronbach's alpha was 0.7821, indi-
cating that the questionnaire had strong internal consistency. The results are
interpreted using the table generated by George and Mallery in 2003 (George
&. Mallery 2003). The G6(smc) value is quite high (0.9122), demonstrating
the questionnaire's dependability.

The questionnaire was distributed among the students in one non-state
and two state universities, where training is conducted in professional fields:
4.6. Informatics and computer science and 5.3. Communication and com-
puter technologies. The survey's complete anonymity allows for voluntary
participation and students' freedom to answer questions honestly, as well as
the online distribution — completion at respondents' convenience.

The sample includes students pursuing educational qualification degrees
“bachelor” and “master” in the above-mentioned professional fields. A to-
tal of 88 individuals took part in the survey, with around 72.72% pursuing
undergraduate degrees. Data collection took place in April and May of 2024.

5. Results

Most respondents were aged 18 — 24 (77.3%), with the next largest group
being 25 — 34 (11.4%). The following gender distribution is reported: men
(59.1%) and women (40.9%). Most respondents are bachelors (72.72%).

5.1.Personalized Learning Experiences

The high rate of use of interactive lessons and assignments (47.4%) and
mobile math applications (36.8%) demonstrates the trend of students seek-
ing individualized support and resources that match their specific needs and
learning pace. Personalized learning is supported by the usage of systems
like Photomath (51.2%), Wolfram Alpha (32.6%), Khan Academy (27.9%),
and Desmos (25.6%), which offer adaptive learning based on the student's
level. A substantial number of respondents (88.6%) reported using ChatGPT
for academic purposes, indicating that they find its replies and explanations
valuable in their studies.

5.2. Improved Student Engagement

According to the poll results, a substantial percentage of respondents use
AT on a regular or occasional basis (20.5% and 65.9%, respectively). They use
the learning platforms frequently (22.7%), occasionally (45.5%), and rarely
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(20.5%). Those who utilize them may be more interested and motivated be-
cause of Al tools' interactive and adaptable characteristics, but students still
see them as a supplement to traditional education. 31.8% of respondents
believe that traditional methods are more effective in teaching higher mathe-
matics than Al. Regarding the question of whether AI demotivates students
to study higher mathematics, 22.7% believe that Al motivates them, while
36.4% are not particularly demotivated. Al tools can be both a motivator
and a challenge for students, depending on their attitude and expectations.

5.3. Enhanced Skills

Although 52.3% of respondents believe that using Al in their higher mathe-
matics education is effective, there is still a significant percentage (34.1%) of
respondents who find it not very effective. Most students, to some extent
(45.5%) or rarely (34.1%), rely on Al in solving mathematical problems and
in their preparation because, although they perceive Al applications as a
useful tool, they are not inclined to completely replace traditional learning
methods with them.

Do you believe that using ChatGPT or Do you think that the use of ChatGPT or
Al-powered tools can influence the Al-powered tools can affect the
acquisition of problem-solving skills? acquisition of critical thinking

competence?

34,90%

<

= Yes, significantly.

R

= Yes, significantly.

= Yes, to a certain extent. = Yes, to a certain extent.

= I'm not sure. = I'm not sure.
No, the traditional methods are more efficient. No, the traditional methods are more efficient.
= | do not know. = | do not know.

Figure 1. Al applications for developing competencies

To develop problem-solving competence, 25% of respondents would trust
traditional methods as more effective, while 18.2% of them would choose Al
tools as significantly more effective (fig. 1). 34.9% of respondents believe
that traditional methods are more effective in developing critical thinking,
while only 14% believe that Al significantly supports this process (fig. 1).
A significant percentage of respondents believe that AI tools are not reli-
able (18.2% for theoretical basis and 29.5% for calculations) (fig. 2).
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How reliable do you think ChatGPT or AI In terms of calculations, how accurate do
tools' answers are in terms of theoretical you believe ChatGPT's replies or Al-
mathematical foundation? powered tools are?

, 1,40%
29,50%

6,80%

18,20%

o10%

= They are very reliable. = They are very reliable.
= To some extent, they are reliable. = To some extent, they are reliable.
= T have no opinion. = T have no opinion.

They are not reliable. They are not reliable.

Figure 2. Reliability of Al tools in higher mathematics education

5.4. Challenges and FEthical Considerations

The results show that there are respondents who believe that Al can demo-
tivate students (to a significant extent, 6.8%, to some extent, 13.6%), which
is an important ethical consideration in implementing Al technologies in ed-
ucation. For most students, the higher mathematics education process does
not rely on Al-powered tools or resources. When asked, “What part of your
higher mathematics education process is based on tools and resources using
AT” answers included “a small part” (25.6%), “a very small part” (32.6%),
and “none” (16.3%). It is interesting to note that young people are skeptical
about the potential use of Al in education. 36.4% of respondents believe Al
will have a limited role in education, while 13.6% believe it will not have a
significant one. The result achieved differs significantly from the result of a
comparable question in (Gouia-Zarrad & Gunn 2024), where the question was
“Would you be interested in using ChatGPT in future math or engineering
courses?” and 85% of respondents said yes.

In (Hadjiski & Kaltenborn 2023) presented a possible framework was pre-
sented for managing the learning process in modern personalized learning sys-
tems based on the latest advances in artificial intelligence — large linguistic
models (LLM), machine learning (ML), reinforcement learning (RL), gener-
ative transformer circuits (GTS). The paper presents a scheme of traditional
personalized education with elements of artificial intelligence and a modern
student-centered personalized learning system. Based on the results of the
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survey, it can be concluded that the model of traditional personalized edu-
cation with elements of artificial intelligence is currently being implemented.
This is demonstrated by the fact that AI is used as a supplement to tradi-
tional learning methods, rather than as a core component. Although there is
significant interest and use of Al tools, traditional methods still play a key
role and are preferred by many students. This shows that in practice there
is a transition towards greater integration of Al into educational platforms,
but the personalized learning described in the student-centered personalized
learning system has not yet been fully realized.

In the analysis of the survey results, there are several potential incon-
sistencies or discrepancies that may affect the understanding of the data:
a mismatch between commonly used Al tools and the perception of their
effectiveness; disparity between partial use of AI and perception of its impor-
tance; divergence in attitudes towards Al and its future importance; skepti-
cism about Al and traditional methods. Although a significant percentage
of respondents use Al tools (such as Photomath, Wolfram Alpha, ChatGPT,
etc.), 34.1% of them believe that these tools are not very effective in teaching
higher mathematics. This disparity shows that although Al is actively used,
the opinion about its usefulness is not unequivocally positive. According to
the results, a large percentage of respondents use Al tools only partially or
rarely (for example, 45.5% sometimes and 34.1% rarely). However, most of
them (e.g. 52.3%) believe that Al is effective in higher mathematics educa-
tion, which is in the context of its use only to a limited extent. The Spearman
correlation coefficients for perception of Al effectiveness and development of
problem-solving (0.0888) and critical thinking (0.0117) skills are very low.
This may mean that students who find Al tools effective do not see signifi-
cant improvement in their skills of problem-solving and critical thinking. The
results show that a significant percentage of respondents find Al tools unre-
liable (18.2% for the theoretical basis and 29.5% for the calculations). This
is also in the context of data on the perception of Al as an adjunct rather
than a core element of learning. Although AI is visibly integrated into the
educational process, many respondents believe that traditional methods are
more effective for developing competencies.

6. Limitations

As alimitation of the sample, it is worth noting that it covers students from
two professional fields, which limits the possibilities to generalize the results
to other disciplines and professional fields. The overall number of respondents
is modest, which may reduce the statistical power of the analysis. Despite the
limitations of the research, the study’s findings provide significant insight into
the opinions of learners about the usage of Al in mathematical education.
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7. Discussion and conclusions

The study raises several important discussion points. The first question
concerns the need to investigate the primary advantages of Al technologies in
education and how these resources can be better integrated into traditional
teaching methods.

The second question focuses on the impact of Al tools such as Photomath,
Wolfram Alpha, Khan Academy, and Desmos on students’ motivation and
engagement in higher mathematics education. It is crucial to analyse to what
extent these tools facilitate understanding and mastery of complex concepts
and whether there is a risk of them replacing traditional learning, along with
potential consequences thereof.

The third question, warranting further examination, explores the reasons
why some students still prefer traditional teaching methods over Al tools in
studying higher mathematics. Here, it is necessary to discuss the main ad-
vantages of traditional methods according to students and explore measures
to increase trust and effectiveness of Al tools. The fourth question delves
into the role of Al in developing competencies, considering how Al tools can
be used more effectively to foster skills such as critical thinking and problem-
solving. The fifth question relates to ethical considerations in implementing
AT technologies in education. It is important to discuss how potential demo-
tivating effects of Al tools can be minimized and what measures should be
taken to ensure their reliability in educational settings.

In conclusion, the study shows that Al has significant potential to improve
students’ learning outcomes and engagement in higher mathematics educa-
tion, but traditional methods still play an important role. Despite many
students using Al tools, a large portion of them remain skeptical about their
effectiveness and reliability. Further research and improvements in Al tech-
nologies are necessary to increase students’ trust and ensure their ethical use
in education.

NOTES

ALEKS. https://www.aleks.com/

MyMathLab. https://mlm.pearson.com/northamerica/mymathlab/
WebAssign. https://www.webassign.net/

Wolfram Alpha. https://www.wolframalpha.com/

Desmos. https://www.desmos.com/

Symbolab https://www.symbolab.com/

Photomath. https://photomath.com/

Maple Calculator.
https://www.maplesoft.com/products/Maplecalculator/

e N e
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9. Mathway. https://www.mathway.com/Algebra
10. Microsoft Math Solver. https://math.microsoft.com/bg
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