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Abstract: This research investigates how secondary school mathematics educators in the Nsukka
Education Zone, Enugu State, Nigeria, perceive the incorporation of artificial intelligence-based
ChatGPT into teaching mathematics. The study employed a sequential exploratory mixed-methods
strategy, starting with a systematic survey and followed by detailed interviews. The Mathematics
Teachers’ Awareness and Perceptions of Al-based ChatGPT Questionnaire (MTAPACQ) used in this
study was adapted from an existing online survey and administered to 80 mathematics teachers,
who were selected using stratified random sampling to ensure varied representation across different
local government areas. The survey explored teachers” awareness, utilisation, and perceptions of
ChatGPT. Following the quantitative phase, in-depth qualitative interviews were conducted with a
subset of five teachers who were familiar with ChatGPT to gain deeper insights into their experiences.
The findings indicate limited awareness of ChatGPT, with only 17% demonstrating familiarity with
the technology. The infrequent utilisation of ChatGPT in mathematics teaching is mainly associated
with this limited awareness. Teachers who integrate ChatGPT report positive outcomes, including
improved teaching effectiveness, heightened student engagement, and enhanced comprehension of
complex concepts. Nevertheless, the overall perceptions of the tool’s impact on mathematics teaching
and learning are moderate. The identified challenges in relation to integration include technical
adaptability, curriculum alignment, and the need for customisation to accommodate diverse learning
styles. This study emphasises the significance of continuous professional development and ongoing
support for teachers to integrate Al-based ChatGPT into mathematics instruction proficiently. The
insights derived from the findings hold value for educators, policymakers, and technology developers
aspiring to elevate the role of artificial intelligence in mathematics education.

Keywords: artificial intelligence; chatbots; mathematics education; mathematics teachers;
ChatGPT technology

1. Introduction

Mathematics serves as a fundamental skill essential to both education and daily life.
It equips individuals with problem-solving skills, quantitative literacy, and the ability to
navigate a complex, data-driven world [1,2]. Moreover, it opens up career opportunities
and fosters critical thinking, creativity, and personal growth [3]. Mathematics also promotes
mental discipline and is important in many daily tasks. Mathematics plays a foundational
role in education, providing a framework for understanding the world and preparing
individuals for a wide array of academic and professional pursuits [3,4].

Despite the pivotal role of mathematics in education and daily life, many students
struggle with internal and external mathematics assessments [5,6]. Over time, mathematics
researchers have pinpointed various factors contributing to this issue of underperformance
among students in mathematics. These include insufficient foundational knowledge, inef-
fective teaching techniques that do not cater to diverse learning styles, a lack of personalised
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support to accommodate varying learning paces and styles, the presence of maths-related
anxiety hindering comprehension and problem-solving abilities, difficulty recognising
the practical applications of what is being learned, inadequate practice leading to for-
getfulness and decreased confidence, a curriculum that progresses too swiftly for some
students to grasp fully, limited access to essential learning materials, a negative mindset
fostering a belief in one’s inherent inadequacy in mathematics, and external factors like
personal challenges, health issues, or familial circumstances affecting students’ focus on
their studies [7-13].

Improving students’” mathematics performance requires a multifaceted approach [14,15].
This includes personalised instruction, effective teaching methods, a supportive learning
environment, and resources for independent study [16]. Encouraging a positive attitude
towards mathematics and incorporating hands-on, real-world applications can enhance
performance [17]. To further boost mathematics proficiency, teachers should identify
and address learning gaps, employ diverse teaching methods, establish clear objectives,
ensure lessons are relevant, foster active learning, provide ample practice, deliver con-
structive feedback, encourage critical thinking, utilise formative assessment, nurture a
growth mindset, offer additional resources, create a supportive atmosphere, set realistic
expectations, utilise technology effectively, adjust instruction based on progress, and pro-
mote self-reflection [17-22]. These strategies empower mathematics teachers to create an
engaging learning environment that empowers students to excel in mathematics. Out of
these suggested remedies, the effective utilisation of technology in mathematics teaching
and learning is of interest to this study.

Technology enriches mathematics education by providing innovative tools, resources,
and methods that complement traditional teaching approaches [23-27]. When used effec-
tively, it can enhance comprehension, retention, and application of mathematical concepts,
preparing students for success in a technology-driven world [27]. Technology offers the
resources, facilities, and computing power required to create and implement artificial
intelligence (Al) systems [28,29]. Al then uses these technical advancements to evaluate
data, learn from it, and arrive at wise judgements or predictions [30]. They work together to
advance the creation of intelligent systems, which have numerous applications in various
fields [31-34]. Al is increasingly integrated into educational settings to enhance teaching
and learning experiences, especially in mathematics [32,35,36].

The use of Al-based ChatGPT in teaching and learning mathematics by teachers is
gaining popularity [37]. ChatGPT is a state-of-the-art Al conversational model developed
by OpenAL It uses advanced GPT-3.5 technology and has been trained on diverse internet
text to generate human-like responses [38]. This enables it to engage in conversations,
answer questions, and assist with various tasks. With extensive knowledge and context
comprehension, ChatGPT is versatile for content creation, virtual assistance, and education
support tasks [37,39]. It is proficient in a wide range of topics up to September 2021 but may
lack information on events after that date [40]. ChatGPT represents a significant advance-
ment in Al-driven conversations, potentially enhancing human—-computer interactions
across industries [41,42].

ChatGPT is an Al tool that can help teachers save time and create innovative lessons [37,43].
Mathematics teachers can use ChatGPT to identify real-world connections to mathematics
topics, connect those to student interests, and create various instructional materials to use
in the classroom [36,44]. However, there are concerns about the potential negative impact
of ChatGPT on education, such as the possibility of students relying too heavily on the tool
and not developing their problem-solving skills [45]. Despite these concerns, ChatGPT is a
valuable tool to help teachers create innovative learning experiences and streamline their
workflow [43-45].

1.1. Benefits and Challenges of ChatGPT in Mathematics Education

Integrating ChatGPT into mathematics education offers both benefits and challenges.
Some benefits of using ChatGPT in mathematics education include the fact that ChatGPT
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can save time for both teachers and students by automating tasks like generating quizzes,
creating lesson plans, and providing instant feedback [45,46]. It also provides personalised
learning experiences tailored to individual interests and learning needs [46]. Additionally,
ChatGPT helps teachers create engaging and interactive lessons that align with specific
learning objectives and curricular standards [46]. Moreover, it aids in developing problem-
solving skills by generating word problems that connect maths topics and content [45].
Lastly, ChatGPT can enhance language skills through features like translations, grammar
explanations, vocabulary practice, and conversation simulations [46].

However, some challenges are associated with integrating ChatGPT into mathematics
education. These challenges include a potential lack of deep understanding on the part
of ChatGPT regarding mathematics concepts, which may hinder its ability to correct mis-
conceptions effectively [37]. Additionally, the accuracy and effectiveness of ChatGPT’s
solutions may vary depending on factors like the equation complexity, input data, and the
instructions provided [37]. Moreover, there are apprehensions regarding the potential neg-
ative influence of ChatGPT on education, including the possibility of students over-relying
on the tool and not cultivating their problem-solving abilities [47]. Educators must address
student reliance on ChatGPT by implementing guidelines and best practices to guide its
usage in the classroom. This proactive approach ensures students benefit from Al assistance
while still developing problem-solving skills in a balanced educational environment.

1.2. Theoretical Framework

This study is anchored in the self-determination theory (SDT) propounded by Edward
Deci and Richard Ryan in 1985. It delves into the internal factors that drive individu-
als’” pursuits and endeavours. SDT asserts that people possess essential psychological
requirements—autonomy, competence, and relatedness—which, when fulfilled, contribute
to their overall well-being, motivation, and contentment. Intrinsic motivation stems from
internal sources of enjoyment, whereas extrinsic motivation is driven by external rewards or
the avoidance of penalties. Amotivation characterises a lack of drive due to a perceived dis-
connect between actions and their outcomes. SDT finds practical application in education,
emphasising creating environments that foster autonomy, competence, and relatedness to
enhance individuals’ motivation and learning outcomes. When these fundamental psycho-
logical needs are met, individuals experience heightened well-being and gratification. In
summary, SDT provides a comprehensive framework for comprehending and bolstering
human motivation.

SDT aligns with the use of ChatGPT by mathematics teachers and offers various
benefits, as outlined below:

Autonomy Support: ChatGPT empowers maths teachers by allowing them to indepen-
dently seek resources and tailor their teaching methods to meet their students’ needs [48].
For instance, maths teachers can use ChatGPT to explore various teaching strategies, se-
lect relevant resources, and adapt their instruction to the specific learning styles of their
students.

Competence Enhancement: ChatGPT aids maths teachers in building confidence and
proficiency in teaching mathematics, providing detailed explanations and resources for
professional growth [37]. For example, maths teachers can use ChatGPT to gain insights
into effective methods for explaining complex mathematical concepts or receive assistance
in creating engaging lesson plans.

Relatedness and Community Building: ChatGPT facilitates connections among maths
educators, enabling them to engage in discussions, share best practices, and feel a sense
of belonging within the educational community [49]. Maths teachers can use ChatGPT
to collaborate with colleagues, exchange ideas, and seek advice on teaching strategies,
ultimately enhancing their sense of relatedness within the educational community.

Motivation and Engagement: ChatGPT enhances the motivation for maths teach-
ers to engage in continuous professional development through self-directed learning
opportunities [37]. For instance, maths teachers can use ChatGPT to explore new instruc-
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tional approaches, access resources for professional development, and stay updated on
innovative teaching methods, which can boost their motivation to excel in their roles.

Fostering Intrinsic Motivation: ChatGPT provides tools and resources that align
with teachers’ specific interests and areas of improvement, supporting their intrinsic
motivation [50]. For example, maths teachers can use ChatGPT to receive personalised
recommendations for professional development resources that align with their specific
interests and areas of improvement.

By leveraging ChatGPT, mathematics teachers can enhance their autonomy, com-
petence, and relatedness, leading to more effective and fulfilling teaching experiences.
This integration offers a dynamic approach to professional development and collaborative
learning within the mathematics education community.

1.3. Reviewed Studies

Studies have been conducted in different fields regarding teachers’ perceptions of
their use of Al-based ChatGPT. For example, Sumin and Mossholder [51] conducted a
comprehensive study focusing on elementary school teachers’ perceptions of ChatGPT’s
educational applications. Through surveys and statistical analysis involving 143 elementary
teachers, the study highlighted a disparity between teachers’ familiarity with ChatGPT
and its actual educational utilisation. Despite the high familiarity, its usage for educational
purposes remained relatively low. Concerns such as teachers’ Al capabilities, workload,
and potential ethical issues, including personal information leakage, emerged as significant
obstacles. The study underscored the need for addressing ethical considerations, methods
of educational utilisation, and technical support, alongside fostering positive beliefs about
ChatGPT’s educational potential among teachers. In contrast, Igbal et al. [40] conducted
a qualitative study utilising the technology acceptance model to examine the attitudes of
university teachers towards the utilisation of ChatGPT. The study involved semi-structured
interviews with 20 teachers from a private university in Pakistan. The findings from these
interviews revealed a prevailing sense of caution among the teachers regarding the use of
ChatGPT. They expressed a negative perception and attitude towards its adoption, citing
concerns such as potential risks of cheating and plagiarism. Despite these apprehensions,
the teachers also acknowledged potential benefits, such as facilitating the ease of lesson
planning and assessment. However, it was evident that the teachers felt a lack of sufficient
information and education about ChatGPT, highlighting the need for further awareness
and training to enable them to make informed decisions regarding its use.

Ogurlu and Mossholder [52] conducted a qualitative study to explore the perceptions
of ChatGPT among 85 educators across various educational levels, including university,
high school, middle school, and elementary school. The participants were active social
media users, and data were collected through an online survey. Thematic coding was
employed to analyse the responses and interpret educators’ concerns and perceived ben-
efits regarding ChatGPT in education. The findings indicated that although educators
had limited knowledge about ChatGPT, they expressed openness to receiving training
on its educational applications. The concerns raised by educators included issues such
as plagiarism/cheating, potential loss of higher-order thinking skills, overreliance on
technology, lack of authenticity, decreased content comprehension, fear of the unknown,
and concern for social-emotional well-being. Despite these concerns, educators showed
optimism about the potential benefits of ChatGPT, including the development of teach-
ing materials to reduce their workload, facilitate instant information access, and elevate
the quality of teaching. Similarly, Mai et al. [53] conducted a survey research study to
investigate language teachers’ perceptions regarding the use of ChatGPT in teaching and
assessment within Vietnamese universities. The study involved 43 language teachers, who
were surveyed to gather insights into their knowledge, concerns, and challenges related to
employing this conversational Al tool in their teaching practices. The findings revealed
that while the participating teachers possessed some level of familiarity with ChatGPT,
their understanding appeared to be incomplete, potentially influencing their perceptions
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and instructional approaches. Interestingly, the study uncovered a nuanced perspective
among the teachers regarding the utility and obstacles associated with ChatGPT, with a
predominant prevalence of negative viewpoints over positive ones. Notably, variations
in the teachers’ perceptions were not correlated with the student groups they taught, but
rather with their proficiency in effectively utilising ChatGPT. These findings underscore the
critical need for comprehensive training and guidance on ChatGPT utilisation, particularly
addressing concerns related to formulating appropriate commands to harness the tool
effectively for pedagogical purposes.

Furthermore, studies on the awareness, usefulness, perception and challenges of Al-
based ChatGPT have been conducted by researchers, and researchers such as
Adarkwah et al. [54] found in their study that most educators in Ghana had limited knowl-
edge about ChatGPT. Meanwhile, Widianingtyas et al. [55] revealed in their study that a
significant proportion of teachers in Malaysia are familiar with ChatGPT and recognise its
applicability in pedagogical contexts. Nevertheless, in terms of the usefulness of ChatGPT,
Mondal et al. [56] revealed in their study that teachers use ChatGPT in the preparation of
presentation slides, formulating essay-type, multiple choice, and viva questions, answering
students’ queries, marking, evaluation of answers, planning a lesson, or creating contents
for blended learning. On the perception of ChatGPT by educators, Widianingtyas et al. [55]
reported that teachers had a positive perception of ChatGPT’s integration into their in-
struction. In terms of the challenges of ChatGPT, Chinoso et al. [57] and Memarian and
Doleck [58] revealed in their studies that some of the problems of ChatGPT are that the
results produced by ChatGPT are not cited or referenced, plagiarism, deception, misuse
lack of learning, and inaccurate responses are sometimes offered to individuals or leaners.

However, there are limited review studies investigating the integration of Al-based
ChatGPT into mathematics education, especially from teachers’ perspectives. For instance,
Getenent [59] conducted a study comparing the problem-solving abilities of ChatGPT and
58 pre-service teachers (PSTs) from an Australian regional university’s School of Education.
The PSTs, who were being prepared for early childhood, primary, and secondary teaching,
tackled a mathematical word problem individually. Data from their submitted assignments
were analysed for problem-solving strategies. ChatGPT was also tasked with the same
problem, with various prompts provided. The results revealed that while PSTs employed
diverse strategies, their solutions did not always align with children’s levels of understand-
ing. ChatGPT used similar strategies but predominantly produced incorrect solutions,
emphasising the necessity of contextualising its performance, especially in primary school
contexts. The study underscores the advantage of human problem-solvers over Al in
tasks demanding contextual understanding and creativity. It highlights the importance
of problem-solving strategies for PSTs and acknowledges ChatGPT’s effectiveness with
algebraic equations and formulas but suggests significant room for improvement in Al
problem-solving strategies. In the same vein, Wardat et al. [37] examined the perspectives
of students and teachers on the use of artificial intelligence-based ChatGPT in teaching
mathematics in Saudi Arabia. The study employed a qualitative case study approach
that utilised 30 respondents. Their results indicate that ChatGPT is acknowledged for
enhancing mathematical skills and contributing to educational success by offering users
foundational knowledge in mathematics and diverse subjects. However, the findings also
highlight ChatGPT’s limitations in comprehending geometry and rectifying misconceptions
effectively. The precision and efficacy of ChatGPT’s solutions seem to vary based on the
equation’s complexity, input data, and the instructions provided to ChatGPT.

In another study, Sanchez-Ruiz et al. [60] investigated how ChatGPT could impact
blended learning approaches in engineering education, particularly in Spanish mathematics
classrooms. The research aimed to understand the influence of artificial intelligence tools
on students’ development of critical-thinking, problem-solving, and teamwork skills. The
outcomes indicated that students expressed a high level of confidence in the accuracy of
ChatGPT’s responses, showing a substantial percentage of correct answers compared to
numerical solutions. Additionally, ChatGPT not only provided solutions but also offered



Educ. Sci. 2024, 14, 742

6 of 20

a step-by-step guide, enhancing students’ grasp of the problem-solving process. Concur-
rently, Yilmaz et al. [61] conducted a study exploring students” perceptions of ChatGPT
based on factors such as gender, grade level, major, and prior experience with the Al tool.
Using a quantitative research approach with 239 participants from a science and mathe-
matics education programme in Almaty, Kazakhstan, the study found an overall positive
perception of ChatGPT among the students. Meanwhile, Wang and Demszky [62] delved
into the potential cost-effective role of generative Al-based ChatGPT as an automated
teacher-coach in the United States. They proposed three tasks for ChatGPT: scoring tran-
script segments, identifying instructional highlights and missed opportunities, and offering
actionable suggestions for eliciting more student reasoning. Expert mathematics teachers
evaluated ChatGPT’s performance on these tasks when using elementary mathematics
classroom transcripts. The results indicated that while ChatGPT provided relevant insights
for improving instruction, the responses were often not novel or insightful.

From the studies reviewed above, it is evident that there is a lack of research on math-
ematics teachers” knowledge and usage of Al-based ChatGPT in mathematics education,
particularly in African countries such as Nigeria. While ChatGPT has been successfully
utilised in other fields, including education, its specific application in mathematics teaching
remains underexplored. This gap in the literature highlights the necessity of investigating
how mathematics teachers in Nigeria are aware of and engage with Al-based ChatGPT.
Given the novelty of ChatGPT and its potential benefits in enhancing educational practices,
this study aims to fill this critical gap by exploring teachers’ awareness, usage, perceptions,
and challenges related to Al-based ChatGPT in mathematics teaching and learning. The
research objectives are to (i) assess the level of awareness among mathematics teachers
regarding Al-based ChatGPT in mathematics teaching and learning, (ii) determine the
frequency of utilisation of Al-based ChatGPT by mathematics teachers in their mathematics
instruction, (iii) explore mathematics teachers’ perceptions regarding the impact of Chat-
GPT on maths teaching and learning, and (iv) identify and analyse mathematics teachers’
challenges in integrating Al-based ChatGPT into their teaching practices.

1.4. Research Questions
The research questions that guided this study are the following;:

e To what extent do teachers know about Al-based ChatGPT in mathematics teaching
and learning?

o  How frequently do mathematics teachers utilise Al-based ChatGPT in their mathemat-
ics instruction?

e  What are mathematics teachers’ perceptions regarding the impact of ChatGPT on
mathematics teaching and learning?

e  What challenges do mathematics teachers encounter in integrating Al-based ChatGPT
into their mathematics teaching practices?

2. Materials and Methods
2.1. Design

The research design for this study is a sequential exploratory mixed-methods design.
The design involves a systematic process of collecting, analysing, and integrating quantita-
tive and qualitative data in sequential stages to gain a comprehensive understanding of a
research problem or phenomenon [63]. The design employed in this study starts with an
initial quantitative data collection and analysis phase, followed by a qualitative phase for
in-depth exploration and understanding. This sequential nature allows for a comprehensive
examination of Al-based ChatGPT usage among secondary school mathematics teachers
in the Nsukka Education Zone. The mixed-methods design is chosen to capitalise on the
strengths of both quantitative and qualitative approaches, providing a broad overview
through surveys and detailed insights through interviews.
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2.2. Participants

The population of this study is delimited to secondary school mathematics teachers
within the Nsukka Education Zone of Enugu State, Nigeria. The focus on this specific geo-
graphic area ensures a localised examination of the utilisation of Al-based ChatGPT among
secondary school educators in mathematics. A stratified random sampling technique is
employed to capture a representative sample from the defined population. The strata are
based on the different local government areas within the Nsukka Education Zone, ensuring
proportional representation from each area. This approach aims to account for potential
variations in demographics and teaching environments across the Zone. The final sample
comprises 80 mathematics teachers distributed across the local government areas within
the Nsukka Education Zone. However, only 17% (HE-11% + VHE-6%) of the sample knew
about the Al-based ChatGPT (see Figure 1), comprising approximately 14 maths teachers.
Out of these 14 teachers, only 5 agreed to participate in the interview session of the study.

Figure 1. Mathematics teachers” knowledge of Al-based ChatGPT.

2.3. Method of Data Collection

For the quantitative aspect, data were collected through a survey questionnaire
adapted from the online survey questionnaire created by Nguyen [64]. The online survey,
created using Google Forms, aimed to investigate English teachers” knowledge and per-
ceptions of ChatGPT, including its usefulness and challenges. The questionnaire consisted
of three parts. The first part was a consent form to confirm participants” willingness to
contribute to the research. The second part collected background information, such as
years of teaching experience, whether they taught English majors or non-majors, and their
prior experience with ChatGPT. The third part comprised questions designed to explore
participants’ perceptions of ChatGPT and its use in their teaching and assessment practices.
However, the reason for adapting the online language-teaching questionnaire for mathe-
matics teaching was due to the shared educational needs in both fields, such as complex
concept explanations and technology integration. Specific questions were modified to
reflect mathematics scenarios, and a pilot test with mathematics teachers validated the
relevance and effectiveness of the adapted questionnaire.
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The adapted survey questionnaire used in this study, titled “Mathematics Teach-
ers’ Awareness and Perceptions of Al-based ChatGPT Questionnaire (MTAPACQ),” was
distributed to 80 mathematics teachers across various secondary schools in the Nsukka
Education Zone. The MTAPACQ comprised two sections: Section A collected personal
data from the respondents, including gender and location. Section B consisted of 8 item
statements related to teachers’ awareness of Al-based ChatGPT, usage patterns, perceptions,
and challenges, with respondents rating each item on a five-point Likert scale ranging from
“very high extent” to “very low extent” (see Appendix A).

The MTAPACQ underwent face validation by experts in mathematics education,
measurement and evaluation, and technology and researchers familiar with Al in education.
These experts critically reviewed the instrument to ascertain its content validity. Their
feedback was incorporated to refine and clarify the survey questions, ensuring that the
instrument adequately addressed the research objectives and covered a comprehensive
range of relevant topics. Before full-scale administration of the instrument, a trial test
was conducted with 25 mathematics teachers from a different education zone. Cronbach’s
alpha was employed to analyse the data obtained from the trial test to assess the internal
consistency of the MTAPACQ. The reliability coefficient obtained was 0.76, indicating
satisfactory internal consistency. The researchers administered the MTAPACQ to the
80 mathematics teachers, achieving a 100% retrieval rate, ensuring the completeness of the
data collection process.

For the qualitative aspect, in-depth interviews were conducted with a subset of teach-
ers to gain deeper insights into their experiences with ChatGPT. Specifically, out of the
14 teachers familiar with ChatGPT, 5 agreed to participate in the interviews. The inter-
view guide was developed by the researchers based on a comprehensive literature review
and theoretical framework. Initially comprising 8 open-ended questions, the guide was
later condensed into 4 overarching themes by validation experts to align with the study’s
research questions. These experts reviewed the questions for clarity, relevance, and com-
prehensiveness, providing feedback to refine the guide. A pilot study was conducted with
a small sample of participants (n = 5) to test the interview guide, helping to identify any
ambiguities and ensuring the questions elicited meaningful responses. Based on the pilot
feedback, minor revisions were made to the wording and order of the questions.

The final interview guide consisted of questions designed to explore specific areas
of interest, such as mathematics teachers’ overall perceptions, usage, challenges, and
suggestions (see Appendix B). To determine the reliability of the interview guide, the inter-
rater reliability was measured by having two independent researchers conduct interviews
with the same subset of participants (n = 5) and evaluating the consistency of the responses.
The inter-rater reliability coefficient was found to be 0.80, indicating high reliability. This
thorough process ensured that the interview guide was both reliable and valid for capturing
meaningful insights. The final interview guide questions were then administered to the
5 mathematics teachers who agreed to participate in the interview session.

2.4. Data Analysis

Quantitative Analysis: The quantitative data from the survey were analysed using
SPSS software version 29. Descriptive statistics, specifically the mean and standard devia-
tion, were utilised to address the research questions. A criterion mean rating of 3.0 was
established. Mean ratings of 3.0 or higher indicated that respondents accepted a ques-
tionnaire item to a high extent (HE) (3.0-3.99) or very high extent (VHE) (4.0 and above).
Conversely, mean ratings below 3.0 indicated that respondents accepted the statement to a
low extent (LE) (2.0-2.99) or very low extent (VLE) (1.99 and below).

Qualitative Analysis: The qualitative data from the semi-structured interviews were
analysed using thematic analysis. This process began with transcribing the interview
recordings verbatim to ensure accuracy. The transcripts were then read multiple times, and
initial codes were generated for significant pieces of information related to the research
questions. These initial codes were grouped into potential themes based on patterns and
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recurring topics identified across the interviews. The themes were then reviewed and
refined to ensure they accurately represented the data. This review involved checking the
themes against the coded data extracts and the entire dataset. Once the themes were clearly
defined and named to reflect their essence and relevance to the research questions, the final
themes were used to structure the qualitative findings. Selected quotes from participants
were included to provide rich, contextualized evidence supporting the study’s conclusions.

2.5. Ethical Considerations

Regarding the ethical considerations, this study’s ethical conduct received approval
from the Post Primary Management Board in the Nsukka Education Zone. Following this,
the school principals explicitly permitted the research to occur within their institutions.
Additionally, in adherence with ethical protocols, informed consent was diligently ob-
tained from all the participants, emphasising a steadfast dedication to maintaining ethical
standards throughout the research process.

3. Results

The findings and analysis of the data are presented in accordance with the research
questions. This section introduces the results in a written form before presenting the tables
and detailed statistical data.

Research Question 1. To what extent do teachers know about Al-based ChatGPT in
mathematics teaching and learning?

Results from the survey (Table 1) indicate that mathematics teachers have a very low
awareness of Al-based ChatGPT, with a mean rating of 1.93 (SD = 1.22). This finding is
supported by qualitative data, where several teachers mentioned their initial encounters
with ChatGPT through personal exploration, workshops, and colleague recommendations.
For example:

Table 1. Teachers” awareness, usage, perceptions, and challenges in terms of Al-based ChatGPT in
mathematics teaching and learning.

S/N Item Statement Mean St;:;:g:i Decision
Auwareness of Al-based ChatGPT
1. To what extent are you aware of Al-based ChatGPT? 1.81 1.18
2. To what extent are you familiar with the technological tool ChatGPT? 2.04 1.25
Grand Mean 1.93 1.22 VLE
Usage Patterns of Al-based ChatGPT
3. How frequently do you integrate ChatGPT into your teaching practices? 1.78 1.21 VLE
Perceptions of ChatGPT Impact
4. To what extent is ChatGPT impacting teaching efficiency in mathematics? 2.35 1.30
5. I think ChatGPT is a useful tool for teaching and learning mathematics 3.28 0.78
6. ITam satisf'ie‘d. with the responses I get from ChatGPT in handling my math 305 0.68
lesson activities.
Grand Mean 2.96 0.92 LE
Challenges in Utilising ChatGPT
7 To what extent have you encountered challenges in integrating ChatGPT 316 0.49 HE

into your mathematics teaching practices?

MT 1: “I stumbled upon ChatGPT during my quest for innovative Al tools in education,
struck by its potential to revolutionise how students grasp complex math concepts and the
assistance it has rendered me.”
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MT 3: “I attended a workshop that ventured into the frontier of Al in education
technology. ChatGPT stood out as a beacon for elevating math instruction through the
magic of natural language interactions.”

This finding aligns with the autonomy component of SDT, as teachers’ discovery of
ChatGPT through self-initiated efforts indicates a high degree of self-motivation and control
over their professional development. The overall low awareness is visually represented in
Figure 1.

Research Question 2. How frequently do mathematics teachers use Al-based ChatGPT
in mathematics instruction?

The frequency of ChatGPT usage in mathematics instruction is also very low (mean = 1.78,
SD =1.21), as shown in Table 1. Interview responses revealed that while few teachers used
ChatGPT, those who did reported positive outcomes:

MT 1: “ChatGPT has been a game-changer in my teaching. One notable instance was
during a lesson on trigonometry. I integrated ChatGPT to provide real-time explanations
for complex concepts like trigonometric identities. The outcome was remarkable—students
grasped the material more effectively and expressed heightened enthusiasm for tackling
challenging problems.”

MT 5: “ChatGPT was pivotal in a geometry lesson where we explored the Pythagorean
Theorem. Students could interactively engage with ChatGPT to understand the theorem’s
applications and proofs.”

These examples demonstrate that although usage is infrequent, the potential benefits of
integrating ChatGPT into teaching practices are significant. This low utilisation is depicted
in Figure 2. However, from an SDT perspective, these instances of ChatGPT use highlight
the competence component, where teachers feel effective and skilled in their teaching roles
by leveraging innovative tools to enhance student understanding.

Figure 2. Mathematics teachers’ utilisation of Al-based ChatGPT in mathematics instruction.

Research Question 3. What are mathematics teachers’ perceptions regarding the
impact of ChatGPT on mathematics teaching and learning?

Teachers’ perceptions of ChatGPT’s impact on teaching and learning are mixed, with
a grand mean rating of 2.96 (SD = 0.92), as indicated in Table 1. Some teachers appreciated
the efficiency gains:

MT 1: “ChatGPT has significantly enhanced teaching efficiency in mathematics ed-
ucation by providing instant and personalised explanations. This tool allows for quick
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clarification of concepts, saving valuable class time and ensuring that students receive
immediate support tailored to their needs.”

MT 2: “ChatGPT positively streamlines the grading process for math assignments.
With its ability to generate instant feedback on problem-solving attempts, educators can
focus on targeted interventions rather than spending excessive time on manual grading.”

Others raised concerns about the tool’s limitations:

MT 3: “In some cases, the integration of ChatGPT might lead to challenges in adapting
to diverse learning styles. If not properly customised, it may not effectively address the
specific needs of every student, potentially creating a barrier rather than a facilitator in the
teaching process.”

MT 4: “Over-reliance on ChatGPT could lead to a lack of human connection in
teaching. While it offers efficient solutions, the personal touch and nuanced understanding
that educators bring to the classroom might be compromised.”

These insights highlight the varied perceptions and underscore the need for tailored
implementation strategies. The positive perceptions of ChatGPT’s impact align with SDT’s
competence aspect, as teachers feel more capable and supported in their instructional roles.
Conversely, the concerns about its limitations reflect the need for enhanced resources and
training to fully realise these benefits.

Research Question 4. What challenges do mathematics teachers encounter in integrat-
ing Al-based ChatGPT into their mathematics teaching practices?

The extent of the challenges encountered by teachers in integrating ChatGPT is signifi-
cant, with a mean rating of 3.16 (SD = 0.49), as shown in Table 1. Teachers reported issues
such as technological limitations and the need for professional development:

MT 1: “One obstacle in using ChatGPT for math instruction was ensuring it could
handle various mathematical problem types. To overcome this, I conducted extensive
testing with different problem-solving scenarios and provided feedback to refine ChatGPT’s
problem-solving capabilities.”

MT 2: “Personally, I find it a bit challenging to seamlessly integrate ChatGPT into
my lesson plans while ensuring it complements my teaching style. To overcome this, I
collaborated with other educators to share strategies and best practices for seamlessly
incorporating ChatGPT into existing teaching materials.”

These challenges and their corresponding solutions, such as collaboration with col-
leagues and professional development, illustrate the effort required to effectively integrate
new technology into educational practices. These challenges highlight the need for related-
ness in SDT, where support from colleagues and a collaborative professional environment
help teachers overcome obstacles and feel more connected and supported in their roles.

4. Discussion

This study explored teachers’ awareness, usage, perceptions, and challenges related to
Al-based ChatGPT in mathematics teaching and learning. The results of the data analysis
provide valuable insights into the following aspects, as discussed below.

Awareness and Familiarity. The data suggest that math teachers, on average, have a
low awareness of and familiarity with Al-based ChatGPT. The mean rating of 1.93 indicates
that teachers in the area of study are not extensively informed about this technology in the
context of mathematics education. This low level of awareness could be attributed to several
factors, such as a lack of training, insufficient exposure to educational technology, or limited
dissemination of information about Al-based ChatGPT in the educational community. This
finding lends credence to the finding of Adarkwah et al. [54], who, in their study, confirmed
the minimal awareness of ChatGPT among Ghanaian educators meant they did not have a
conceptual understanding of ChatGPT and how it could be applied to learning, teaching
and personal development. On the contrary, the results of Widianingtyas et al. [55] revealed
that a significant proportion of teachers in Malaysia are familiar with ChatGPT and recog-
nise its applicability in pedagogical contexts. Similarly, research by Kitcharoen et al. [65]
emphasised the need for comprehensive professional development to improve teachers’
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familiarity with emerging technologies. However, the semi-interview responses of maths
teachers who know the technology further reveal that their awareness and familiarity with
the Al-based ChatGPT are gained through diverse channels, including personal exploration,
virtual workshops, and colleague recommendations.

Utilisation Patterns. This study indicates that the frequency of utilising ChatGPT
in mathematics instruction is very low (mean = 1.78). The limited integration of Al-
based ChatGPT could be due to the challenges teachers face with technological issues,
or it could be a reflection of the low awareness and familiarity of the Al tool. Strategies
for promoting more frequent utilisation could include targeted training programmes,
peer collaboration, and the development of user-friendly interfaces that facilitate easy
integration into existing teaching practices. However, the semi-interview responses from
maths teachers with knowledge of Al-based tools highlight instances where teachers have
successfully integrated ChatGPT into their teaching practices. These instances include
real-time explanations of trigonometry, fostering interactive online learning during remote
sessions, explaining intricate topics like quadratic functions, and strategic use in homework
assignments. This finding supports the findings of Wardat et al. [37], who, in their study,
revealed the experience of maths teachers who utilised ChatGPT and the Al-based tool is
recognised for its improved math capabilities and ability to increase educational success by
providing users with basic knowledge of mathematics and various topics. The finding also
lends support to the finding of Mondal et al. [56], who, in their study, revealed that teachers
use ChatGPT in the preparation of presentation slides, formulating essay-type, multiple
choice, and viva questions, answering students’ queries, marking, evaluation of answers,
planning a lesson, or creating content for blended learning. Additionally, similar studies
by Jian [66] and Xu [67] have shown that Al tools can enhance classroom engagement and
facilitate personalised learning when effectively integrated.

Perceptions of Impact. Teachers’ perceptions regarding the impact of ChatGPT on
mathematics teaching and learning are rated as a low extent (mean = 2.96). The reasons be-
hind these low perceptions need further exploration. It could be that teachers are uncertain
about the effectiveness of Al-based ChatGPT in enhancing teaching efficiency. Addressing
these concerns may involve showcasing successful case studies, providing evidence of
improved outcomes, and actively involving teachers in implementing ChatGPT in the
classroom. However, despite the low perception, the semi-interview responses from maths
teachers who know ChatGPT shed light on the positive impacts identified. These include
enhanced teaching efficiency, streamlined grading processes, and contributions to lesson-
planning efficiency. Some concerns are raised about challenges in adapting to diverse
learning styles and the potential compromise of the human connection in teaching. This
finding corroborates the result of Widianingtyas et al. [55], who, in their study, reported
a positive perception of teachers concerning the integration of Chat GPT in their instruc-
tion. The finding also aligns with the research conducted by Wang and Demszky [62],
wherein mathematics educators assessed ChatGPT’s effectiveness in elementary mathemat-
ics classrooms. Their findings revealed that although ChatGPT offered valuable insights
for enhancing instruction, the responses were frequently lacking in novelty and depth.
Furthermore, a study by Wardat et al. [68] highlighted the potential of Al tools to signifi-
cantly improve student engagement and learning outcomes, provided that teachers receive
adequate support and training.

Challenges in Integration. This study reveals that maths teachers who know of the Al
tool encountered challenges in integrating ChatGPT into their mathematics teaching prac-
tices to a high extent (mean = 3.16). The semi-interview responses provide specific details
about these challenges, such as handling various mathematical problem types, seamless
integration with existing lesson plans, results produced that are not cited or referenced,
inaccurate responses, integration into collaborative problem-solving sessions, and adapting
to diverse learning styles. Some of the findings on the challenges corroborate the results
of Chinoso et al. [57] and Memarian and Doleck [58], who, in their respective studies,
revealed that some of the problems of ChatGPT are that the results produced by ChatGPT
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are not cited or referenced, plagiarism deception, misuse lack of learning, and inaccu-
rate responses are sometimes offered to individuals or leaners. The maths teachers share
strategies for overcoming these challenges, emphasising the importance of customisation,
technical collaboration, ongoing professional development, OpenAl review of ChatGPT to
provide accurate responses and to cite and reference the produced information, strategies
for student engagement, and adaptability in problem-solving capabilities. Moreover, recent
research by Marin and Castafieda [69] stressed the importance of developing robust digital
literacy among teachers to navigate and mitigate the challenges posed by new technologies
like ChatGPT.

5. Conclusions

In conclusion, while this study indicates a low level of overall awareness, usage, and
positive perceptions of the impact of ChatGPT among mathematics teachers, the qualitative
responses provide a nuanced understanding. Teachers who are aware of and have utilised
ChatGPT perceive it as a valuable tool for enhancing teaching efficiency and student en-
gagement. The challenges identified underscore the need for targeted strategies to address
technical, pedagogical, and customisation issues. This study provides a foundation for
further research and the development of support mechanisms to facilitate the effective
integration of Al-based tools like ChatGPT into mathematics education. However, educa-
tors, administrators, and policymakers should proactively educate themselves and their
students on the ethical use of ChatGPT. It is also important for educators to recognise the
limitations of Al tools, understanding that every technology offers benefits and challenges,
along with its inherent risks.

5.1. Educational Implications

This study emphasises significant educational implications for integrating Al-based
ChatGPT into mathematics teaching in the Nsukka Education Zone of Enugu State, Nigeria.
The identified gaps in teachers’ awareness, usage patterns, perceptions, and challenges
provide valuable insights for strategic educational interventions. This study calls for tar-
geted professional development initiatives to enhance mathematics teachers’ awareness
and proficiency in Al-based tools, specifically ChatGPT. It recommends carefully crafted
workshops, training sessions, and collaborative learning opportunities to bridge knowledge
gaps and equip teachers with essential skills to incorporate these technological advance-
ments effectively. Collaboration between educators and developers is encouraged to design
user-friendly interfaces for Al tools, overcoming barriers hindering teachers from readily
adopting ChatGPT. In order to overcome teachers’ concerns regarding the effectiveness
of Al this study proposes promoting evidence-based advocacy. This involves presenting
successful case studies and demonstrations to build confidence and foster positive percep-
tions. The importance of comprehensive training programmes extending beyond technical
aspects is underscored, addressing broader concerns and empowering teachers to navigate
obstacles in Al integration.

5.2. Limitations

This study is not without limitations. The research recognises a possible limitation
concerning its sample size, which could limit how broadly the findings can be applied.
The results are derived from a particular set of participants and may not comprehensively
reflect all the mathematics teachers across various regions or educational environments.
Therefore, future studies could enhance the robustness of their findings by incorporating
a more diverse participant sample. This would involve considering mathematics teach-
ers from various regions and educational settings, ensuring a broader representation of
perspectives. The research is geographically specific, focusing on the Nsukka Education
Zone in Enugu State, Nigeria. This specificity might limit the applicability of the study’s
implications to a broader range of cultural and educational contexts. Therefore, future
studies might consider expanding their geographical scope to broaden the applicability
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of research implications. Including multiple educational zones or states could provide
a more comprehensive understanding of the impact of Al integration. Acknowledging
the potential for self-reporting bias, mathematics teachers provide the data on which the
study depends. Participants might have offered socially desirable responses or uninten-
tionally misrepresented their experiences with Al tools. Therefore, exploring cross-cultural
variations in integrating Al tools in mathematics education would contribute to a more
comprehensive understanding. Future studies could investigate how cultural nuances
influence the effectiveness and acceptance of Al-based ChatGPT.
Recommendations for Implementation:

e  Educational authorities and institutions should spearhead the organisation of regular
and targeted training programmes, focusing on Al-based tools. These initiatives are
crucial for equipping mathematics teachers with foundational knowledge and practical
skills, fostering a culture of continuous learning in the rapidly evolving landscape of
educational technology.

e Itisimperative to establish robust collaboration channels between educators and Al
developers. This partnership can foster a mutual understanding of the unique needs
and challenges within the educational context, leading to the development of Al tools
that seamlessly align with teachers’ requirements.

e Promoting and facilitating peer collaboration among mathematics teachers is essential.
Platforms that encourage sharing experiences, insights, and best practices in integrat-
ing Al tools can provide valuable support and encouragement. Peer-to-peer learning
is pivotal in overcoming challenges and cultivating a positive attitude towards Al
integration.

e  Prioritising the establishment of robust technical support systems is vital for educa-
tional institutions. Providing prompt and effective technical assistance can significantly
enhance teachers’ confidence in using Al tools, addressing issues as they arise and
ensuring a smoother integration process.
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Appendix A

Mathematics Teachers” Awareness and Perceptions of Al-based ChatGPT Questionnaire
(MTAPACQ)

SECTION A: Demographic information

Gender: Male L] Female []

Location: Urban [ Rural [

Qualification: NCE [ Bsc (Ed.) [ MSc/MED [ php [
SECTION B:



Educ. Sci. 2024, 14, 742

15 of 20

Instruction: You are kindly requested to tick (/) the spaces provided in the questionnaire.

This section is in four segments—namely, Awareness of Al-based ChatGPT, Usage Patterns of
Al-based ChatGPT, Perceptions of ChatGPT Impact, and Challenges in Utilizing ChatGPT.

For each of the statements below, please show to what extent by placing a tick in the

appropriate column to show your perspective about the issues on the usage of ethnomathe-
matics approaches/materials in the teaching and learning of mathematics. The weightings
are as follow: 5 = Very High Extent (VHE), 4 = High Extent (HE), 3 = Neutral (N), 2 = Low
Extent (LE), 1 = Very Low Extent (VLE).

S/N ITEMS VHE HE N LE VLE

Awareness of Al-based ChatGPT

1. To what extent are you aware of Al-based ChatGPT?

2. To what extent are you familiar with the technological tool, ChatGPT?

Usage Patterns of Al-based ChatGPT

3. How frequently do you integrate ChatGPT into your teaching practices?
Perceptions of ChatGPT Impact

4. To what extent is the impact of ChatGPT on teaching efficiency in mathematics?

5. I think ChatGPT is a useful tool for teaching and learning mathematics

6. I am satisfied with the responses I get from ChatGPT in handling my math lesson activities
Challenges in Utilising ChatGPT

7 To what extent have you encountered challenges in integrating ChatGPT into your

mathematics teaching practices?

Appendix B

Transcription of Semi-Structured Interview

1.

Could you elaborate on your level of awareness regarding Al-based ChatGPT and
how you first learned about it?

MT 1: I stumbled upon ChatGPT during my quest for innovative Al tools in education,
struck by its potential to revolutionise how students grasp complex math concepts
and the assistance it has rendered me.

MT 2: In my search for powerful teaching aids in math, ChatGPT emerged as a
revelation, showcasing its knack for tailoring explanations and providing invaluable
assistance in solving mathematical puzzles.

MT 3: I attended a workshop that ventured into the frontier of Al in education
technology. ChatGPT stood out as a beacon for elevating math instruction through
the magic of natural language interactions. It has been wonderful using it as a guide
in my lesson preparations.

MT 4: I was ushered into ChatGPT by my esteemed colleagues in math education, who
underscored its pivotal role in nurturing students” comprehension of mathematical
principles.

MT 5: I learned about the Al-based tool when I joined conversations with my fellow
math educators who passionately discussed ChatGPT, unveiling its transformative
role in crafting interactive and personalised learning adventures.

If you have used ChatGPT in your teaching, could you describe specific instances or
lessons where you integrated ChatGPT, and the outcomes observed?

MT 1: Absolutely, ChatGPT has been a game-changer in my teaching. One notable in-
stance was during a lesson on trigonometry. I integrated ChatGPT to provide real-time
explanations for complex concepts like trigonometric identities. The outcome was
remarkable - students grasped the material more effectively and expressed heightened
enthusiasm for tackling challenging problems.
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MT 2: In remote learning, I seamlessly integrated ChatGPT as a resource for instant
clarification on math problems. Students could ask questions during virtual lessons,
and ChatGPT provided immediate responses. The outcome was a more interactive
online learning environment, fostering student engagement and participation.

MT 3: During a unit on functions, I employed ChatGPT to explain intricate topics like
quadratic functions and graphing. The outcome was increased student comprehen-
sion, particularly among those who found the concepts challenging. The interactive
and conversational nature of ChatGPT helped demystify complex mathematical ideas.
MT 4: Incorporating ChatGPT into homework assignments was a strategic move. I
provided students with varied practice opportunities by generating additional math
problems using ChatGPT. The observed outcome was improved problem-solving
skills and a notable increase in student interest and enthusiasm for completing assign-
ments.

MT 5: ChatGPT was pivotal in a geometry lesson where we explored the Pythagorean
Theorem. Students could interactively engage with ChatGPT to understand the the-
orem’s applications and proofs. The outcome was a classroom filled with students
who comprehended the theorem and were eager to explore more geometric concepts
collaboratively.

In your view, how does ChatGPT positively or negatively affect teaching efficiency in
the context of mathematics education?

MT 1: ChatGPT has significantly enhanced teaching efficiency in mathematics educa-
tion by providing instant and personalised explanations. This tool allows for quick
clarification of concepts, saving valuable class time and ensuring that students receive
immediate support tailored to their needs.

MT 2: ChatGPT positively streamlines the grading process for math assignments. With
its ability to generate instant feedback on problem-solving attempts, educators can fo-
cus on targeted interventions rather than spending excessive time on manual grading.
This enhances efficiency and allows for more timely and constructive feedback.

MT 3: In some cases, the integration of ChatGPT might lead to challenges in adapting
to diverse learning styles. If not properly customised, it may not effectively address
the specific needs of every student, potentially creating a barrier rather than a facilita-
tor in the teaching process.

MT 4: Over-reliance on ChatGPT could lead to a lack of human connection in teaching.
While it offers efficient solutions, the personal touch and nuanced understanding that
educators bring to the classroom might be compromised, potentially affecting the
overall effectiveness of the learning experience.

MT 5: ChatGPT positively contributes to lesson planning efficiency. Educators can use
the tool to quickly generate additional practice problems, quizzes, and explanations,
saving time on resource creation. This allows more focus on instructional strategies
and addressing student needs during class.

If you have faced challenges integrating ChatGPT into your teaching, could you describe
these challenges in detail and state how you addressed or overcame the challenges?
MT 1: One obstacle in using ChatGPT for math instruction was ensuring it could
handle various mathematical problem types. To overcome this, I conducted extensive
testing with different problem-solving scenarios and provided feedback to refine
ChatGPT’s problem-solving capabilities. This iterative process helped enhance Chat-
GPT’s versatility, making it a more adaptive and valuable resource for addressing
diverse math challenges in the classroom. Again, another challenge observed was that
the results produced by ChatGPT are not cited or referenced, increasing the chances
of plagiarism. OpenAl can review the chatbot by reworking ChatGPT to cite and
reference their sources of information.

MT 2: Personally, I find it a bit challenging to seamlessly integrate ChatGPT into
my lesson plans while ensuring it complements my teaching style. Striking the right
balance between traditional methods and this new technology is something I'm work-
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ing on. To overcome this, I collaborated with other educators to share strategies and
best practices for seamlessly incorporating ChatGPT into existing teaching materials,
ensuring a cohesive learning experience. Also, I feel there’s a gap in my training
regarding Al integration. Continuous professional development in this area is crucial.
I'd benefit from more workshops or courses to boost my confidence and competence
in effectively using ChatGPT.

MT 3: I've faced problems when the school’s technology, like the internet or devices,
isn’t working well. Sometimes, it’s too slow, or the devices don’t work with the
teaching tools like ChatGPT. This causes interruptions in the lesson. I'm currently
dealing with these issues and trying to improve our technology resources so that
using tools like ChatGPT becomes smoother in the future. I also noticed another
challenge of inaccurate responses from the Al tool. As a solution to this challenge, IT
personnel in charge of ChatGPT can revise the tool to produce correct responses.
MT 4: I had a hard time adding ChatGPT to group problem-solving activities with
students. Making the Al tool work smoothly while the students were working to-
gether to solve problems was tricky. To address this, I developed structured activities
that encouraged students to work together while using ChatGPT as a supplementary
tool for guidance. This approach facilitated teamwork and enhanced students’ collab-
orative problem-solving skills, turning the initial challenge into an opportunity for
fostering effective group learning in mathematics.

MT 5: I've always tried to make math lessons fit each student’s individual needs. But
now, using ChatGPT to match how each student learns is challenging. It’s like trying
to figure out how to use this new technology in a way that helps every student learn
better, considering their different styles of learning. To address this, I conducted a
survey to understand individual preferences. By customising the way ChatGPT inter-
acted with students based on their preferences, I was able to create a more inclusive
and effective learning environment.

References

1.

10.

11.

Nzeadibe, A.C.; Egara, F.O.; Inweregbuh, C.O.; Osakwe, L]. Effect of problem-solving and collaborative strategy on secondary
school students’ retention in geometry. Afr. J. Sci. Technol. Math. Educ. 2020, 5, 9-20.

Okeke, AM.; Egara, EO.; Orga, A.C.; Chinweike, ].N. Effect of symbolic form model on senior secondary school students’
self-efficacy in logic content of mathematics curriculum. Int. J. Multicult. Educ. 2023, 25, 363-381. Available online: http:
/ /www.ijmejournal.org/ijme/index.php/ijme/article /view /712022 /712022.html (accessed on 15 November 2023).

Osakwe, L].; Egara, F.O.; Nzeadibe, A.C.; Okeke, A.M.; Agugoesi, O.].; Odo, 1.O.; Chinweike, ].N.; Owolawi, O.; Emeji, L.E.;
Ogbu, S.; et al. Multiple solution tasks: An approach for enhancing secondary school students” mathematical creativity. Multicult.
Educ. 2023, 9, 10-18. Available online: https://mc-caddogap.com/wp-content/uploads/galleyproof-2-mc-9-2.pdf (accessed on 2
December 2023).

Mary, O.A.; Obun, A.O.V,; Egara, FO.; Orga, C.A.; Osakwe, ].I.; Odo, 1.O.; Nzeadibe, A.C.; Kwalat, S.K.; Inweregbuh, C.O.;
Sunday, O.; et al. Effect of spaced learning on primary school pupils’ interest and retention in mathematics. Multicult. Educ. 2022,
8,2022. [CrossRef]

Egara, FO.; Mosimege, M.D. Gender difference in secondary school students’ retention in algebra: A computer simulation
approach. Eurasia J. Math. Sci. Technol. Educ. 2023, 19, em2290. [CrossRef]

Osakwe, 1].; Egara, F.O.; Inweregbuh, O.C.; Nzeadibe, A.C.; Emefo, C.N. Interaction patterns: An approach for enhancing
students’ retention in geometric construction. Int. Electron. J. Math. Educ. 2022, 18, em0720. [CrossRef]

Egara, F.O.; Nzeadibe, A.C.; Okeke, M. A. Effect of Computer Simulation on Junior Secondary School Students” Achievement in
Algebra. Afr. J. Sci. Technol. Math. Educ. 2018, 4, 84-94.

Evans, G.U.E,; Ekpofia, C.A.; Thompson, M.E. The Influence of Primary School Background on Students” Achievement in Junior
Secondary School Mathematics in Akwa. IOSR . Res. Method Educ. 2019, 9, 1-7. [CrossRef]

Nurbavliyev, O.; Kaymak, S.; Almas, A.; Abedi, M.O. Effect of Two Meta-Cognitive Strategies on Students” Achievement in
Mathematics. ]. CUDIMAC 2019, 7, 43-57. [CrossRef]

Okeke, A.M.,; Egara, F.O.; Orga, A.C.; Nzeadibe, A.C. Effect of symbolic form model on students’ interest in logic content of the
mathematics curriculum. Pedagog. Res. 2023, 8, em0159. [CrossRef]

Inweregbuh, O.C.; Ugwuanyi, C.C.; Nzeadibe, A.C.; Egara, F.O.; Emeji, L.E. Teachers’ Practices of Creativity in Mathematics
Classroom in Basic Education. Int. ]. Res. Publ. 2020, 55, 8. [CrossRef]


http://www.ijmejournal.org/ijme/index.php/ijme/article/view/712022/712022.html
http://www.ijmejournal.org/ijme/index.php/ijme/article/view/712022/712022.html
https://mc-caddogap.com/wp-content/uploads/galleyproof-2-mc-9-2.pdf
https://doi.org/10.5281/zenodo.6350547
https://doi.org/10.29333/ejmste/13280
https://doi.org/10.29333/iejme/12596
https://doi.org/10.9790/7388-0901040107
https://doi.org/10.47344/iysw.v9i0.173
https://doi.org/10.29333/pr/13077
https://doi.org/10.47119/ijrp100551620201254

Educ. Sci. 2024, 14, 742 18 of 20

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Malik, N.; Ansah, E.; Sarfo, ].O.; Garcia-Santillan, A.; Adusei, H.; Molchanova, V.S.; Drushlyak, M.; Semenikhina, O.; Donyeh,
PS.A.; Zand, S.F; et al. Gender Differences in Mathematics Anxiety Across Cultures: A Univariate Analysis of Variance Among
Samples from Twelve Countries. Eur. ]. Contemp. Educ. 2020, 9, 878-885. [CrossRef]

Sule, S.S. Examination of causes and Effects of Anxiety on Secondary School Students’ Poor Academic Performance in Mathematics.
Int. J. Acad. Res. Educ. 2017, 3, 1-6. [CrossRef]

Mosimege, M.; Egara, F. Improving secondary school students” achievement in trigonometry using game based learning approach.
In Proceedings of the 15th International Conference on Education and New Learning Technologies, Palma, Spain, 3-5 July 2023;
pp. 8556-8565.

Etcuban, J.O.; Peteros, E.; Gamboa, A.; Dinauanao, A.; Sitoy, R.; Arcadio, R. Factors affecting mathematics performance of junior
high school students. Int. Electron. . Math. Educ. 2019, 15, em0556. [CrossRef] [PubMed]

Anshori, I. Improvement of Mathematics Teacher Performance Through Academic Supervision With Collaborative Approaches.
Int. J. Educ. Res. Rev. 2020, 5, 227-242. [CrossRef]

Arthur, Y.D.; Dogbe, C.S.K.; Asiedu-Addo, S.K. Enhancing Performance in Mathematics Through Motivation, Peer Assisted
Learning, And Teaching Quality: The Mediating Role of Student Interest. Eurasia J. Math. Sci. Technol. Educ. 2022, 18, em2072.
[CrossRef] [PubMed]

Awudi, B.; Danso, S. Improving students” performance and conceptual understanding of heat transfer using demonstration
method. J. Math. Sci. Teach. 2023, 3, em037. [CrossRef] [PubMed]

Bringula, R.; Reguyal, ].J.; Tan, D.D.; Ulfa, S. Mathematics self-concept and challenges of learners in an online learning environment
during COVID-19 pandemic. Smart Learn. Environ. 2021, 8, 22. [CrossRef]

Egara, F.O.; Eseadi, C.; Nzeadibe, A.C. Effect of Computer Simulation on Secondary School Students’ Interest in Algebra. Educ.
Inf. Technol. 2021, 27, 5457-5469. [CrossRef]

Hamzah, H.; Tambak, S.; Hamzah, M.L.; Purwati, A.A.; Irawan, Y.; Umam, M.LH. Effectiveness of blended learning model based
on problem-based learning in islamic studies course. Int. . Instr. 2022, 15, 775-792. [CrossRef]

Khadjieva, I.; Khadjikhanova, S. Flipped classroom strategy effects on students” achievements and motivation: Evidence from
CPFS level 2 students at Wiut. Eur. J. Res. Reflect. Educ. Sci. 2019, 7, 120-130. Available online: www.idpublications.org (accessed
on 2 December 2023).

Singh, J.; Steele, K.; Singh, L. Combining the Best of Online and Face-to-Face Learning: Hybrid and Blended Learning Approach
for COVID-19, Post Vaccine, & Post-Pandemic World. J. Educ. Technol. Syst. 2021, 50, 140-171. [CrossRef]

Abedi, E.A. Tensions between technology integration practices of teachers and ICT in education policy expectations: Implications
for change in teacher knowledge, beliefs and teaching practices. J. Comput. Educ. 2023, 1-20. [CrossRef]

Fabian, K.; Topping, K.J.; Barron, I.G. Using mobile technologies for mathematics: Effects on student attitudes and achievement.
Educ. Technol. Res. Dev. 2018, 66, 1119-1139. [CrossRef]

Darling-Hammond, L.; Flook, L.; Cook-Harvey, C.; Barron, B.; Osher, D. Implications for educational practice of the science of
learning and development. Appl. Dev. Sci. 2020, 24, 97-140. [CrossRef]

Mhlongo, S.; Mbatha, K.; Ramatsetse, B.; Dlamini, R. Challenges, opportunities, and prospects of adopting and using smart
digital technologies in learning environments: An iterative review. Heliyon 2023, 9, e16348. [CrossRef] [PubMed]

Ahmad, T.; Zhu, H.; Zhang, D.; Tariq, R.; Bassam, A ; Ullah, E; AlGhamdji, A.S.; Alshamrani, S.S. Energetics Systems and artificial
intelligence: Applications of industry 4.0. Energy Rep. 2022, 8, 334-361. [CrossRef]

Mikalef, P.; Gupta, M. Artificial intelligence capability: Conceptualization, measurement calibration, and empirical study on its
impact on organizational creativity and firm performance. Inf. Manag. 2021, 58, 103434. [CrossRef]

Celik, I; Dindar, M.; Muukkonen, H.; Jarveld, S. The Promises and Challenges of Artificial Intelligence for Teachers: A Systematic
Review of Research. TechTrends 2022, 66, 616—-630. [CrossRef]

McGrath, C.; Pargman, T.C.; Juth, N.; Palmgren, PJ. University teachers’ perceptions of responsibility and artificial intelligence in
higher education—An experimental philosophical study. Comput. Educ. Artif. Intell. 2023, 4. [CrossRef]

Hidayat, R.; bin Mohamed, M.Z.; Suhaizi, N.N.B.; Sabri, N.B.M.; bin Mahmud, M.K.H.; Baharuddin, S.N.B. Artificial intelligence
in mathematics education: A systematic literature review. Int. Electron. |. Math. Educ. 2022, 17, em0694. [CrossRef] [PubMed]
Garcia-Martinez, I.; Fernandez-Batanero, ].M.; Fernandez-Cerero, J.; Ledn, S.P. Analysing the Impact of Artificial Intelligence and
Computational Sciences on Student Performance: Systematic Review and Meta-analysis. J. New Approaches Educ. Res. 2023, 12,
171-197. [CrossRef]

Seo, K.; Tang, J.; Roll, I; Fels, S.; Yoon, D. The impact of artificial intelligence on learner-instructor interaction in online learning.
Int. J. Educ. Technol. High. Educ. 2021, 18, 54. [CrossRef]

Sarker, I.H. Al-Based Modeling: Techniques, Applications and Research Issues Towards Automation, Intelligent and Smart
Systems. SN Comput. Sci. 2022, 3, 158. [CrossRef]

Owan, VJ.; Abang, K.B; Idika, D.O.; Etta, E.O.; Bassey, B.A. Exploring the potential of artificial intelligence tools in educational
measurement and assessment. Eurasia J. Math. Sci. Technol. Educ. 2023, 19, em2307. [CrossRef] [PubMed]

Wardat, Y.; Tashtoush, M.A.; AlAli, R.; Jarrah, A.M. ChatGPT: A revolutionary tool for teaching and learning mathematics. Eurasia
J. Math. Sci. Technol. Educ. 2023, 19, em2286. [CrossRef] [PubMed]

Lo, C.K. What Is the Impact of ChatGPT on Education? A Rapid Review of the Literature. Educ. Sci. 2023, 13, 410. [CrossRef]


https://doi.org/10.13187/ejced.2020.4.878
https://doi.org/10.17985/ijare.398823
https://doi.org/10.29333/iejme/5938
https://www.ncbi.nlm.nih.gov/pubmed/38892125
https://doi.org/10.24331/ijere.735935
https://doi.org/10.29333/ejmste/11509
https://www.ncbi.nlm.nih.gov/pubmed/38769128
https://doi.org/10.29333/mathsciteacher/13164
https://www.ncbi.nlm.nih.gov/pubmed/38849428
https://doi.org/10.1186/s40561-021-00168-5
https://doi.org/10.1007/s10639-021-10821-8
https://doi.org/10.29333/iji.2022.15242a
www.idpublications.org
https://doi.org/10.1177/00472395211047865
https://doi.org/10.1007/s40692-023-00296-6
https://doi.org/10.1007/s11423-018-9580-3
https://doi.org/10.1080/10888691.2018.1537791
https://doi.org/10.1016/j.heliyon.2023.e16348
https://www.ncbi.nlm.nih.gov/pubmed/37274691
https://doi.org/10.1016/j.egyr.2021.11.256
https://doi.org/10.1016/j.im.2021.103434
https://doi.org/10.1007/s11528-022-00715-y
https://doi.org/10.1016/j.caeai.2023.100139
https://doi.org/10.29333/iejme/12132
https://www.ncbi.nlm.nih.gov/pubmed/38802497
https://doi.org/10.7821/naer.2023.1.1240
https://doi.org/10.1186/s41239-021-00292-9
https://doi.org/10.1007/s42979-022-01043-x
https://doi.org/10.29333/ejmste/13428
https://www.ncbi.nlm.nih.gov/pubmed/38862528
https://doi.org/10.29333/ejmste/13272
https://www.ncbi.nlm.nih.gov/pubmed/38858567
https://doi.org/10.3390/educsci13040410

Educ. Sci. 2024, 14, 742 19 of 20

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

Javaid, M.; Haleem, A; Singh, R.P; Khan, S.; Khan, L. H. Unlocking the opportunities through ChatGPT Tool towards ameliorating
the education system. BenchCouncil Trans. Benchmarks Stand. Eval. 2023, 3, 100115. [CrossRef]

Igbal, N.; Ahmed, H.; Azhar, K.A. Exploring teachers” attitudes towards using chatgpt. Glob. . Manag. Adm. Sci. 2022, 3, 97-111.
[CrossRef]

Firaina, R.; Sulisworo, D. Exploring the Usage of ChatGPT in Higher Education: Frequency and Impact on Productivity. Bul.
Edukasi Indones. 2023, 2, 39-46. [CrossRef]

Naidu, K.; Sevnarayan, K. ChatGPT: An ever-increasing encroachment of artificial intelligence in online assessment in distance
education. Online . Commun. Media Technol. 2023, 13, €202336. [CrossRef]

Ferlazzo, L. How Teachers Are Using Artificial Intelligence in Classes Today. EducationWeek, 2023. Available online: https:
/ /www.edweek.org/technology/opinion-how-teachers-are-using-artificial-intelligence-in-classes-today /2023 /05 (accessed on
23 January 2024).

Harris, M. 50 ChatGPT Prompts for Teachers. Teach. Channel, 2023. Available online: https://www.teachingchannel.com/k12-
hub/blog/50-chat-gpt-prompts-for-teachers/ (accessed on 5 January 2024).

Moore, K. Using ChatGPT in Math Lesson Planning. Edutopia, 2023. Available online: https:/ /www.edutopia.org/article/using-
chatgpt-plan-high-school-math-lessons/ (accessed on 15 January 2024).

Dilmegani, C. ChatGPT Education Use Cases, Benefits & Challenges in 2023. AIMultiple, 2023. Available online: https:
/ /research.aimultiple.com/chatgpt-education/ (accessed on 3 February 2024).

Pittalwala, I. Is ChatGPT a Threat to Education? UCRiverside, 2023. Available online: https://news.ucr.edu/articles/2023/01/24
/chatgpt-threat-education (accessed on 4 January 2024).

Yu, H. The application and challenges of ChatGPT in educational transformation: New demands for teachers’ roles. Heliyon 2024,
10, €24289. [CrossRef]

Kiling, S. Embracing the Future of Distance Science Education: Opportunities and Challenges of ChatGPT Integration. Asian J.
Distance Educ. 2023, 18, 205-237.

Lai, C.Y.; Cheung, K.Y.; Chan, C.S. Exploring the role of intrinsic motivation in ChatGPT adoption to support active learning: An
extension of the technology acceptance model. Comput. Educ. Artif. Intell. 2023, 5, 100178. [CrossRef]

Sumin, H.; Hyeongjong, H. Analyzing Perceptions and Educational Needs of Elementary School Teachers for Using ChatGPT in
Education. J. Korean Assoc. Comput. Educ. 2023, 26, 51-63. [CrossRef]

Ogurlu, U.; Mossholder, J. The Perception of ChatGPT among Educators: Preliminary Findings. Res. Soc. Sci. Technol. 2023, 8,
196-215. [CrossRef]

Mai, D.T.T; Van Da, C.; Van Hanh, N. The use of ChatGPT in teaching and learning: A systematic review through SWOT analysis
approach. Front. Educ. 2024, 9, 1328769. [CrossRef]

Adarkwah, M.A.; Amponsah, S.; van Wyk, M.M.; Huang, R.; Tlili, A.; Shehata, B.; Metwally, A.H.S.; Wang, H. Awareness and
acceptance of ChatGPT as a generative conversational Al for transforming education by Ghanaian academics: A two-phase study.
J. Appl. Learn. Teach. 2023, 6, 1-16. [CrossRef]

Widianingtyas, N.; Mukti, TW.P; Silalahi, R.M.P. ChatGPT in Language Education: Perceptions of Teachers—A Beneficial Tool or
Potential Threat? Voices Engl. Lang. Educ. Soc. 2023, 7, 279-290. [CrossRef]

Mondal, H.; Marndi, G.; Behera, ].K.; Mondal, S. ChatGPT for Teachers: Practical Examples for Utilizing Artificial Intelligence for
Educational Purposes. Indian |. Vasc. Endovasc. Surg. 2023, 10, 200-205. [CrossRef]

Chinonso, O.E.; Theresa, A.M.-E.; Aduke, T.C. ChatGPT for Teaching, Learning and Research: Prospects and Challenges. Glob.
Acad. . Humanit. Soc. Sci. 2023, 5, 33-40. [CrossRef]

Memarian, B.; Doleck, T. ChatGPT in education: Methods, potentials, and limitations. Comput. Hum. Behav. Artif. Humans 2023, 1,
100022. [CrossRef]

Getenet, S. Pre-service teachers and ChatGPT in multistrategy problem-solving: Implications for mathematics teaching in primary
schools. Int. Electron. |. Math. Educ. 2024, 19, em0766. [CrossRef] [PubMed]

Sanchez-Ruiz, L.M.; Moll-Lépez, S.; Nuiiez-Pérez, A.; Morafio-Fernandez, J.A.; Vega-Fleitas, E. ChatGPT Challenges Blended
Learning Methodologies in Engineering Education: A Case Study in Mathematics. Appl. Sci. 2023, 13, 6039. [CrossRef]

Yilmaz, H.; Maxutov, S.; Baitekov, A.; Balta, N. Student Attitudes towards Chat GPT: A Technology Acceptance Model Survey. Int.
Educ. Rev. 2023, 1, 57-83. [CrossRef]

Wang, R.; Demszky, D. Is ChatGPT a good teacher coach? Measuring zero-shot performance for scoring and providing actionable
insights on classroom instruction. In Proceedings of the 18th Workshop on Innovative Use of NLP for Building Educational
Applications (BEA 2023), Toronto, ON, Canada; 2023; pp. 626-667. [CrossRef]

Creswell, ].W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches, 5th ed.; Sage Publications: Newcastle upon
Tyne, UK, 2018.

Nguyen, T.C. University teachers’ perceptions of using ChatGPT in language teaching and assessment. Proc. Asiacall Int. Conf.
2024, 4, 116-128. [CrossRef]

Kitcharoen, P.; Howimanporn, S.; Chookaew, S. Enhancing Teachers” AI Competencies through Artificial Intelligence of Things
Professional Development Training. Int. J. Interact. Mob. Technol. (iJIM) 2024, 18, 4-15. [CrossRef]

Jian, M.].K.O. Personalized learning through Al Adv. Eng. Innov. 2023, 5, 16-19. [CrossRef]

Xu, Z. Al in education: Enhancing learning experiences and student outcomes. Appl. Comput. Eng. 2024, 51, 104-111. [CrossRef]


https://doi.org/10.1016/j.tbench.2023.100115
https://doi.org/10.46568/gjmas.v3i4.163
https://doi.org/10.56741/bei.v2i01.310
https://doi.org/10.30935/ojcmt/13291
https://www.edweek.org/technology/opinion-how-teachers-are-using-artificial-intelligence-in-classes-today/2023/05
https://www.edweek.org/technology/opinion-how-teachers-are-using-artificial-intelligence-in-classes-today/2023/05
https://www.teachingchannel.com/k12-hub/blog/50-chat-gpt-prompts-for-teachers/
https://www.teachingchannel.com/k12-hub/blog/50-chat-gpt-prompts-for-teachers/
https://www.edutopia.org/article/using-chatgpt-plan-high-school-math-lessons/
https://www.edutopia.org/article/using-chatgpt-plan-high-school-math-lessons/
https://research.aimultiple.com/chatgpt-education/
https://research.aimultiple.com/chatgpt-education/
https://news.ucr.edu/articles/2023/01/24/chatgpt-threat-education
https://news.ucr.edu/articles/2023/01/24/chatgpt-threat-education
https://doi.org/10.1016/j.heliyon.2024.e24289
https://doi.org/10.1016/j.caeai.2023.100178
https://doi.org/10.32431/kace.2023.26.4.006
https://doi.org/10.46303/ressat.2023.39
https://doi.org/10.3389/feduc.2024.1328769
https://doi.org/10.37074/jalt.2023.6.2.26
https://doi.org/10.29408/veles.v7i2.20326
https://doi.org/10.4103/ijves.ijves_37_23
https://doi.org/10.36348/gajhss.2023.v05i02.001
https://doi.org/10.1016/j.chbah.2023.100022
https://doi.org/10.29333/iejme/14141
https://www.ncbi.nlm.nih.gov/pubmed/38898154
https://doi.org/10.3390/app13106039
https://doi.org/10.58693/ier.114
https://doi.org/10.48550/arXiv.2306.03090
https://doi.org/10.54855/paic.2349
https://doi.org/10.3991/ijim.v18i02.46613
https://doi.org/10.54254/2977-3903/5/2023039
https://doi.org/10.54254/2755-2721/51/20241187

Educ. Sci. 2024, 14, 742 20 of 20

68. Wardat, Y.; Tashtoush, M.; Alali, R.; Saleh, S. Artificial Intelligence in Education: Mathematics Teachers” Perspectives, Practices
and Challenges. Iraqi |. Comput. Sci. Math. 2024, 5, 60-77. [CrossRef]

69. Marin, VI.; Castafieda, L. Developing Digital Literacy for Teaching and Learning. In Handbook of Open, Distance and Digital
Education; Springer: Berlin/Heidelberg, Germany, 2023; pp. 1089-1108. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.52866/ijcsm.2024.05.01.004
https://doi.org/10.1007/978-981-19-2080-6_64

	Introduction 
	Benefits and Challenges of ChatGPT in Mathematics Education 
	Theoretical Framework 
	Reviewed Studies 
	Research Questions 

	Materials and Methods 
	Design 
	Participants 
	Method of Data Collection 
	Data Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Conclusions 
	Educational Implications 
	Limitations 

	Appendix A
	Appendix B
	References

