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 The development of IT affects society in general and the education sector in 
particular. The emergence of AI (in particular ChatGPT), which is constantly 
being improved, already causes specific problems in the organization and 
administration of the educational process. Still, the peculiarities of its functioning 
make it possible to perceive ChatGPT as learning means in the pre-service 
mathematics teachers’ training. The article presents the results of a study that 
answers the following questions: (1) "Can ChatGPT be a digital platform that 
generates pupils' answers (secondary school)? - Yes"; (2) "Are students (pre-
service mathematics teachers) prepared to check answers that ChatGPT generates? 
- Yes"; (3) "Does checking answers that ChatGPT generates affect the 
development of students' critical thinking? - Yes". The study involved a 
pedagogical experiment in which authors described how ChatGPT generates 
solutions to math problems and what mistakes it makes. We ensured that students 
sometimes find mathematical mistakes in the answers generated by ChatGPT, but 
repeated use of ChatGPT shows its positive impact on the development of pre-
service mathematics teachers’ critical thinking. 

Keywords: ChatGPT, pre-service mathematics teachers, critical thinking, math 
mistakes, ChatGPT-based simulation, artificial intelligence, education 

INTRODUCTION 

Today, the education sector is actively use information technologies, the 
implementation of which is discussed on various digital platforms and analyzed in more 
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depth by the academic community. Recently, researchers have noted the popularity of 
artificial intelligence (AI) in education, which is developing rapidly but has yet to be 
sufficiently studied at the level of educational practices. It has already led to some 
challenges (Stoker-Walker, 2022; Zhai, 2023) and questions, such as how to distinguish 
reliable information from deception and misinformation (Rusandi et al., 2023); how to 
ethically evaluate work done by AI-generated rather than by students (Mhlanda, 2023); 
what potential implications the evaluation of AI-generated work may have (Rudolph, 
2023); how AI will affect scientific integrity (Cotton, 2023; Shiri, 2023).  

Scientists also touch on the problem of developing students' thinking skills (Susjak, 
2022). They are one of the most frequently mentioned competencies considered 
essential for academic and career success, and they play a central role in logical 
thinking, decision-making, and problem-solving (Altun & Yildirim, 2023). Critical 
thinking is essential for all professionals, without exception. Its presence is significant 
in the work of teachers, as every day, teachers have to check pupils' works, evaluate 
answers, point out mistakes, and correct them (with reasoning) (Palavan, 2020). As 
scientists continue to record the widespread and active use of IT in education, the issue 
of finding positive practices in the use of AI and the development of pre-service 
teachers’ critical thinking are issues that require comprehensive research. An analysis of 
existing practices shows, in particular, that attention is paid to developing critical 
thinking skills among students for the effective use of AI (Rusandi et al., 2023). At the 
same time, we did not find any scientific results that would describe the use of ChatGPT 
as means for organizing quasi-professional practice (as simulation-based learning (Ören 
et al., 2017) for pre-service mathematics teachers. 

Research Goal and Questions 

Given the limited number of studies that have examined the effects of using the 
ChatGPT to prepare mathematics teachers, this study will examine this avenue. To 
verify this, we try to answer the following research questions. 

Research question 1 – Can ChatGPT be a digital platform that generates pupils' answers 
(secondary school)? 

Research question 2 – Are students (pre-service mathematics teachers) prepared to 
check answers that ChatGPT generates? 

Research question 3 – Does checking answers that ChatGPT generates affect the 
development of students' critical thinking? 

Literature Review 

Possibilities of using ChatGPT as learning means 

At the beginning of 2023, GPT (Generative Pre-training Transformer) gained 
popularity. It is a type of Artificial Intelligence (AI) that utilizes machine learning 
algorithms to generate text in natural language. Starting from February 18, 2023, this 
service became available in Ukraine, and it began to be used in the educational process 
not only worldwide (Adipat, 2023; AlKanaan, 2022; Elgohary & Al-Dossary, 2023; 
Nurhasan et al., 2022) but also in Ukraine (Baibakova & Hasko, 2023; Golub et al., 
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2023; Melnyk, 2023; Podlasov & Matviichuk, 2023; Shulzhenko et al., 2023; Shyshkina 
& Nosenko, 2023; Sisilitsyn & Osadchyi, 2023; Yandola, 2023). 

Developers of ChatGPT envisioned various capabilities, including text completion, 
essay, and story, social media post writing, summarization, classification, paraphrasing, 
translation, question answering (providing medical advice, expressing opinions on 
subjective topics), composing emails, generating code in different programming 
languages, and analyzing communication tone (Nanovska, 2023). Ideas for using 
ChatGPT as a language learning tool (Kohnke et al., 2023; Nugroho et al., 2023), 
programming (Hartley et al., 2024), flipped learning means (Li, 2023) are proposed.  

We review several studies on using ChatGPT as math learning means. O. Taani and 
S. Alabidi (2024) see ChatGPT-using in generating examples, assessing difficulty, 
providing explanations, supporting problem-solving, and test preparation. Other 
researchers argue that “the use of ChatGPT as a teaching tool in mathematics 
instruction has the potential to enhance student performance, but the role of the 
instructor remains crucial in delivering in-depth instruction. While ChatGPT can 
provide information, explanations, and support, the combination of human expertise and 
ChatGPT’s capabilities holds greater potential for improving students’ understanding of 
mathematics” (Dadan et al., 2024). 

However, as highlighted in the findings (Gao et al., 2023), ChatGPT needs an 
understanding of the meanings of the words it processes. While AI recognizes patterns 
and generates plausible responses, it does not comprehend the concepts it operates with 
(Bogost, 2022). ChatGPT provides responses likely based on learned patterns, which 
could be a source of potential mistakes or inaccuracies. It is important to note that 
ChatGPT is "dependent" on the correctness of the prompt formulation, available hints, 
or clarifications. The mentioned aspects and the authors' experience in 
"communicating" with ChatGPT have inspired using ChatGPT as a digital tool in 
mathematics teachers' preparation. 

ChatGPT for the development of mathematics teachers’ critical thinking 

Critical thinking, as a specific type of thinking, is characterized by the ability to identify 
flaws in reasoning or conclusions. An analysis of definitions of critical thinking 
indicates that it is an active, thoughtful, and purposeful process that occurs during the 
interpretation and evaluation of information and experience to clarify or enhance 
understanding of something (Pnevmatikos et al., 2023; Altun & Yildirim, 2023). Such a 
process is only possible with the skills to analyze facts, evaluate arguments, justify 
positions, make comparisons, and predict consequences (Arisoy & Aybek, 2021) and 
the ability to interpret arguments and draw conclusions to support one's judgments 
(Facione, 2015). 

As (Kozachenko, 2017) points out, critical thinking is only possible with an intellectual 
foundation, which includes a sufficient level of general and specific knowledge, 
mastery of basic methods of cognitive activity and logical argumentation, and 
proficiency in effective problem-solving techniques. Applying these principles to the 
professional training of a mathematics teacher, it becomes clear that the development of 



156                        ChatGPT-Based Simulation Helps to Develop the Pre-Service … 

 

International Journal of Instruction, January 2025 ● Vol.18, No.1 

critical thinking in mathematics learning typically occurs when solving mathematical 
(computational, logical, graphical, etc.) problems or through verification of solutions 
from others. AI can generate solutions that can be used as school student-answer 
simulations, and, therefore, it can be a digital tool in professional development. 

ChatGPT-based simulation in pre-service teachers’ preparation 

Simulation-based learning replicates certain aspects of reality to shape and develop 
specific professional skills (Cruz & Patterson, 2005), for example, in solving typical 
tasks in a particular field. Simulation in the educational process is considered a teaching 
method that facilitates the acquisition of target complex skills (Cook, 2014). The 
effectiveness of simulation is associated with the ability to create diverse situations that 
allow the acquisition of quasi-professional experience (Theelen et al., 2019). Compared 
to traditional teaching, simulation has more potential for developing practical skills, 
generating ideas, and demonstrating abilities (Theelen et al., 2019; Chernikova et al., 
2020). Using simulations improves the understanding of acquired knowledge and skills, 
identifies gaps in the system of professional skills, and allows addressing them during 
the professional training stage (Levin & Flavian, 2020). In particular, the research 
conducted by B. Banić et al. (2023) has demonstrated that ChatGPT can serve as a 
simulation tool in training future programmers. The generalization of these results 
suggests the possibility and potential usefulness of using AI in math teacher training. 
ChatGPT can be a virtual environment that proposes the simulation of problem-solving 
and further solution analysis, forming the basis for developing students' critical 
thinking. 

METHOD 

Research Methodology 

Participants 

The study was conducted at Sumy State Pedagogical University in 2023. The 
experiment involved students majoring in secondary education (mathematics). The total 
number of participants was 32, including 14 3rd year math students of the Bachelor's 
degree and 18 1st year math students of the Master's degree. The students' ages ranged 
from 22 to 28, with an average age of 22.9. Most of the participants in the experiment 
were girls (26 people, 81%). Participation in the experiment was voluntary. All 
participants agreed to participate in the pedagogical experiment. The experiment took 
place as part of the study of the educational components "Teaching Mathematics with 
Computer Support" (Bachelor) and "School Mathematics Course with Computer 
Support" (Master). 

Research design 

A mathematics teacher’s preparation involves creating conditions close to the real ones. 
ChatGPT can generate answers to any questions, so it can be considered an environment 
that acts as a pupil answering questions. In other words, we perceive ChatGPT as a 
simulator of answers given by pupils studying at school. The idea of generating answers 
(correct and not entirely accurate, although plausible) became the basis for creating the 
experiment. 
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Research Question 1 

We planned to find the answer to the first question by working directly with ChatGPT 
in the "prompt-response" format. ChatGPT generates statistically most likely answers 
(that features of the algorithms (Dadan et al., 2024). The answers are inaccurate 
sometimes. Therefore, these answers can be perceived as the pupils' answers (secondary 
school). 

Research Question 2 

The answer to the second question was based on the following considerations. The job 
of a mathematics teacher involves checking test papers. Pre-service teachers need to 
learn to “see” pupils' mistakes, follow pupils' reasoning, and notice inconsistencies in 
their thinking. We used the ChatGPT answers to check whether pre-service 
mathematics teachers could find mathematical mistakes and false statements in 
ChatGPT answers.  

During one of the classes with pre-service mathematics teachers (the topic "Methods of 
teaching the method of mathematical induction"), we explained in detail how to use 
ChatGPT to solve problems and analyzed the generated answers in detail (more on this 
in section 3.1). After the class, we asked pre-service mathematics teachers to complete 
an individual work "Using the Method of Mathematical Induction" (Table. 1). This was 
to demonstrate their ability to check "pupils' work" (the ChatGPT played the role of a 
secondary school pupil and generated solutions).  

Table 1 
Tasks of individual work (Source: made by authors) 
Task 1.  Propose to ChatGPT to prove the inequality. What proof method does ChatGPT 

prioritize? What methods does it suggest for proving? How many of them? Record 
the results for the report. 

Task 2 Identify any mistakes made by ChatGPT (if any). Formulate them for the report. 

Task 3 Point out ChatGPT's mistakes. Analyze whether ChatGPT corrected the solution. Did 
it take into account your previous comments? Record the results for the report. 

Task 4 Propose to ChatGPT to prove the given inequality using different methods (at least 
two other methods). Are there any mistakes in these methods? Record the results for 
the report 

We subjected the results to a qualitative analysis: did the pre-service mathematics 
teachers find any incorrect answers generated by ChatGPT? Were the pre-service 
mathematics teachers able to pinpoint the mistake correctly and eventually get the 
correct answer? If pre-service mathematics teachers found at least one inaccuracy in the 
generated answer and, after asking the ChatGPT, came up with the proper result, we 
considered them able to check pupils' answers to math tasks. It took up to 2 hours to 
complete the tasks 

Research Question 3 

Learning activities that involve analyzing answers are always associated with critical 
thinking. Therefore, we assumed that working with the ChatGPT to solve mathematical 
tasks can influence pre-service mathematics teachers' critical thinking. Thus, the 
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ChatGPT can become a digital tool for developing critical thinking. To test this 
assumption, we had to decide on indicators: what can we use to test the development of 
critical thinking? After analyzing the scientific literature, we concluded that the 
indicators could be (1) Ability to analyze information critically, (2) Ability to identify 
logical inconsistencies in statements, (3) Ability to rectify logical inconsistencies, (4) 
Tendency to seek the most rational approach to problem-solving. 

We also realized that pre-service mathematics teachers’ critical thinking development 
occurs over time, so we needed to measure each student's critical thinking level twice. 
Therefore, we organized a pedagogical experiment in two stages: the first measurement 
of the pre-service mathematics teachers’ critical thinking level was based on the results 
of their work at once, and the second measurement was based on the execution results 
of the same individual work but a month later. 

We linked the indicators of critical thinking development to the tasks of individual 
work. 

• Indicator 1: The ability to analyze information critically. When a pre-service 
mathematics teacher successfully traces a mathematical induction algorithm step by 
step, it's a testament to his ability to analyze information critically. This indicator 
corresponds to Task 1. 
• Indicator 2: The ability to identify logical inconsistencies in statements. If pre-
service mathematics teachers can find at least one mistake or logical inconsistency in 
the proposed solution, they have the ability to identify logical inconsistencies in 
statements. This indicator corresponded to Task 2. 
• Indicator 3: The ability to rectify logical inconsistencies. If pre-service mathematics 
teachers can correct logical inconsistencies by providing arguments and pointing out 
mistakes, they have the ability to rectify logical inconsistencies. This indicator 
corresponds to Task 3. 
• Indicator 4: Tendency to seek the most rational approach to problem-solving. That is 
a crucial aspect of critical thinking. When a pre-service mathematics teacher can create 
a request to find alternative ways to solve a problem and can evaluate them critically, 
it's a strong indication of their ability to seek the most rational approach to problem-
solving. This indicator corresponded to Task 4.  

The peculiarities of assessing individual work tasks are shown in Table 2 
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Table 2 
Features of assessment (Source: made by authors) 
Score Indicator 1 Indicator 2 Indicator 3 Indicator 4 

0 

The student does 
not differentiate 
the steps of the 
induction method 

The student does 
not identify 
mistakes 

The student does not 
formulate arguments 
regarding mistake 
rectification 

The search was 
conducted without 
analyzing the provided 
results 

1 - 
The student 
identifies only 
one mistake 

The student incorrectly 
formulates arguments 
for mistakes 

The search for the most 
rational approach was 
conducted but not 
supported by a reasoned 
position 

2 

The student 
distinguishes the 
steps of the 
induction method 

The student 
identifies more 
than one mistake 

The student formulates 
arguments for mistake 
rectification and 
achieves a correct result 

The search for the most 
rational approach was 
conducted, and the own 
position was argued 

Visualization of the experiment is shown in Fig. 1. 

 
Figure 1 
Experiment design (source: made by authors) 

The task's results were evaluated using 0 to 2 points each. The maximum score for a 
paper was 8 points. We analyzed the experiment's results in pairs (each pre-service 
mathematics teacher submitted two papers, with a month between them). The results 
were independent between pairs but dependent within pairs. It was the interval 
measurement scale. This experiment design allowed us to use the non-parametric 
Wilcoxon test to determine the significance of differences in pre-service mathematics 
teachers’ critical thinking development.  

We formulate two hypotheses: "H0: median  (solving tasks in the ChatGPT 

environment doesn’t improve pre-service mathematics teachers’ critical thinking)" and 

"Ha: median  (solving tasks in the ChatGPT environment improves pre-service 

mathematics teachers’ critical thinking)". 

FINDINGS 

ChatGPT as a digital platform for generating pupils' answers (research question 1) 

We asked ChatGPT several math questions and saw answers that were not always 
correct. The reasoning presented was only sometimes correct. ChatGPT generated 
different answers on different computers. That affirmed that the answers from ChatGPT 
could be pupils’ answers. We describe our experience below in more detail. 
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To solve Task 1, we formulate the prompt "Prove the inequality  for all-
natural n≥10” in the ChatGPT environment. ChatGPT generates a response (Fig. 2). 

 

Figure 2 
The result of completing the Task 1 (source: made by authors) 

The ChatGPT chooses the method of mathematical induction, presumably due to the 
requirement in the problem statement "to prove for all natural numbers n". This method 
is one of the most common ways to prove such inequalities, so the chatbot selected a 
standard reasoning approach. It is worth noting that ChatGPT outlines all the steps of 
the mathematical induction method and provides what appears to be a correct proof, but 

in the highlighted line after using the induction assumption, it omits the term , which 
plays a crucial role in further evaluations of the expression. 

Furthermore, in the provided proof, it is claimed that   for all k≥10, 
which is not true. Therefore, analyzing the generated proof is crucial for identifying 
mistakes and exploring ways to rectify them. 

We formulate the following prompt to specify the mistake: “The mistake occurred 
during the induction step.” ChatGPT attempts to respond to the specified mistake with a 
new prompt and correct it, but it fails to do so. It essentially proposes the same proof 
(Figure 3). 

We formulate the prompt, indicating the mistake more specifically "There is still the 

mistake when using the inductive assumption  wasted  in 
transformations and an unreasonable conclusion was made». After being pointed out 
more specifically its mistake, ChatGPT suggests the same proof with an incorrect 

subtraction of 1 for compensation, losing the term  again. In other words, ChatGPT 
cannot correct the mistake even with external assistance; it reverts to the previous proof 
(Figure 4). 
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Figure 3 
The reaction (1) of ChatGPT to pointing out 
its mistakes (source: made by authors) 

Figure 4 
The reaction (2) of ChatGPT to 
pointing out its mistakes (source: made 
by authors) 

Rephrase the prompt, indicating the mistake with even more precision "This does not 

fix the situation, the additive is lost , which exceeds the value of the trinomial 

 at values and allows to make a correct assessment». Specify the 
mistake in the prompt and get proof that is not complete but does not contain logical 
and factual mistakes (Figure 5). To complete the proof, it remains to show that for 

, . Note that the result of the proof of the same 
inequality proposed by ChatGPT after a month also contains mistakes (Prompt «Prove 

the inequality  for all-natural n≥10”, Figure 6). Despite the more detailed 
proof, ChatGPT makes the same mistakes in transformations. 

To solve Task 4, we ask ChatGPT to prove the given inequality using different methods 
(Prompt “Use other methods to prove the inequality”). ChatGPT can generate other 
methods of proving the given inequality– “the method of using functions”, “the method 
of using function analysis”, “the differentiation method”, “the method of reduced 
factors” (keeping the names of the methods as suggested by ChatGPT). 

However, "proofs" contain either obvious mistakes in transformations or "hide" them in 
a correct reasoning shell. None of the proofs generated by ChatGPT were correct. For 
example, the "proof" (method of using functions, Figure 7) contains many mistakes, 
starting from the estimation at n=10, with an arithmetic mistake in finding 210, to the 
false statement that f(n+1)-f(n) should be less than or equal to zero. 
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Another method suggested by ChatGPT (Method of using function analysis, Figure 8) 
also has several drawbacks – it provides general recommendations for proving 
inequalities using the monotonicity of functions without specifying how to implement it 
in this particular case. 

  
Figure 5 
The reaction (3) ChatGPT to mistake 
correction (source: made by authors) 

Figure 6 
The result of the task solution after a 
month (source: made by authors) 

 

 

Figure 7 
The method of using a function (source: 
made by authors) 

Figure 8 
Method of Using Function Analysis 
(source: made by authors) 

When using the method of differentiation (Figure 9), ChatGPT applies the assumption 
of induction, incorrectly finds the derivative, and uses the differentiation of inequality, 
which is generally incorrect. 

When using the method of shortening factors (Figure 10), an attempt is made to use 
factorization formulas, but this attempt is not implemented. Then, ChatGPT limits itself 
to general recommendations for proving the inequality by the same functional method 
using the derivative (mistakenly assuming that at n=10 there will be a minimum 
(actually, the minimum value of the function) without a specific implementation). 
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Figure 9 
Differentiation Method (source: made by 
authors) 

Figure 10 
Method of reduced factors (source: made 
by authors) 

Therefore, ChatGPT makes mistakes in proving inequalities, providing an opportunity 
to use it for generating student-like responses. Generated solutions containing mistakes 
become important training tools in teacher preparation in general and for developing 
students’ critical thinking in particular. It is worth noting that the response of ChatGPT 
depends on the formulation of the task itself, and the wording of clarifications or 
comments on the proposed solutions. Additionally, ChatGPT responses are influenced 
by the language of the prompt (specifically, the generation of solutions is more accurate 
in English). So, all the results were presented in the Ukrainian language, the language in 
which the experiment was conducted. Note, that when the prompt is formulated in 
English, ChatGPT provides correct proof without mistakes, although without detailed 
explanations in the final steps (Figure 11). 

 
Figure 11 
The prompt is formulated in English (source: made by authors) 

Are students (pre-service mathematics teachers) prepared to check answers that 
ChatGPT generates? (research question 2)? 

The results of the individual work are presented in Table 3, where the first individual 
work results are labeled as IW-1 and the second as IW-2. We did not receive zero marks 
for the results of the first individual work, which proved a positive answer to the second 
question of our study: pre-service mathematics teachers can see mistakes, and therefore, 
they can be considered prepared to check "pupils’ answers”. 
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Table 3 
Double assessment of student works (Source: made by authors) 

No IW-1 IW-2 No IW-1 IW-2 No IW-1 IW-2 

1 2 2 12 6 8 23 3 4 

2 6 7 13 4 3 24 4 7 

3 4 5 14 3 2 25 2 2 

4 4 5 15 2 4 26 6 7 

5 5 5 16 2 4 27 4 5 

6 3 3 17 2 2 28 4 5 

7 3 4 18 4 4 29 5 5 

8 2 4 19 5 7 30 3 3 

9 2 2 20 6 8 31 3 4 

10 4 4 21 4 3 32 2 4 

11 5 7 22 3 2    

There were no problems with analyzing the results of the mathematical induction 
algorithm (Task 1 in the individual work). It is worth noting that ChatGPT made a 
mistake when checking the induction base in one case. Most pre-service mathematics 
teachers easily coped with detecting mistakes in the transformations (Task 2). Several 
proposed proofs did not use the induction assumption, which led to an incorrect 
conclusion. Difficulties were observed in Task 3 when it was necessary to point out the 
mistake. If the prompt was formulated briefly, without detailed argumentation, 
ChatGPT did not "take it into account" and continued to offer proofs with mistakes. The 
most significant difficulties arose in Task 4 solving, as other proof methods offered by 
ChatGPT were based on knowledge from different mathematics areas, which required 
students to have a reasonably thorough understanding of higher mathematics to analyze 
them. 

Does checking answers that ChatGPT generates affect the development of 
students' critical thinking? (research question 3) 

To answer the third question of our study, we statistically analyzed the results of two 
individual stages using the non-parametric Wilcoxon test (King & Eckersley, 2019). A 
comparison of the individual work results showed that ten results remained unchanged. 
Other pairs showed changes, in particular, with 18 positive changes. Ranking by the 
Wilcoxon test gave an empirical value of T=243. The critical value of the test for the 
significance level of 0.05 and for the case of a one-sided test gave the values Wa=75.99 
and W1-a=177. According to the decision rule for the one-sided Wilcoxon test, we have 
T>W1-a. Therefore, the null hypothesis is rejected and the alternative one (solving tasks 
in the ChatGPT environment improves pre-service mathematics teachers’ critical 
thinking) is accepted. 

It is worth noting that 22 pre-service mathematics teachers changed their initial score, 
and 18 showed an increase in the final score (9 students received +1 point in the second 
performance; 8 students received +2 points; 1 student improved the result by +3 points). 
That indicates that pre-service mathematics teachers have become more attentive to the 
answers; they see more mistakes and inconsistencies and can write a prompt so that 
ChatGPT corrects the mistakes found and comes to the correct result. When we talked 
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to these students, we noted their interest in working with ChatGPT and their desire to 
"catch" the answer generator on a mistake. Four pairs of answers showed a decrease in 
the result. That can be explained by pre-service mathematics teachers’ inattention when 
doing the same work for the second time. Ten pairs of works had the same marks. When 
we talked to the students who did these papers, we found out that they either 
remembered the first performance well and reproduced it (6 students) or, when 
performing tasks, they did not try to do them as well as possible due to a lack of 
encouragement (4 students). 

DISCUSSION 

Research Question 1. (Can ChatGPT be a digital platform that generates pupils' answers 
(secondary school)? In society and within the academic community, concerns have 
arisen regarding the use of AI ("job killer", "influences people's thoughts through 
generating posts and comments for social media", "generates academic texts that are not 
substantiated", etc.). Due to such concerns, some schools have even prohibited the use 
of ChatGPT (Dibble, 2023; Lukpat, 2023). For instance, S. Marche (2022) suggests that 
it may take "ten years for scholarly circles to confront this new reality: two years for 
students to understand the technology, another three years for professors to 
acknowledge that students are using this technology, and then five years for university 
administrators to decide what to do with it if anything". W. M. Lim et al. (2023) argue 
that, on the one hand, AI leads to the disruption of the education system, while, on the 
other hand, it opens up a new era of accessible information and automation to enhance 
the quality of education. 

M. Farrokhnia et al. (2023), based on the results of the SWOT analysis, identified the 
strengths of ChatGPT (creating plausible responses, self-improvement or self-learning 
ability, providing personalized responses, real-time response capabilities, especially for 
education, increasing information accessibility, facilitating individual learning, 
supporting comprehensive learning, reducing teachers' workload, e.g., ChatGPT can 
create tests for you) and weaknesses (lack of deep understanding, difficulties in 
assessing the quality of responses, democratization of plagiarism in education/science, 
reduction of high-level cognitive skills such as creativity, critical thinking, reasoning, 
and problem-solving). Our research demonstrated the positive aspects of using AI in the 
educational process. ChatGPT has become a digital tool for developing critical thinking 
in youth by generating plausible but, from a mathematical perspective, incorrect 
statements, formulations, and conclusions. 

Today, there is also a discussion about AI's ability to assess data accurately: ChatGPT 
lacks the human ability to evaluate the reliability of the data it has been trained for 
(Lecler et al., 2023). ChatGPT does not have access to the internet and currently has 
limited knowledge of events in the world after 2021 (Stokel-Walker & van Noorden, 
2023), leading to the possibility of providing outdated and inaccurate answers. 
ChatGPT is not afraid to be "wrong"; it is afraid to be "uninformed". If it doesn't know 
the answer, it will "make it up" and still respond. That can be used as material for 
critical analysis and the development of student's critical thinking, as confirmed by our 
research.  
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Research Question 2 (Are students (pre-service mathematics teachers) prepared to 
check answers that ChatGPT generates)? Pre-service mathematics teachers should 
develop the "teach to prove mathematical statements" skills, which include not only the 
ability to prove theorems/equations/inequalities from the school math course but also 
the ability to anticipate common mistakes made by pupils, justify mistakes in pupils' 
work, and correctly and logically correct the mistakes made by pupils. Such skills, on 
the one hand, are professional for a teacher. Still, on the other hand, they characterize 
the level of development of their critical thinking, which needs to be enhanced, 
especially in situations close to real ones. Similar conditions, as our research has shown, 
can be generated using AI, particularly ChatGPT. 

The use of ChatGPT in education calls for reconsidering assessment methods (Dwivedi, 
2023). For instance, we should replace descriptive tasks (like essays) with more creative 
ones that require students' critical thinking and focused creative efforts. In our research, 
we modified typical tasks, shifting from "prove the inequality" and "identify possible 
mistakes in students' work" to "analyze the given response" and "detect/justify/correct 
mistakes." These tasks are not algorithmic and carry significant heuristic value. Our 
assignments generally involve abstract thinking and foster the development of skills in 
analysis, logical reasoning, and concluding. They also provide an opportunity to 
comprehensively reinforce a wide range of theoretical concepts studied in the school 
mathematics curriculum, including the basics of inequality theory, the equivalence of 
transformations, properties of functions, applications of derivatives and integrals, 
geometric reasoning, estimation of areas and volumes, etc. 

Research Question 3 (Does checking answers that ChatGPT generates affect the 
development of students' critical thinking?) Modern education is concerned not only 
with acquiring knowledge and skills in a specific field of knowledge or future 
profession (hard skills). With the development of information technologies, qualities 
that ensure an individual's competitiveness in the modern job market have become 
essential. These qualities are referred to as soft skills and include analytical thinking and 
innovation, active learning and learning strategies, complex problem solving, critical 
thinking and analysis, creativity, originality and initiative, leadership and social 
influence, resilience, stress tolerance and flexibility, reasoning, problem-solving, and 
ideation (World Economic Forum, 2020), collectively known as the "Four Cs" - 
Collaboration, Communication, Creativity, and Critical thinking. Researchers have 
recently emphasized the importance of 21st-century skills (Thornhill-Miller et al., 
2023). These skills are crucial for teachers, who must be creative in their professional 
activities and capable of facilitating communication and promoting student teamwork. 
Given the nature of their profession (teaching mathematics), possessing and developing 
critical thinking is particularly essential for mathematics teachers. Our research 
indicates the potential for developing math students’ critical thinking as part of their 
professional training, contributing to cultivating the in-demand skills of the 21st 
century. 

Our study aligns with the key ideas of the Concept for the Development of Artificial 
Intelligence in Ukraine (2020). Specifically, for the higher education sector, the 
Concept's authors emphasize the importance of incorporating artificial intelligence 
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topics into educational programs across various specialties. We see the implementation 
of this idea in AI integration as a teaching tool in the professional training of teachers – 
creating simulation cases with answer generation not only introduces the possibilities of 
using artificial intelligence and the peculiarities of answer generation but also facilitates 
additional quasi-professional practices. 

LIMITATION 

We should note the limitations of our study.  

1. The experimental study was conducted on 32 pre-service mathematics teachers. We 
monitored critical thinking (as a personal ability). The experiment's design involved 
tracking this quality for each student. If the number of participants in the experiment is 
increased, we can obtain more reliable results.  

2. In 2023, we conducted a pedagogical experiment using ChatGPT. It's important to 
note that AI models have significantly evolved since then, potentially impacting the 
practical significance of our study's findings in the present context.  

3. During the pedagogical experiment, we focused on generating prompts and answers 
related to one of the topics of elementary mathematics, "Method of mathematical 
induction", which also limits the practical significance of the findings.  

4. On the one hand, ChatGPT gives the university teacher a tool for developing students' 
critical thinking, but on the other hand, the university teacher gives the student a tool for 
solving educational tasks. Therefore, using ChatGP in the classes will require teachers 
to reconsider the traditional approach to grading student work. Accordingly, the use of 
ChatGPT should be conscious and balanced.   

5. The experiment involving communication with ChatGPT was conducted in 
Ukrainian. It's worth noting that the language of the prompt influences ChatGPT 
responses, which means that the results could vary if the experiment were conducted in 
other languages.  

These limitations do not affect the general conclusions of our study on the feasibility of 
using ChatGPT to prepare pre-service mathematics teachers. 

CONCLUSIONS 

The new educational trend involves implementing artificial intelligence in the 
educational process. ChatGPT can be considered a means of simulating interactions 
with pupils in pre-service mathematics teachers' preparation. Our study shows that the 
ChatGPT environment can be a digital platform that generates students. 

Math students should not only know how to prove the theorems of the school 
mathematics course but also be able to predict typical mistakes that students may make 
in their proofs. Our study showed that math students can check answers that ChatGPT 
generates. 

A high level of critical thinking is necessary for working with artificial intelligence. 
Proving mathematical statements is relevant material for developing critical thinking. 
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The study results confirmed the effectiveness of using ChatGPT in developing the 
critical thinking of math students.  

So, artificial intelligence can be considered a tool for pre-service math teachers 
preparing. However, integrating ChatGPT in education presents both opportunities and 
challenges for teachers. By understanding ChatGPT's capabilities and limitations, math 
students can use it more effectively in future professional activities. 
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