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Abstract
Background/purpose. Background/purpose. This study aims to

examine the impact of prospective mathematics teachers'
metacognitive awareness on their perceptions and applications of
ChatGPT in problem-solving processes. The research investigates how
these prospective mathematics teachers perceive and utilize ChatGPT,
focusing on the relationship between their metacognitive awareness
levels and the use of artificial intelligence tools.

Materials/methods. The study utilizes both qualitative and quantitative
research methods. In the quantitative phase, data was collected from
42 prospective mathematics teachers through a survey, exploring how
their metacognitive awareness levels impacted their use of ChatGPT in
solving mathematical problems. The qualitative phase involved in-
depth interviews with four prospective teachers to gain detailed
insights into their perceptions and practical applications of ChatGPT in
problem-solving.

Results. The findings of this study give valuable results on the
intersection of metacognitive awareness and artificial intelligence in
education. By understanding how prospective mathematics teachers
use ChatGPT, the research provides to the development of more
effective pedagogical strategies for leveraging Al tools in teacher
education. The study emphasizes the importance of professional
development to help educators navigate the complexities of Al tool
implementation in teaching and learning, ultimately enhancing
problem-solving skills among future mathematics teachers.

Conclusion. The study demonstrates that ChatGPT can significantly
enhance prospective mathematics teachers' metacognitive awareness
and problem-solving strategies. ChatGPT can improve teaching
practices and foster more effective problem-solving approaches in
mathematics education by providing rapid feedback and supporting
strategic thinking.

UNIVERSITEPARK:



https://universitepark.com.tr/indexeng.asp?universitepark=10
http://www.edupij.com/
http://edupij.com/
http://edupij.com/
https://doi.org/10.22521/edupij.2025.14.63
https://doi.org/10.22521/edupij.2025.14.63
afiliz@biruni.edu.tr
https://creativecommons.org/licenses/by/4.0/
http://www.edupij.com/

Filiz and Giir | 2

1. Introduction

In the past decade, technological advancements in education have significantly transformed
various aspects of learning, particularly due to developments in artificial intelligence (Al). These
advancements have facilitated greater access to educational resources and expanded the scope of
higher education beyond traditional classroom settings, thereby creating new opportunities for both
educators and prospective teachers (Rawas, 2023). Al-supported applications have led to the
development of intelligent tutoring systems designed to deliver personalized learning materials,
guidance, and feedback to prospective teachers (Zhu et al., 2023). Among these innovations, one that
holds the potential to radically reshape the education system, particularly in higher education, is
ChatGPT. Initially developed in 2018 and launched in November 2022 (Leng, 2024), ChatGPT reached
100 million users within just two months of its release (The Guardian, 2023). The tool has
demonstrated considerable success in comprehending complex queries and providing accurate
responses. With its ability to deliver timely and coherent information, ChatGPT is capable of offering
effective solutions to intricate problems. As a result, its potential applications extend across various
sectors, including business and everyday life (Zhu et al., 2023).

ChatGPT can also assist prospective mathematics teachers in enhancing their research skills by
providing relevant information, suggesting unexplored research avenues, and introducing them to
new fields of study. This, in turn, enables prospective mathematics teacher to deepen their
understanding of educational topics and refine their evaluative skills (Kasneci et al.,, 2023).
Metacognitive awareness refers to an individual’s recognition and understanding of their own
cognitive processes and strategies. Such awareness plays a crucial role in improving information
processing and problem-solving abilities. When interacting with Al tools like ChatGPT, users with
metacognitive awareness are better equipped to identify and apply effective strategies for problem-
solving. Therefore, it can be argued that metacognitive awareness is an essential skill for effectively
engaging with ChatGPT and similar Al technologies, particularly in complex problem-solving contexts.
The present study aims to investigate the potential impact of prospective mathematics teachers’
metacognitive awareness on their use of ChatGPT in problem-solving processes.

2. Literature Review

Prospective mathematics teachers engaging in ill-defined problem-solving tasks within
educational contexts show advanced competencies in transferring knowledge across various
domains, extending academic insights beyond traditional boundaries, and generating innovative
ideas (Walker & Leary, 2009; Hamarat, 2019; Cunningham, 2020). These undefined problem-solving
tasks not only enhance critical thinking skills (Liu & Pasztor, 2022) but also play a significant role in
increasing prospective mathematics teachers motivation to learn by providing them with novel and
engaging challenges (Demirel & Dagyar, 2016). Given the inherent uncertainty and complexity of ill-
defined problems, pre-service teachers are expected to employ a range of cognitive and
metacognitive skills. Ultimately, they must engage in a convergence process to identify the most
innovative and effective solution (Treffinger et al., 2008). In other words, solving ill-defined problems
involves both cognitive and metacognitive skills, as well as divergent (creative) thinking (Mumford et
al., 1991, 2019).

Artificial intelligence (Al) technologies hold the potential to radically alter the roles of educators,
making them an important area of research and application in the field of education (Felix, 2020;
Sekeroglu et al., 2019; Nayiroglu & Tutak, 2024). Mathematics plays a pivotal role in the development
of fundamental skills such as analytical thinking, problem-solving, and logical reasoning (Van
Vaerenbergh & Pérez-Suay, 2021). Al applications operate by integrating algorithms designed to solve
specific problems or achieve set objectives intelligently and iteratively. The binary system of 1s and
Os, the core of mathematical logic, forms the foundation of programming languages, thus linking Al
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applications closely with mathematical principles (Dengiz, 2023). Generative artificial intelligence
technologies, such as ChatGPT, have the potential to significantly alter the processes involved in
solving well-defined problems (Zhai, 2022; Terwiesch, 2023; Dwivedi et al., 2023; Lim et al., 2023;
Noy & Zhang, 2023).

In this context, the present study aims to address this gap by exploring how prospective
mathematics teachers' perceive and utilize ChatGPT in their problem-solving processes. On the other
hand, ChatGPT's ability to solve mathematical problems has garnered significant attention. ChatGPT
is capable of addressing a broad spectrum of topics, from basic arithmetic to more complex
mathematical equations. Designed specifically to understand mathematical equations and formulas,
ChatGPT initiates the problem-solving process by analyzing the question it receives. Moreover, as a
software developed for both corporate and individual use globally, it is capable of providing answers
with impressive speed (Plevris et al., 2023; Kashefi & Mukeriji, 2023; Remoto, 2023; Dao & Le, 2023;
Karabiyik, 2024; Plevris et al., 2023; Kashefi & Mukerji, 2023; Karabiyik, 2024; Plevris et al., 2023;
Kashefi & Mukerji, 2023). At present, ChatGPT is effective for addressing basic and straightforward
mathematical questions. However, with the rapid evolution of Al technologies, it is anticipated that
its capacity to handle more complex mathematical problems will improve over time (Karabiyik, 2024).
This improvement could prove to be a significant advantage for professionals working with intricate
equations and advanced mathematical tasks.

Metacognition is a multifaceted concept that researchers have explored for over three decades
and has been defined in various ways (Unsever & Kutluca, 2024). Rhodes (2019) characterizes
metacognition as the collection of mechanisms that individuals use to continuously monitor and
regulate their cognitive processes. Vo et al. (2014) defines metacognition as an individual's ability to
evaluate their own knowledge and recognize it as a critical tool in learning, particularly in
mathematics. The metacognitive approach allows prospective mathematics teachers to more
effectively manage their thought processes, evaluate their own participation and actions during
learning, and foster creativity (De Ocampo-Acero et al., 2015; Puryear, 2016). This approach also
supports prospective mathematics teachers in maximizing their potential, pushing their cognitive
limits, and focusing on tasks while adapting to new learning environments (De Ocampo Acero et al.,
2015; Tabuyo, 2024; Hacker, 1998).

Metacognition provides a framework for understanding how cognitive processes are managed
and organized. Flavell (1979) defines metacognition as the conscious structuring and transfer of
information to memory, the scanning of memory to identify and retrieve relevant information, and
the awareness of stored knowledge. Reeve and Brown (1985) describe metacognition as the ability
to manage and direct cognitive processes. Shanahan (1992) defines it as the understanding and
regulation of cognitive activities, while Butterfield et al. (1995) and Binkley et al., (2010) emphasize
metacognition as the comprehension of the factors influencing cognitive processes and the
monitoring and regulation of these processes. Flavell (1976) further distinguished two components
of metacognitive processes. The first, metacognitive knowledge, refers to a person's general
awareness about their own cognitive processes, which can be assessed independently of any specific
task. The second component, metacognitive awareness, refers to the ability to monitor and control
cognitive processes and strategies in real time. This awareness is typically assessed during the
execution of tasks, especially in neuropsychological contexts (Koriat, 2007). Metacognitive awareness
in the learning process is widely accepted, there remains a limited body of research on the subject
(Wenden, 1991, 1999; Wilkins, 1997; Balcikanli, 2011), highlighting the need for further exploration.

Prospective mathematics teachers who lack metacognitive awareness often struggle to navigate
their learning processes effectively and are unable to assess their progress, success, or future learning
needs (Q’'Malley et al., 1985). Without metacognitive skills, these individuals may find it difficult to
identify appropriate learning strategies, monitor their understanding, or adjust their approach when
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facing challenges. Since the early 1980s, researchers in the field of mathematical problem-solving
have increasingly turned their attention to the role of metacognition. Scholars have raised important
guestions such as: "Can problem-solving skills be taught?", "What is the role of understanding in
problem-solving?", and "How does metacognition influence problem-solving?" (Lester, 1982; Silver,
1982). International studies have highlighted that students often struggle with solving complex
mathematical problems that require multiple operations, and that mathematics teachers face
difficulties in planning and implementing lessons designed to develop problem-solving skills
(Kramarski, 2008). Metacognition has been recognized as a valuable tool for addressing these
challenges.

Garofalo and Lester (1985) identified metacognition as fundamental to the analysis and
understanding of mathematical performance. Cardella-Elawar (1995) emphasized that prospective
mathematics teachers who fail to carefully analyze the problem, who do not explore all possible
solutions, and who do not monitor their steps are typically unsuccessful in solving mathematical
problems. A large body of research has explored the relationship between metacognition,
mathematics, and problem-solving (Culaste, 2011; Desoete, 2008; Goldberg & Bush, 2003; Ifenthaler,
2012; Kapa, 2001; Panaoura & Philippou, 2007; Van der Stel & Veenman, 2008; Zan, 2000; William &
Maat, 2020; Anggo et al., 2021; Defi et al., 2022; Shodikin et al., 2022; Tabuyo, 2024). These studies
consistently demonstrate a significant relationship between metacognitive skills and problem-solving
abilities. Specifically, the development of metacognitive skills and progress in problem-solving ability
are shown to be closely aligned, with individuals who excel in problem-solving typically exhibiting
higher levels of metacognitive awareness.

The importance of problem-solving in mathematics education has been widely emphasized by
researchers (Lesh & Zawojewski, 2007; Lester & Kehle, 2003; National Council of Teachers of
Mathematics, 2000; Polya, 1957; Schoenfeld, 1985, 1992; Campione, Brown, & Connell, 1989;
Cummins, 1992; Hegarty, Mayer, & Monk, 1995). One of the key characteristics that distinguishes
successful problem-solvers, especially among prospective teachers, is the presence of metacognitive
awareness (Mayer, 1998; Schoenfeld, 1985). Metacognition plays a vital role in the problem-solving
process by facilitating the generation of appropriate representations of the problem at hand and
ensuring the accessibility of the solution (Schoenfeld, 1983; Verschaffel, 1999). Additionally,
metacognitive skills help prospective teachers to understand the problems more deeply, make
accurate solutions, and effectively utilize the given information (Davidson & Sternberg, 1998;
Lucangeli, Tressoldi, & Cendron, 1998). In this sense, metacognition serves as a crucial cognitive tool
that guides the learner through the problem-solving process, enhancing both the efficiency and
effectiveness of their approach. Metacognitive experiences, often referred to as metaphysical
experiences, involve the emotional and cognitive responses individuals have during the execution of
a task (Efklides, 2001; Flavell, 1979; Efklides, 2001, 2006). They enable the learner to make informed
decisions about how to proceed with problem-solving tasks and contribute to the transfer of learned
content into meaningful, actionable strategies (Desoete & Veenman, 2006).

Up to date, there are no studies specifically investigating how prospective mathematics teachers
perceive ChatGPT in their problem-solving processes and the relationship between their
metacognitive awareness and this interaction. Existing research has primarily focused on the
connection between metacognition and problem-solving, as well as the impact of ChatGPT on
problem-solving activities. For instance, Daher and Gierdien (2024) explored the text responses
generated by ChatGPT as prospective mathematics teachers solved mathematical problems related
to quadratic equations. They found that ChatGPT's responses could support prospective mathematics
teachers' understanding of different solution strategies for quadratic equations. Similarly, Anggo et
al. (2021) examined the metacognitive strategies used by prospective mathematics teachers when
solving mathematical problems, noting that such strategies are critical for developing strong
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problem-solving foundations, particularly for solving complex problems in varied contexts. Another
study by Tabuyo (2024) investigated the role of metacognition in prospective mathematics teachers'
problem-solving performance, concluding that effective metacognitive strategies were key to
achieving success in mathematics problem-solving. Urban et al. (2024) explored the impact of
ChatGPT on creative problem-solving in university prospective mathematics teachers, finding that
the perceived usefulness of ChatGPT influenced their self-assessment judgments, which, in turn, led
to higher error rates in their evaluations. These studies indicate the significant potential of ChatGPT
in supporting problem-solving tasks but also highlight the need for further research on how
prospective mathematics teachers' metacognitive awareness might influence their interactions with
such Al tools.

2.1. The Present Study

The advent of generative artificial intelligence tools, particularly language models like ChatGPT,
has led to a paradigm shift in educational technologies. These advancements have significantly
contributed to supporting the learning processes of prospective mathematics teachers, especially in
fields like mathematics. While research has explored the use of chatbots in specific domains such as
reading, mathematics, and argumentation (Guo et al., 2023; Lee & Yeo, 2022; Li et al., 2023), there
remains a notable gap in understanding how ChatGPT influences ambiguous or ill-defined problem-
solving tasks in educational settings. The central focus of this study is the gap in the literature
regarding how prospective mathematics teachers perceive ChatGPT and how their metacognitive
awareness affects their problem-solving processes with this tool. The primary aim of this research is
to investigate the potential effects of prospective mathematics teachers' metacognitive awareness
levels on their use of ChatGPT, particularly in the context of problem-solving tasks. This study also
examines the relationship between how prospective mathematics teachers perceive and utilize
ChatGPT in their problem-solving processes and their metacognitive awareness levels. By addressing
this gap, the study aims to provide valuable insights for both educators and researchers.
Understanding the interplay between metacognitive awareness and the use of Al tools like ChatGPT
could inform the design of more effective pedagogical strategies and support the development of
essential problem-solving skills among prospective mathematics teachers. To guide the investigation,
the study will address the following research questions:

1. Do prospective mathematics teachers' perceptions and use of ChatGPT in their problem-
solving processes differ based on their metacognitive awareness levels?

2. What are the potential effects of prospective mathematics teachers' metacognitive
awareness levels on their use of ChatGPT in problem-solving tasks?

3. Methodology
3.1. Research Design

This study employs mixed-methods research design (both qualitative and quantitative
approaches) (Battista & Torre, 2023). Integrating qualitative and quantitative data facilitates data
triangulation, leading to a deeper, more reliable understanding of the research topic (Yin, 2018). The
methodology of the study is given in Figure 1.
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Participants

Methodology

Metacognitive Self-Report Semi-Structured Open Ended

Awareness Scale Questionnaire Interview Mathematics
Problems

Figure 1. Methodology

3.2. Sample

The study sample was selected using a convenience sampling method that focuses on selecting
participants who are easily accessible and representative of the target audience (Patton, 2002). The
quantitative part of the study included 42 fourth-grade pre-service mathematics teachers enrolled in
the Elementary Mathematics Teaching program at a foundation university in Istanbul. Four pre-
service mathematics teachers were selected from the sample for the qualitative study. Data was
collected during the fall semester of the 2024-2025 academic year. The sample was selected to
include participants who were in the final stages of their teacher education, making them suitable for
providing insight into how metacognitive awareness may affect the use of ChatGPT in problem-
solving contexts. This study aims to contribute to the growing literature on the role of artificial
intelligence in education and metacognitive processes in teacher education by analyzing the
relationship between metacognitive awareness and ChatGPT use among these potential
mathematics teachers.

3.3. Metacognitive Awareness Scale

In this study, the Metacognitive Awareness Scale developed by Schraw and Dennison (1994) and
adapted into Turkish by Akin et al. (2007) was used to determine the metacognitive awareness levels
of prospective mathematics teachers. The scale employs a 5-point Likert-type rating system ranging
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from strongly disagree (1) to strongly agree (5). It consists of two main dimensions and 52 items. The
first main dimension is knowledge of cognition, which includes three subdimensions: declarative
knowledge, procedural knowledge, and conditional knowledge. The second main dimension is
regulation of cognition, which consists of five subdimensions: planning, monitoring, evaluating,
debugging, and information management (Schraw & Dennison, 1994). The reliability coefficients for
the subdimensions of the knowledge of cognition dimension are as follows: declarative knowledge
(.95), procedural knowledge (.94), and conditional knowledge (.96). The reliability coefficients for the
subdimensions of the regulation of cognition dimension are planning (.98), monitoring (.94),
evaluating (.95), debugging (.93), and information management (.98). In this study, the whole scale
was analyses and its dimensions were not used. The overall reliability coefficient for the scale, as
reported by Akin et al. (2007), was 95, and in the present study, it was found to be 94.

3.4. Self-Report Questionnaire

The Self-Report Questionnaire was developed by Abdelhalim (2024) based on the research topics
and tasks covered in a research methodology course. This questionnaire assesses prospective
mathematics teachers' perceptions, usage, and overall satisfaction with ChatGPT. The self-report
guestionnaire was adapted by the researchers to align with the research questions of the current
study. The first 12 items of the questionnaire evaluate the perceptions of ChatGPT, items 13-25
evaluate implementation, and items 26-31 evaluate general satisfaction. The questionnaire contains
a total of 31 items. Reliability coefficients for each sub-dimension of the self-report questionnaire
were calculated as the perception of ChatGPT .79, implementation of ChatGPT .89, and general
satisfaction with ChatGPT .89. It has shown high internal consistency with a Cronbach's alpha
coefficient for the whole scale 0.80, indicating reliability (Abdelhalim, 2024).

3.5. Semi-Structured Interview Form

To explore the prospective mathematics teachers’ perceptions and usage of ChatGPT, semi-
structured individual interviews were conducted. The interview questions consisted of open-ended
items. The first two questions were general questions, four questions focused on ChatGPT, three on
metacognitive awareness, two on perceptions of ChatGPT, and two on results and feedback. Other
guestions addressed the problem-solving process, ChatGPT usage, metacognitive awareness, and
feedback for each of the problems provided. The interviews lasted between 45 and 60 minutes.

3.6. Data Collection Process and Data Analysis

The data collection process for the study was conducted in three main stages. In the first stage,
the Metacognitive Awareness Scale was administered to evaluate the prospective mathematics
teachers’ metacognitive awareness levels. In the second stage, to address the potential lack of prior
knowledge about ChatGPT among the participants, the prospective mathematics teachers were
provided with information about ChatGPT and how it could be used. Subsequently, the participants
solved mathematical problems using ChatGPT and navigated through the problem-solving process
with the assistance of the Al tool. In the final stage, the Self-Report Questionnaire was administered
to assess the forty-two prospective mathematics teachers' perceptions of ChatGPT. The responses of
four prospective mathematics teachers were then analyzed in conjunction with the semi-structured
interviews.

In this study, methodological and data triangulation were employed to ensure comprehensive
analysis. The quantitative data from the Metacognitive Awareness Scale and the Self-Report
Questionnaire were analyzed using quantitative methods via SPSS 20.0.

Firstly, the participants' scores on the Metacognitive Awareness Scale were divided into two
groups: low and high metacognitive awareness, based on their total scores. The lowest score
obtained was 150, and the highest score was 249. these scores were divided into low and high
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categories. T-tests were conducted to compare the perceptions of ChatGPT between the low and
high metacognitive awareness groups. A regression analysis was also performed to examine the
relationship between metacognitive awareness levels and prospective mathematics teachers'
perceptions of ChatGPT.

For the qualitative data, responses obtained from the semi-structured interviews were analyzed
and categorized under the themes of "Problem-Solving Process," "ChatGPT Usage," "Metacognitive
Awareness," and "Results and Feedback." The analysis examined how prospective mathematics
teachers approached mathematical problem-solving with the use of technology, as well as how
ChatGPT influenced this process. Additionally, the study explored the development of metacognitive
awareness, and the strategies employed during problem-solving through the responses given for two
different mathematical problems.

The Shapiro-Wilks normality test was first applied to determine whether the variables followed
a normal distribution (Table 1).

Table 1. Results of the Normality Test

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df P Statistic df o
Total 351 42 .000 .636 42 .000

Table 2. Skewness and Kurtosis values

Skewness Std. Error of Skewness  Kurtosis  Std. Error of Kurtosis

Total  -.099 .365 -2.092 717

Note: Table 1. “Results of Normality Test" would follow here with the actual data results, but
since this section is focused on methodology and data analysis, specific data results are not included
in the text above. In addition, according to Table 2, the fact that Skewness and Kurtosis values are
not between -2 and +2 indicates that the distribution is not normal (Lomax & Hahs-Vaughn, 2012).

By conducting both qualitative and quantitative analyses, this study aims to provide a deeper
understanding of how prospective mathematics teachers” metacognitive awareness influences their
perceptions and usage of ChatGPT in the problem-solving process. The combination of these
analytical approaches contributes to triangulating the findings and offering a comprehensive picture
of the educational impact of generative Al tools like ChatGPT in teacher education. According to the
Kolmogorov-Smirnov test results presented in Table 1, the p-value was found to be smaller than 0.05,
indicating that the data do not follow a normal distribution. Therefore, non-parametric tests were
applied to analyze the data.

In the first research question, the perceptions of prospective mathematics teachers with low and
high levels of metacognitive awareness regarding their use of ChatGPT were compared using the
Mann-Whitney U test. The results revealed the following: The mean rank for prospective
mathematics teachers with low metacognitive awareness regarding their perceptions of ChatGPT, its
suitability, satisfaction, interest level, and overall average score from the self-report questionnaire
was 17.47. The mean rank for prospective mathematics teachers with high metacognitive awareness

https://doi.org/10.22521/edupij.2025.14.63 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.14.63

Filiz and Gar | 9

regarding the same factors was 25.16. The Mann-Whitney U test results indicate a significant
difference between the perceptions of ChatGPT between the two groups, based on their
metacognitive awareness levels. The Mann-Whitney U test results showing the difference in mean
ranks of prospective mathematics teachers with low and high metacognitive awareness levels
regarding their ChatGPT usage experiences are presented in Table 3.

Table 3. Mann-Whitney U Test Results for the Experiences of Prospective mathematics teachers
with Low and High Metacognitive Awareness Regarding ChatGPT

Ranks Ranks

ChatGPT experience Group N M sum U YA p
Low 20 18.35 367.00

Application 157.00 1.59 A1
High 22 24.36 536.00
; Low 20 16.93 338.50

Perceived 12850 231 .02
effectiveness High 22 25.66  564.50
Low 20 17.13 342.50

Satisfaction&interast 132.50 2.21 .02

High 22 25.48  560.50

According to Table 3, the perceived effectiveness and satisfaction/interest of ChatGPT in the
experiences of prospective mathematics teachers with low and high metacognitive awareness levels
were found to be statistically significant (p<.05). Specifically, perceptions of effectiveness and
satisfaction/interest levels differed between the groups based on their metacognitive awareness.
However, no significant difference was found in the application of ChatGPT in problem-solving
between the low and high metacognitive awareness groups (p >.05).

3.7. Regression Analysis

In the second research question, regression analysis was conducted to explore the relationship
between prospective mathematics teachers’ metacognitive awareness levels and their perceptions
of ChatGPT experiences. The results of the simple linear regression analysis are provided in Table 4.

Table 4. Simple Linear Regression Analysis Results

Unstandardized Standardized
Model coefficients coefficients t Sig.
B Std. Error Beta
(constant) 3.55 .10 33.52 .00
Metacognition 37 14 375 2.56 .01

F=6.55, p=0.01 (Anova)

The regression analysis indicates a positive significant effect of metacognitive awareness on
ChatGPT usage experiences (B = 0.375, p = 0.01). This result shows that higher metacognitive
awareness in prospective mathematics teachers leads to better ChatGPT experiences. The R? value is
0.14, indicating that metacognitive awareness explains 14% of the variance in ChatGPT usage
experiences.
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3.8. Qualitative Data from Semi-Structured Interviews

The qualitative findings from the semi-structured interviews with four prospective mathematics
teachers, all with similar levels of metacognitive awareness, are presented in the second part of the
study. The data were analyzed by adding new themes that were created after an in-depth analysis of
themes and categories identified through a review of relevant literature, and the results were
interpreted in an understandable manner, including direct quotes as a way of reflecting the themes
(Gorgull Ari & Hayir Kanat, 2020). They were coded with numbers in parentheses (S1, S2, ...). To
ensure the ethical standards, participants were assigned pseudonyms (e.g., S1, S2, etc.) to ensure
their anonymity. To ensure inter-rater reliability, regular weekly meetings were conducted with the
researchers to discuss any differences in interpretation and reach a consensus (Braun & Clarke,
2006). In this process, disagreements between researchers were discussed and consensus was
reached (Campbell, Quincy, Osserman & Pedersen, 2013). Moreover, the validity and reliability of the
study were enhanced through content validity assessments by four field experts and members
checking, where participants were asked to verify that the data were accurately represented and if
they wanted to add any further information. Each participant was contacted and asked whether the
information in the interview form was reflected accurately. The necessary arrangements were made
by learning about the differences and whether there was any other information they wanted to add.
All participants were assigned a code, and the data were analyzed based on these codes. Apart from
this, the inter-rater reliability was calculated using Miles & Huberman's (1994, p.100) formula for
Inter-coder Agreement:

Agreement

Reliability= x100

Agreement + Disagreement

Interview responses were analyzed thematically under categories such as Problem-solving
process; ChatGPT usage; Metacognitive awareness and Results and feedback.

The discussion section was created by matching the quantitative and qualitative findings of the
study. The factors in the "Metacognitive Awareness scale", which is the questionnaire used in the
study, were also matched with the interview categories. The "Cognitive knowledge factor" (sub-
factors; declarative knowledge, procedural knowledge and conditional knowledge) in the
guestionnaire was matched with the "metacognitive awareness" and "ChatGPT usage" categories in
the interview category. The "situation organization" factor in the Metacognitive Awareness scale was
matched with the "problem solving" and "results and feedback" categories obtained because of the
interview analysis.

4. Findings of Qualitative Results

While investigating the effects of prospective mathematics teachers' metacognitive awareness
levels on ChatGPT usage, the obtained data will be analyzed under the subthemes of "problem-
solving," "ChatGPT usage," and "metacognitive awareness." The prominent points regarding these
themes, based on the responses of prospective mathematics teachers, are as follows: 1. Problem-
solving (cognitive strategies, self-regulation in problem-solving, problem solving support); 2. Chatgpt
usage (tool perception, satisfaction and engagement, critical evaluation); 3. Metacognitive awarness
(self-reflection and strategy monitoring, awarness of cognitive processes, limitation of Al, lack of
reflection in low metacognitive awarness groups).
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1. The responses of prospective mathematics teachers to each open-ended question are
presented below.

You want to buy glass for a photo frame with dimensions of 83 cm and 55
cm. If the square meter of glasses is 30 liras (1m2=30TL), would it be enough
to take 15 liras with you to buy the glass for this frame? Calculate

In this section, the responses provided by four prospective mathematics teachers will be
analyzed according to the identified themes: "Problem Solving," "ChatGPT Usage," and
"Metacognitive Awareness." Each teacher's responses to the two problem-solving questions will be
grouped and examined under these themes. The following subsections provide the breakdown of
each theme based on the individual responses of the prospective mathematics teachers.

4.1. Problem Solving Process

The first step in problem-solving involves analyzing the problem, which refers to understanding
the problem's structure, the given information, and identifying the goals and constraints. Below are
the responses of the four prospective mathematics teachers to the problem analysis phase.

S1(prospective mathematics teacherl) stated that he used ChatGPT as a support tool in the
problem-solving process.

"I use ChatGPT to make sure I'm doing it right. The ChatGPT is useful in multi-step complex
problems and verifies the solution" 51

This emphasis illustrates that ChatGPT plays a significant role in verification and troubleshooting.
In addition to this, the prospective mathematics teacher also noted that ChatGPT is useful in multi-
step problems, emphasizing the need to follow and verify complex steps.

“ChatGPT has been extremely useful in multi-step problems. However, sometimes when |

4

provide incomplete information, ChatGPT’s responses can be incorrect. In such cases, | manage to
obtain the correct answers by attempting to phrase the question more clearly. Additionally, |
always verify the answers | receive from ChatGPT myself.” (S1)

S1's practice of cross-checking the answers provided by ChatGPT with their own knowledge
indicates a critical approach and suggests that they view artificial intelligence as a supportive tool
rather than becoming entirely dependent on it.

“ChatGPT has been quite helpful in finding different solutions. It allows me to approach
solutions from an unfamiliar perspective. | find it particularly useful for non-routine problems.”
(52)

S2 expressed that ChatGPT brings alternative perspectives to problem-solving and is particularly
beneficial for non-routine types of problems. They also mentioned that in some cases, ChatGPT
provides suggestions related to the solution rather than solving the problem directly, but by asking
the question in a clearer manner, the problem is eventually resolved.

4.2. ChatGPT Usage

As mentioned by S1, S2, S3, and S4, ChatGPT is seen as a resource they turn to when solving
mathematics problems.

'‘ChatGPT even solves complex problems, and | can get good responses." (52, 53)
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Prospective mathematics teachers S2 and S3 expressed that they were impressed by ChatGPT's
problem-solving ability when they first encountered it.

'‘ChatGPT is very useful because it provides quick feedback and offers alternative solutions.'
(51)

According to the prospective mathematics teachers’ evaluations, the quick feedback and
alternative solution suggestions provided by ChatGPT contributed to the problem-solving process.

'It offers different perspectives on the question and facilitates operations in many ways.
However, it cannot perform advanced mathematical operations.' (52)

S2 noted that while ChatGPT offers different perspectives and facilitates operations in many
ways, it has some limitations, particularly in performing advanced mathematical operations.

4.3. Metacognitive Awareness

Metacognitive awareness significantly influences perceptions of ChatGPT use among prospective
mathematics teachers.

"As my metacognitive awareness level increases, | can use ChatGPT more effectively." (51)

S1's metacognitive awareness level improved during the problem-solving process with ChatGPT.
In his answers to the questions, he emphasizes that he is aware of his thinking processes while solving
problems and that these processes need to be analyzed.

The statement "Before asking a problem to ChatGPT, | need to realize how | think and which part
of the question | am stuck on" points to an element that increases the prospective teacher's
metacognitive awareness. He also stated that this increase in awareness enables ChatGPT to ask
more accurate questions.

“It is important to provide correct guidance when using ChatGPT. This situation is directly
proportional to the level of metacognitive awareness.” (52)

S2’s level of metacognitive awareness has enabled her to gain different perspectives when
solving questions with ChatGPT and has led her to realize that this skill can be applied to other types
of questions. In this way, S2 can better analyze its own thinking processes and develop effective
solutions to different types of problemes.

4.4, Conclusion and Feedback

S1 stated that ChatGPT had positive contributions to the education process and improved
problem-solving and thinking processes. The feedback and solutions provided by ChatGPT allowed
the pre-service teacher to evaluate his/her own thinking processes.

"I experienced an improvement in my problem-solving skills. | became more conscious,
especially in terms of metacognitive awareness." (51)

"I definitely felt an improvement; it allowed me to look at questions from different
perspectives." (52)

The pre-service teacher's analysis of problem-solving processes with ChatGPT seems to have
contributed to the development of his/her metacognitive awareness.

S2 stated that interaction with ChatGPT contributed to his/her thinking processes and increased
his/her metacognitive awareness. While emphasizing that he/she experienced a visible improvement
in his/her own learning and thinking skills with the statement "I definitely felt an improvement",
he/she expressed that this experience increased his/her flexibility of thought and enabled him/her to
develop alternative solutions with the statement "it allowed me to look at questions from different
perspectives". This shows that ChatGPT can play a guiding role in problem-solving processes and
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contribute to personal development. This data showed that we can conclude that the way pre-service
teachers use ChatGPT is related to their metacognitive awareness levels and that this awareness
makes the problem-solving process more effective.

“I began by carefully identifying the key elements of the problem.” S3

“I focused more on the mathematical operations involved in the problem and initially
struggled to identify the relationship between the given data. After using ChatGPT for assistance,
they quickly understood how to manipulate the information and begin the calculation process.”
S2

“I emphasized the importance of a conceptual approach. They noted the significance of
identifying patterns in the problem, linking it to previous knowledge, and recognizing similarities
with problems encountered in the past. They appeared more confident in understanding the
problem’s structure and started by rewriting the problem in simpler terms before proceeding to
the solution.” S3

“I began by analyzing the problem step by step, focusing on understanding the underlying
question. They mentioned that their first step was to clarify the goal and assess whether all
necessary information was provided. They also noted the potential pitfalls of misinterpreting the
problem’s objectives.” 54

They highlighted the need to first organize the given data and recognized the importance of
understanding the problem’s requirements. According to their response, they preferred to break
down the problem into smaller steps, starting with identifying what was already known and what
needed to be found.

4.5. ChatGPT Usage

After analyzing the problem, each prospective mathematics teacher used ChatGPT to assist in
solving the problem. Their usage of the Al tool was categorized as follows:

“l used ChatGPT primarily for confirming their initial approach to solving the problem. They
entered their preliminary understanding of the problem and used ChatGPT’s suggestions to refine
their strategy. They reported that ChatGPT was helpful in suggesting alternative methods for
solving the problem.” S1

One prospective mathematics teacher primarily used ChatGPT to confirm their initial approach
to solving the problem. This approach highlights how ChatGPT can serve as a tool for validation and
alternative exploration, helping teachers improve their initial solution framework.

"I heavily relied on ChatGPT to guide them through the problem-solving process. Initially
unsure of how to proceed, they used ChatGPT to break the problem into manageable parts.
ChatGPT provided step-by-step instructions, which allowed teacher to follow along and gain clarity
on the necessary steps for solving the problem." 52

Another prospective mathematics teacher relied heavily on ChatGPT to guide them through the
problem-solving process. By providing step-by-step instructions, ChatGPT helped the teacher gain
clarity and structure their approach, demonstrating how the Al tool can be a supportive guide when
the user is unsure about the process.

“I used ChatGPT more as a tool for verification rather than guidance. | felt confident in their
approach but wanted to double-check their solution. ChatGPT’s suggestions were used to confirm
the calculations and ensure that they had not overlooked any key details.” S3

A third prospective mathematics teacher used ChatGPT as a verification tool, not for guidance
but for double-checking their solution. S4 teacher felt confident in their approach but used ChatGPT’s
suggestions to confirm their calculations and ensure that no critical details were missed. This reflects
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a more critical, self-assured use of ChatGPT, where it serves as a means of validation rather than an
active guide.

“l used ChatGPT to explore different solution strategies. They evaluated multiple approaches,
relying on ChatGPT for feedback on their solutions. This process helped Teacher 4 evaluate various
methods, which led to a deeper understanding of the problem.” 54

The S4 prospective mathematics teacher used ChatGPT to explore different solution strategies.
By testing multiple approaches and relying on ChatGPT’s feedback, the teacher evaluated various
methods and deepened their understanding of the problem. ChatGPT as a tool for experimentation
and exploration, helping the teacher refine their problem-solving techniques and broaden their
understanding. Each prospective mathematics teacher utilized ChatGPT in unusual ways, depending
on their needs at each stage of the problem-solving process.

4.6. Metacognitive Awareness

Metacognitive awareness refers to the ability to reflect on one's own thinking process,
monitoring and regulating it as needed. Each prospective mathematics teacher’s responses were
analyzed for signs of metacognitive awareness during their problem-solving process:

“I demonstrated a powerful sense of metacognitive awareness. They were constantly
reflecting on their understanding of the problem and their approach to solving it. They also noted
how using ChatGPT helped them become more aware of alternative strategies, leading to a deeper
understanding of the problem-solving process.” 51

The first prospective mathematics teacher demonstrated a powerful sense of metacognitive
awareness throughout the problem-solving process. This indicates an active engagement in self-
reflection and a conscious effort to refine their problem-solving methods.

“I displayed less metacognitive awareness initially, as they seemed uncertain about how to
proceed with the problem. However, once they began interacting with ChatGPT, they began to
reflect on their thought process, which helped them gain a better understanding of the problem.
They mentioned that ChatGPT prompted them to think more critically about the problem.” 52

The first prospective mathematics teacher demonstrated an intense sense of metacognitive
awareness throughout the problem-solving process. They consistently reflected on both their
understanding of the problem and their approach to solving it. This indicates an active engagement
in self-reflection and a conscious effort to refine their problem-solving methods.

"I exhibited an important level of metacognitive awareness throughout the process. They
continually assessed their own understanding of the problem and adjusted their approach as
necessary. Their confidence in problem-solving seemed to be guided by both self-reflection and
validation through ChatGPT, which allowed them to refine their thinking." S3

The third prospective mathematics teacher exhibited a high level of metacognitive awareness
throughout the entire process. This shows that the teacher was actively involved in both
introspection and using external feedback to refine their thinking, enhancing their problem-solving
process.

“I demonstrated moderate metacognitive awareness. They were aware of their own thought
process but relied more on the Al tool for guidance. Despite this reliance, they noted that they
often reflected on whether ChatGPT’s suggestions aligned with their own reasoning, which
allowed them to adjust their strategies as needed.”54

The fourth prospective mathematics teacher demonstrated a moderate level of metacognitive
awareness. While they were aware of their own thought process, they relied more heavily on
ChatGPT for guidance. Despite this, they reflected on whether ChatGPT’s suggestions aligned with
their reasoning, which allowed them to adjust their strategies as needed. This suggests that while
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they were more dependent on the Al tool, they still engaged in some reflective thinking to ensure
the coherence of the solution with their own understanding.

4.7. Integration of Metacognitive Awareness and ChatGPT Usage

The relationship between metacognitive awareness and ChatGPT usage became particularly
evident in the way each prospective mathematics teacher interacted with the Al tool. Those with
higher levels of metacognitive awareness seemed to use ChatGPT more strategically, integrating it
into their problem-solving process as a tool for verification or exploring alternative strategies. The
prospective mathematics teachers with lower levels of metacognitive awareness, however, appeared
to use ChatGPT more as a primary tool for guidance, relying on it to structure their thinking and lead
them through the solution process.

These findings highlight the importance of developing metacognitive awareness in prospective
mathematics teachers, as it appears to influence how effectively they use Al tools like ChatGPT in
problem-solving contexts. Enhancing metacognitive skills can help teachers make more intentional
and strategic use of technology, leading to more effective learning outcomes.

2. The gqualitative analysis of the second open-ended question is given in the following section.

A blind man stranded in the desert has two red and two blue pills in
his box. The man must take one blue and one red pill to survive. Any
other combination will cause the man's death. How does a blind man
manage to take one blue and one red pill without seeing?

4.8. Problem-Solving Process

S3 stated that during the problem-solving process, ChatGPT provided extremely fast and near-
accurate information, saving time, and enhanced their reasoning skills by pointing out aspects of the
problem that might otherwise have been overlooked.

"Since ChatGPT provides us with very fast and near-accurate real information, it contributes
to saving time. On the other hand, in some problem situations where we need to use reasoning to
find the solution, it shows us how to approach it." (S3)

ChatGPT contributes significantly to time efficiency by providing fast and accurate information.
It helps users quickly access relevant data, which speeds up the problem-solving process. On the
other hand, alternative solutions and problem-solving flexibility are given. ChatGPT also aids in
exploring alternative solutions, allowing users to consider different approaches to solving a problem.
This indicates that ChatGPT not only speeds up access to information but also supports the user in
their thinking and analysis processes.

S4 mentioned that during the problem-solving process, ChatGPT helped save time by increasing
speed, especially in problems that required procedural skills, and supported problem-solving by
offering alternative solutions.

"If the solutions to problems only require processing steps, using ChatGPT speeds up.
Additionally, using ChatGPT helps us see different solution paths. However, it does not solve
numerical logic problems correctly, like the one here... But I've noticed it gives successful results in
problems that require processing steps." (54)
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For problems that require processing steps, ChatGPT helps users by accelerating the solution
process. The Al tool is particularly effective in step-by-step procedural tasks, where users can follow
the instructions or calculations provided by ChatGPT, leading to quicker and more efficient solutions.
ChatGPT has limitations in solving numerical logic problems. As noted, it struggles with abstract or
more complex problems that require logical reasoning or numerical manipulation beyond basic
operations.

With the statement, "I noticed it gives more accurate results in procedural problems than in
numerical logic problems," they highlighted that ChatGPT performs well in process-focused problems
but provides more limited assistance in abstract thinking and logic problems. However, its utility is
more limited in numerical logic problems and tasks that require complex abstract reasoning.
Therefore, while ChatGPT is a valuable tool for improving efficiency and exploring different strategies,
its support is most beneficial for problems that rely on clear, procedural steps rather than abstract
logic or deep reasoning.

4.9. ChatGPT Usage

Initially, S3 faced challenges in using mathematical expressions with ChatGPT, particularly in the
realm of pure mathematics. S3 reported that the feature allowing the upload of pictures of
mathematical problems (such as photos of written questions) significantly improved their experience,
making it easier to work with complex problems. This indicates that visual inputs (e.g., images of
problems) facilitated a more efficient interaction with ChatGPT, offering a solution to the limitations
they initially encountered.

S3 stated that they initially struggled with using mathematical expressions in ChatGPT, but over
time, they learned to use the system more efficiently.

“At first, | had difficulty using mathematical expressions in ChatGPT. Honestly, | did not use it
much for pure mathematics. However, later, the ability to upload pictures of questions from files
made my work much easier.” (53)

S3 specifically mentioned that the ability to upload photos of questions helped simplify the
process of solving complex mathematical problems and positively contributed positive usability of
the tool.

ChatGPT's ability to accept images of problems provided a valuable tool for overcoming initial
difficulties with mathematical expressions, making the tool more accessible and useful for
mathematical problem-solving.

S4 reported that they initially tried to solve problems independently, but when they encountered
difficulties or got stuck, they turned to ChatGPT for assistance. This suggests that S4 relied on
ChatGPT as a support tool rather than a primary solution source, indicating a more strategic use of
the Al tool—when needed, to help overcome obstacles or gain alternative perspectives. Moreover,
S4 used ChatGPT to explore different solution methods, showing that they used the tool not only for
troubleshooting but also to broaden their problem-solving approach.

“At first, | tried to solve the problems on my own. When | could not solve them or got stuck, |
used the ChatGPT application. Sometimes, | also used it to see different solution methods.” (S4)

S4'’s active participation in the problem-solving process allowed them to develop their thinking
and analysis skills while also discovering new methods with ChatGPT’s assistance. Thus, it can be
concluded that ChatGPT provided an opportunity for users to maintain their independent thinking
abilities while also enhancing their problem-solving competence by utilizing alternative solutions.
Both S3 and S4's experiences highlight the supportive role of ChatGPT in problem-solving.
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4.10. Metacognitive Awareness

The use of ChatGPT by prospective mathematics teachers leads to positive outcomes in terms of
metacognitive awareness. On the other hand, it could also potentially lead to psychological distress
for the prospective mathematics teachers.

“ChatGPT is on a much higher level than | am. Naturally, if | compare every piece of
information, | search for with the answers it provides, it could lead me to psychological collapse.
From a metacognitive awareness perspective, of course, it has an effect. At times, | find my level
of metacognitive awareness sufficient, while at other times, | think it needs improvement." (S3)

S3 pointed out that encountering ChatGPT's high-level knowledge capacity led them to reassess
their own knowledge level, which at times caused them to question their personal competence and
experience psychological discomfort. However, they also acknowledged that this process offered an
important opportunity for development in terms of metacognitive awareness. This suggests that,
while ChatGPT could be a source of comparison, it could more effectively be viewed as a learning tool
rather than a benchmark for self-assessment, thus deepening the user's metacognitive awareness.
Prospective mathematics teachers are able to interpret ChatGPT's responses based on their own
awareness and knowledge level.

"The way we interpret the solutions to questions in ChatGPT can change depending on our
level of awareness." (54)

S4 emphasized that the solutions to questions in ChatGPT evaluated in unusual ways, depending
on the individual's awareness level. It means that a person with higher metacognitive awareness is
more likely to analyze the solutions provided by ChatGPT in greater depth and compare them with
their own thinking processes.

5. Conclusion and Feedback

Prospective mathematics teachers reported that when they relied on ChatGPT to evaluate
problem solutions, they did not engage in interpreting the results themselves, which they believed
could dull their thinking skills.

"ChatGPT saves time, and it is quite useful for gaining ideas for assignments or studies, but
this depends on the purpose of use. As humans, instead of thinking about the result of the
information or the problem, we take the easy route by asking for artificial intelligence, which dulls
our thinking skills. | think ChatGPT gives more detailed answers when questions are asked in
English, because its primary language is English, and | have particularly noticed this with the way
the questions are phrased." (53)

S3 noted that ChatGPT saves time and is useful for gaining ideas for assignments or studies, but
its effectiveness can vary depending on the purpose of use. They also highlighted the importance of
balancing the efficient use of artificial intelligence as a learning tool with the risk of dulling one’s
thinking abilities. Furthermore, S3 observed that when questions asked in English, ChatGPT tended
to provide more detailed answers, suggesting that the Al's performance can be influenced by the
language in which questions are asked.

Prospective teachers also mentioned that ChatGPT serves as a guiding tool during problem-
solving processes but emphasized the importance of using the tool correctly.

“It can help us determine the approach to take in problem-solving. However, sometimes it
provides incorrect solutions, or at times, | use it to find the quick answer without giving enough
thought to the problem. This can hinder our development." (54)

S4 stated that ChatGPT sometimes provided incorrect solutions. Based on this data, we can
conclude that when using ChatGPT as a guide, it is essential to keep the thinking process active and
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not to abandon the effort of solving problems. In the long run, this approach will be more beneficial
for development.

In summary of these qualitative data, the analysis reveals that prospective mathematics teachers
with higher metacognitive awareness tend to use ChatGPT more effectively and engage in deeper
reflection during problem-solving tasks. These findings suggest that fostering higher levels of
metacognitive awareness can improve the way prospective mathematics teachers utilize Al tools like
ChatGPT, enhancing both their problem-solving abilities and their overall learning experience.

6. Discussion

ChatGPT provided various forms of support during the problem-solving process for different
prospective mathematics teachers. S1 used ChatGPT primarily as a tool for verification and error
correction, noting that it provided reassurance during complex, multi-step problems by meeting the
need for validation. S2 highlighted the tool's usefulness in offering alternative perspectives,
particularly in non-routine problems, and concluded that the quality of solutions varied based on the
way the questions framed. This result shows that ChatGPT is not only a solution-providing tool but
also an assistant that facilitates the development of solution paths for the user. According to S3's
evaluation, ChatGPT saved time by providing fast and near-accurate information, while also
supporting reasoning skills by highlighting aspects of problems that might otherwise overlooked. This
demonstrates that ChatGPT contributes to both quick access to information and the thinking process.
S4 emphasized ChatGPT's effectiveness in processing heavy problems, noting that it accelerated
problem-solving, but its contributions were more limited for abstract logic problems. Karabiyik (2024)
found that, according to teacher perspectives, ChatGPT's artificial intelligence algorithms and
machine learning capabilities allowed it to analyze complex problems and generate rapid responses,
helping solve questions in seconds. Similarly, Aleven et al. (2002) focused on how Al-based
educational systems provided personalized feedback and practice opportunities and tracked student
progress. In ElSayary's (2023) study, educators used ChatGPT as a supportive tool in teaching rather
than as a direct learning tool. The findings of the present study align with these studies. The results
indicate that ChatGPT's effectiveness varies depending on the type of problem.

Prospective teachers viewed ChatGPT as a supportive tool that facilitates the learning process in
mathematics. S1 mentioned that ChatGPT was effective in solving complex problems and provided
valuable feedback and alternative solutions, contributing to the process. S2 acknowledged that
ChatGPT provided different perspectives, making processes easier, but also pointed out its limitations
in high-level mathematics. S3, although initially struggling with mathematical expressions, had a
positive experience due to the tool's photo upload feature, which helped them with mathematical
problems. This feature supports those who struggle in pure mathematics. S4 used ChatGPT not only
when stuck but also to explore different solution paths, which they found helpful in improving their
thinking and analytical skills. Kojo et al.'s (2018) study found that factual and guiding questions
promoted less student independence and active participation compared to exploratory questions.
Dertli et al. (2024) concluded that while ChatGPT was capable of successfully guiding students
through mathematical problem-solving processes, it fell short in encouraging deeper, higher-level
thinking on a single problem. Despite its ability to generate reasonable answers, ChatGPT has
shortcomings (Farrokhnia et al., 2024; Tabone & De Winter, 2023). However, it is also evident that
ChatGPT has limitations in prompting higher-level thinking for both students and prospective
mathematics teachers.

The analysis of the prospective mathematics teachers' responses to mathematical problems
indicates that ChatGPT played a significant role in enhancing metacognitive awareness. S1, during
the problem-solving process with ChatGPT, became more aware of their thinking processes, which
led to a more strategic approach to questions, increasing their metacognitive awareness. S2 gained
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different perspectives through ChatGPT and was able to apply this skill to other types of problems.
The emphasis on correct guidance enhancing metacognitive awareness highlights the importance of
using the tool effectively. S3 used ChatGPT's information capacity to assess their own knowledge
level, finding that while this process was sometimes challenging, it provided an opportunity for
metacognitive growth. This can be seen as an opportunity for self-awareness and identifying areas
for improvement. S4 pointed out that the level of awareness directly affected how ChatGPT's
solutions interpreted, with individuals having higher levels of metacognitive awareness being able to
analyze solutions more deeply. Overall, ChatGPT not only provided information but also helped
deepen thinking processes and improve analysis skills, with metacognitive awareness playing a crucial
role in determining the quality of the benefits gained from ChatGPT.

In line with these analyses, it found that prospective mathematics teachers with important levels
of metacognitive awareness were able to effectively plan their cognitive and learning processes while
using ChatGPT. They were able to develop their analytical skills and deepen their thinking.
Furthermore, these prospective mathematics teachers expressed satisfaction and interest in
ChatGPT, as it quickly solved problems and provided ease in different areas. These results align with
the findings of the quantitative analysis. Prospective mathematics teachers with lower levels of
metacognitive awareness, on the other hand, used ChatGPT primarily for verifying the accuracy of
operations, error correction, and seeking answers to abstract or higher-level questions. They also
evaluated ChatGPT's information capacity as a tool for reviewing their knowledge level,
acknowledging that this process could sometimes be challenging. Based on these findings, it
concluded that prospective mathematics teachers with high metacognitive awareness used ChatGPT
as an effective tool in solving mathematics problems, developing more conscious strategies by
enhancing their metacognitive awareness, and benefiting significantly from ChatGPT's rapid feedback
in the problem-solving process. Their teaching practices may also reflect these experiences, allowing
them to engage in problem-solving activities with more conscious and strategic approaches. On the
other hand, prospective mathematics teachers with lower levels of metacognitive awareness tended
to use ChatGPT more for evaluation and control purposes. This highlights how their metacognitive
awareness levels shaped their attitudes and strategies toward using ChatGPT.

The prominent points regarding these themes, based on the responses of prospective
mathematics teachers, are as follows:

Mathematics preservice teachers with higher metacognitive awareness levels demonstrated
more systematic and reflective problem-solving approaches. These mathematics preservice teachers
used ChatGPT not only as a tool for generating solutions, but also to validate the accuracy of their
approaches. Mathematics preservice teachers with lower levels of metacognitive awareness, on the
other hand, tended to take a more linear approach, often relying on ChatGPT to provide direct
answers rather than engaging in deeper thought about the problem-solving process. When using
ChatGPT to complete tasks, they were less likely to critically evaluate the logic behind the solutions
generated by the Al. Mathematics preservice teachers with higher levels of metacognitive awareness
also reported using ChatGPT as a way to explore alternative methods for solving problems. They
viewed the Al as a collaborator who could suggest different solution strategies and foster a broader
understanding of mathematical concepts. They appreciated the Al's ability to provide step-by-step
solutions and explain concepts in a variety of ways. Those with higher metacognitive awareness also
expressed greater satisfaction with the tool, particularly appreciating its ability to provide immediate
feedback and clarify doubts. Teachers with lower metacognitive awareness, on the other hand,
tended to use ChatGPT more passively. They were less likely to follow the steps of problem solving
and often relied on ChatGPT without questioning their answers. In summary, the analysis suggests
that potential mathematics preservice teachers with higher metacognitive awareness tend to use
ChatGPT more effectively and engage in deeper reflection during problem solving tasks. They adopt
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a more critical, self-regulated approach when using the tool and often exploit its potential to enhance
understanding and explore alternative solution strategies. This resulted in a high inter-rater reliability
score of 90%. To summarize the findings, metacognitive awareness significantly influences
perceptions of ChatGPT use among potential mathematics preservice teachers, particularly in terms
of perceived effectiveness and satisfaction. Regression analysis showed a positive relationship
between metacognition, an opportunity for self-awareness, and identifying areas for improvement.
Overall, ChatGPT not only provided information but also helped deepen thinking processes and
improve analysis skills, with metacognitive awareness playing a crucial role in determining the quality
of the benefits gained from ChatGPT.

In line with these analyses, it was found that prospective mathematics teachers with high levels
of metacognitive awareness were able to effectively plan their cognitive and learning processes while
using ChatGPT. They were able to develop their analytical skills and deepen their thinking.
Furthermore, these prospective mathematics teachers expressed satisfaction and interest in
ChatGPT, as it quickly solved problems and provided ease in many areas. These results align with the
findings of the quantitative analysis. Prospective mathematics teachers with lower levels of
metacognitive awareness used ChatGPT primarily to verify the accuracy of operations, correct errors,
and seek answers to abstract or higher-level questions. Based on these findings, it can be concluded
that prospective mathematics teachers with high metacognitive awareness used ChatGPT as an
effective tool in solving mathematics problems, developing more conscious strategies by enhancing
their metacognitive awareness, and benefiting significantly from ChatGPT's rapid feedback in the
problem-solving process. It is predicted that these experiences may also be reflected in their teaching
practices, allowing them to engage in problem-solving activities with more conscious and strategic
approaches. On the other hand, prospective mathematics teachers with lower levels of
metacognitive awareness tended to use ChatGPT more for evaluation and control purposes. This
highlights how their metacognitive awareness levels shaped their attitudes and strategies toward
using ChatGPT. Artificial intelligence can present information from various sources (Rudolph et al.,
2023). This allows prospective mathematics teachers to view Al as a valuable information source to
support their learning processes and quickly adapt to scientific innovations. However, it should not
be overlooked that while Al tools can provide accurate and up-to-date information, they may also
give incorrect or incomplete information. Seden and Broutin's study emphasizes the importance of
this approach.

7. Recommendations

The findings of this study highlight the critical role of metacognitive awareness in learning
processes supported by Al tools. Based on these results, recommendations are made for educators
and policymakers: The role of Al tools such as ChatGPT in education should investigated on a broader
scale. More research is needed to investigate how these tools are effectively integrated into teaching
and learning processes across disciplines and educational levels. This research should aim to
understand not only the potential benefits of Al tools, but also the challenges that may arise in their
implementation and use. Professional development opportunities should provide teachers with a
better understanding of how Al tools such as ChatGPT are used to support and enhance teaching and
learning. Based on the findings of this study, it is important to develop strategies for effectively
integrating Al-enhanced learning tools into educational environments. These strategies should
address how to use Al to support metacognitive development and how to balance Al use with
traditional teaching methods. Al tools should not replace the teacher but rather complement the
learning process by providing personalized support and encouraging a deeper understanding of the
content. Educators and policymakers should implement programs and develop educational materials
that help students and potential mathematics teachers develop metacognitive strategies. This may
include integrating activities that encourage self-regulation, reflection, and critical thinking into the
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curriculum. Teaching practices that encourage students to monitor their thought processes, evaluate
their strategies, and adjust their approaches can promote metacognitive awareness. Educators
should encourage students and potential mathematics teachers to engage critically with Al tools.
Students should teach questions and validate information provided by Al systems rather than simply
accepting Al-generated solutions. Future research should investigate how Al tools such as ChatGPT
affect the development of metacognitive skills over time. In conclusion, this study contributes to
understanding the potential of Al tools such as ChatGPT in education. It highlights the role of
metacognitive awareness in facilitating effective learning with these tools.

8. Conclusion

ChatGPT provided various forms of support during the problem-solving process for different
prospective mathematics teachers. S1 used ChatGPT primarily as a tool for verification and error
correction, noting that it provided reassurance during complex, multi-step problems by meeting the
need for validation.

This study examined the impact of prospective mathematics teachers' metacognitive awareness
levels on their use of ChatGPT during problem-solving processes. The results of the quantitative
analysis revealed that the teachers' metacognitive awareness levels influenced their perceptions of
the effectiveness of ChatGPT, as well as their satisfaction and engagement with the tool. Qualitative
data supported these findings.

This study finds that; ChatGPT is not only a solution-providing tool but also an assistant that
facilitates the development of solution paths for the user; ChatGPT's effectiveness in processing-
heavy problems, noting that it accelerated problem-solving, but its contributions were more limited
for abstract logic problems; ChatGPT, when used with appropriate strategies in educational contexts,
can support prospective mathematics teachers by enhancing their metacognitive awareness and
problem-solving skills; Prospective teachers viewed ChatGPT as a supportive tool that facilitates the
learning process in mathematics; ChatGPT has limitations in prompting higher-level thinking for both
students and prospective mathematics teachers.

In conclusion, the findings of this study suggest that prospective mathematics teachers
effectively used ChatGPT in their problem-solving processes, enhancing their metacognitive
awareness and developing more conscious strategies. The rapid feedback provided by ChatGPT
contributed significantly to the problem-solving process. These experiences are expected to influence
prospective mathematics teachers' teaching practices, potentially leading to more strategic and
conscious approaches to problem-solving activities.
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