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Abstract: This study investigates the cognitive orientations underlying prompts produced by 10th-grade students during
written interactions with ChatGPT while learning functions, as well as the explanatory strategies reflected in ChatGPT’s
responses. The study aims to identify interaction patterns and associated learning needs. Adopting a qualitative
approach, the research was designed as an exploratory case study. Participants were eight students (five female, three
male) from a private science high school in southern Tirkiye. Data consisted of transcripts of student—ChatGPT
interactions recorded during the implementation process. A worksheet on functions structured the learning environment
and guided the interactions. Data were analyzed through content analysis using open coding, and student prompts were
categorized into five groups. Findings showed that prompts were primarily definition-oriented (41.2%) and
representation-oriented (27.5%). ChatGPT’s responses reflected three main explanatory strategies: exemplifying (35.3%),
visualizing (33.1%), and preventive (31.6%). Overall, the findings indicate that ChatGPT can support conceptual
clarification and enrich representational understanding in mathematics learning. However, the effectiveness of this
support appears closely related to the quality of students’ questioning, verification, and self-regulation behaviors.
Accordingly, the study offers recommendations for integrating generative artificial intelligence into mathematics
education, emphasizing pedagogically structured usage scenarios and appropriate instructional guidance.
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Fonksiyon Ogrenme Siirecinde ChatGPT-Ogrenci Etkilesiminin incelenmesi

Oz: Bu arastirma, 10. sinif 6grencilerinin fonksiyonlar konusunu &grenirken ChatGPT ile kurdugu yazili etkilesimlerde
Uretilen promptlarin biligsel yonelimini ve ChatGPT yanitlarinin agiklama stratejilerini incelemeyi amaglamaktadir.
Arastirma, etkilesim orintilerini ve ortaya ¢ikan 6grenme ihtiyaclarini betimlemeye odaklanmistir. Nitel yaklasimda
kesfedici durum c¢alismasi deseninde yuritilen galismanin katilimcilari Tiirkiye’nin giiney bolgesinde bulunan bir 6zel fen
lisesinde 6grenim goren 8 6grencidir (5 kiz, 3 erkek). Temel veri kaynagi, uygulama sirasinda kaydedilen 6grenci—ChatGPT
prompt—yanit dokiimleridir; 6grenme baglamini yapilandirmak amaciyla fonksiyonlar galisma kagidi kullanilmistir. Veriler
icerik analiziyle agik kodlama vyoluyla ¢6ziimlenmis, promptlar bes kategori altinda siniflandiriimistir. Bulgular,
promptlarin en ¢ok tanima yonelik (%41,2) ve temsile yonelik (%27,5) oldugunu; ChatGPT yanitlarinin ise érnekleyici
(%35,3), gorsellestirici (%33,1) ve onleyici (%31,6) bigcimlerde dagildigini gdstermistir. Sonuglar, ChatGPT’nin kavramsal
netlestirme ve temsil zenginlestirme potansiyeline sahip oldugunu; ancak 6grenme giktilarinin 6grencinin soru sorma
niteligi ile dogrulama ve 6z-diizenleme davranislariyla iliskili oldugunu ortaya koymustur. Bu sonuglarina bagli olarak
Uretken yapay zeka araglarinin matematik 6gretiminde etkili kullanimi, pedagojik olarak yapilandiriimis kullanim
senaryolari ve rehberlik stratejilerine yonelik gesitli 6neriler sunulmustur.
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Introduction

Artificial intelligence (Al) is a multidisciplinary field that seeks to design and develop computer systems capable of
emulating human cognitive processes such as thinking, learning, and problem solving (Zawacki-Richter et al., 2019). In its
early stages, Al research primarily focused on rule-based systems and relatively limited algorithmic structures. However,
with the rapid advancement of machine learning and natural language processing technologies, Al has evolved into more
flexible, interactive, and adaptive systems (Kasneci et al., 2023). This technological progress has created substantial
opportunities within the field of education, particularly by enabling the development of personalized learning
environments that can accommodate students’ individual learning pace and specific learning needs (Luckin et al., 2016).
Al-supported systems assume functions such as providing immediate feedback, offering multiple explanatory
approaches, and supporting the learning process at an individual level (Hwang & Tu, 2021). This development contributes
to the transformation of traditionally teacher-centered instructional processes into more student-centered and
interactive structures (Holmes et al., 2019). Systems referred to as large language models (LLMs) are capable of
generating context-sensitive responses and establishing interaction-based learning environments through natural
language engagement with users (Kasneci et al., 2023).

Chat Generative Pre-trained Transformer (ChatGPT) is an artificial intelligence—based chatbot developed using large
language models built upon natural language processing technologies (Kasneci et al., 2023; UNESCO, 2023). ChatGPT has
established a pedagogical environment in which students can pose questions related to mathematical concepts, receive
immediate explanations, and direct their learning processes through interaction (Lo, 2023). The transformation of
artificial intelligence tools from systems that merely transmit information into learning partners that support students’
modes of thinking and problem-solving strategies represents one of the most evident indicators of educational change
(Hwang & Tu, 2021). The opportunity for students to progress according to their individual learning pace, identify their
mistakes, and receive immediate feedback has the potential to transform the mathematics learning process into a more
dynamic structure that fosters self-regulated learning (Baidoo-Anu & Owusu Ansah, 2023). Although artificial intelligence
offers substantial opportunities for education, the literature also emphasizes several important limitations that should
be carefully considered when integrating Al-supported tools into learning environments. Large language models such as
ChatGPT generate responses based on probabilistic predictions rather than genuine conceptual understanding, which
may result in inaccurate explanations, misleading examples, or mathematically incorrect solutions (Kasneci et al., 2023;
UNESCO, 2023). Furthermore, students may experience difficulties evaluating the correctness of Al-generated content,
particularly in domains that require high levels of conceptual precision such as mathematics (Wardat et al., 2023).
Concerns have also been raised regarding overreliance on Al systems, reduced critical evaluation of information, and the
possibility that learners may accept generated responses without sufficient reflection (Bozkurt, 2023). Consequently,
contemporary research increasingly emphasizes that Al should not be viewed as a replacement for teachers but rather
as a cognitive support tool to complement learning disabilities whose educational effectiveness depends on the quality
of learner interaction and teacher guidance (Holmes et al., 2019; Hwang & Tu, 2021).

Within the context of mathematics education, learning disabilities often stem from the density of abstract concepts
(functions, limits, etc.) and the necessity of learning mathematical concepts not only at a procedural level but also at a
conceptual level (Altun, 2015). Although the concept of function occupies a central position in mathematics instruction
and constitutes one of the fundamental components of the high school mathematics curriculum, it remains among the
topics with which students experience the greatest difficulty (Ozkaya & isleyen, 2012). Functions require understanding
the relationships between variables, transitioning among graphical, algebraic, and verbal representations, and employing
abstract thinking skills (Duval, 2006; Sfard, 1991). However, students frequently approach the concept of function merely
at a procedural level and encounter difficulties in making sense of the domain, range, and relational structure at a
conceptual level (Tall & Vinner, 1981; Ozkaya & isleyen, 2012). Tall and Vinner (1981) argue that learners often develop
personal concept images that differ from formal mathematical definitions, leading to persistent misconceptions about
functions. Similarly, Sfard (1991) suggests that understanding mathematical concepts requires a transition from
operational interpretations toward structural conceptions, a shift that many students find challenging when learning
functions. From a representational perspective, Duval (2006) emphasizes that mathematical understanding depends on
the ability to coordinate and transform among different semiotic representations. Since functions can be represented
graphically, algebraically, numerically, and verbally, students must continuously translate between these representations
to construct conceptual understanding. Difficulties in these transformations often result in fragmented knowledge
structures and procedural rather than conceptual learning. Consequently, the topic of functions has long been recognized
as a critical area for examining students’ conceptual development and mathematical reasoning processes. This situation
highlights the need for process-oriented and interaction-based instructional approaches that support conceptual
understanding in the teaching of functions (Cope et al., 2021). In other words, the concept of function represents a
particularly appropriate context for investigating Al-supported learning interactions because it combines conceptual
complexity with multiple representational demands.
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The interactive affordances of ChatGPT may be particularly relevant in this context. The opportunities provided by Al-
supported tools—such as requesting explanations, transitioning between representations, and discussing solution
strategies—hold significant pedagogical potential for learning the concept of function (Wardat et al., 2023). In abstract
concepts that require representational transformations, ChatGPT can facilitate establishing relationships among graphs,
tables, and algebraic expressions, thereby enabling students to recognize their conceptual errors and structure their
thinking (Wardat et al., 2023). However, understanding the educational value of these opportunities requires examining
not only the correctness of Al-generated answers but also the nature of the questions students formulate and the types
of support generated by the Al system during the learning process. The literature indicates that studies examining the
effects of ChatGPT in mathematics education have largely adopted outcome-oriented approaches, while process-
oriented research investigating students’ cognitive behaviors and questioning tendencies during interactions with
artificial intelligence remains limited (Bozkurt, 2023; Demircioglu et al., 2024). Particularly in the Turkish context, the lack
of qualitative studies examining the interaction patterns formed by ChatGPT during students’ learning processes related
to the topic of functions is noteworthy (Karabiyik, 2024).

Building upon the aforementioned gap in the literature, this study focuses on examining the nature of the interaction
established between students and ChatGPT during the learning process of the topic of functions. This interaction is based
on three complementary theoretical perspectives: (i) constructivist views of conceptual development in mathematics
(Tall & Vinner, 1981), (ii) semiotic representation theory (Duval, 2006), and (iii) cognitive load and worked-example theory
in learning processes (Clark & Paivio, 1991; Sweller, 1988). These frameworks collectively inform how students construct
meaning in interaction with Al-based systems and how generative responses may function as cognitive support tools.
Within the scope of this research, ChatGPT is not conceptualized as a tool that replaces the teacher; rather, it is
approached as a learning partner that supports students’ thinking processes and makes their cognitive orientations visible
through the questions (prompts) they generate (Hwang & Tu, 2021). The study aims to contribute to the existing literature
by offering both theoretical and practical insights into how Al-supported learning environments are reflected in
mathematics learning processes from an interactional perspective (Bozkurt, 2023; Kasneci et al., 2023). In addition, the
findings are expected to provide teachers with concrete examples illustrating how ChatGPT can be utilized as a cognitive
guidance tool within classroom and hybrid instructional settings, thereby presenting a practice-oriented framework (Lo,
2023). In this respect, the study seeks to contribute to both academic discussions and educational practice by generating
implications for the integration of Al-supported tools into instructional designs and for the effective structuring of teacher
guidance. In line with this objective, the study aimed to address the following research questions:

1. In the learning process related to the topic of functions, what types of cognitively oriented questions (prompts) do
students pose to ChatGPT?

2. In the learning process related to the topic of functions, what types of pedagogically functional responses does
ChatGPT provide to students’ questions?

This study is based on the assumption that the written expressions and question formats produced by students during
their interaction with ChatGPT provide meaningful indicators for understanding cognitive orientations and support needs
within the learning process. The notion of cognitively oriented questions refers to student-generated questions that
reflect cognitive processes associated with understanding, interpreting, connecting, explaining, justifying, or evaluating
mathematical ideas. Rather than focusing solely on obtaining a correct answer, these questions reveal learners’ attempts
to construct meaning, resolve conceptual uncertainty, and develop understanding of the topic. From this perspective,
students’ questions are considered indicators of their cognitive orientations during learning. Correspondingly, instead of
conceptualizing ChatGPT outputs as cognitively oriented responses, this study interprets them as cognition-supporting
responses that provide explanations, examples, representational connections, feedback, or pedagogically functional
guidance intended to facilitate students’ understanding. This distinction is important because cognitive orientation is
fundamentally a characteristic of learners’ thinking processes, whereas Al-generated responses function as external
supports that may contribute to those processes.

Method
Research Design

This study was conducted within the framework of a qualitative research approach, as it aims to explore in depth the
structure of the interaction established between students and ChatGPT during the learning process of functions, as well
as the cognitive processes that emerge throughout this interaction. Qualitative research allows for the examination of
phenomena within their natural contexts, particularly in situations where individuals’ experiences, interaction patterns,
and meaning-making processes cannot be adequately explained through quantitative variables alone (Creswell, 2013;
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Yildinm & Simsek, 2018). In this respect, qualitative approaches provide a robust theoretical framework for studies
seeking to analyze the internal structure of participants’ experiences and interpretations (Merriam, 2009). In the present
study, the context-based examination of both the questions generated by students during their interaction with ChatGPT
and the structure of the responses provided by the system required the adoption of a qualitative methodological
perspective.

Within this qualitative framework, the study employed a case study design. Case studies enable researchers to
examine a contemporary phenomenon holistically and in depth within its real-life context, particularly when the
boundaries between the phenomenon and its context are not clearly defined (Yin, 2018). The case investigated in this
study consists of the interaction patterns established between students and ChatGPT, an artificial intelligence—based
large language model, during the process of learning the topic of functions. Since the research sought to analyze both
students’ questioning patterns and the response-generation structures of ChatGPT within a natural learning
environment, the case study design was considered an appropriate methodological choice for addressing the research
objectives.

Participants

The study group consisted of eight 10th-grade students enrolled in a private science high school located in the
southern region of Tirkiye. Among the participants, five were female and three were male. The participants were
selected through purposeful sampling, a strategy commonly employed in qualitative research to obtain rich and in-depth
data relevant to the research problem (Yildirim & Simsek, 2018). This sampling approach was preferred because it enables
the identification of participants who are most capable of reflecting the phenomenon under investigation and providing
detailed insights into the interaction process examined in the study. The participant selection process was guided by
three criteria that were directly related to the purpose of the research. First, students were required to participate
voluntarily in all stages of the study. Second, participants were expected to have prior experience using ChatGPT or similar
Al-based conversational systems. This criterion was established to minimize difficulties arising from unfamiliarity with the
technology and to ensure that students could focus on the learning process rather than on learning how to use the tool
itself. Third, participants were required to demonstrate sufficient cognitive readiness for engaging in learning activities
related to the concept of functions. Cognitive readiness in this study referred to students’ prior exposure to the topic of
functions within the mathematics curriculum, their ability to interpret mathematical representations such as graphs and
algebraic expressions at a basic level, and their capacity to formulate questions and sustain dialogue during interaction-
based learning activities. Information regarding these characteristics was obtained through consultation with the
mathematics teacher and a review of students’ recent mathematics performance records. This criterion was considered
important because the study aimed to examine the nature of students’ interactions with ChatGPT while learning
functions; therefore, participants needed to possess the foundational knowledge required to meaningfully engage in
discussions related to the topic. In accordance with these criteria, the selected students participated in the ChatGPT
interaction process, and all data collection procedures were carried out with this group. Prior to the implementation of
the study, participants were informed about the purpose, scope, and procedures regarding the use of the collected data.
To ensure confidentiality, students were represented using coded identifiers during the analysis process, and no personal
information was included in the reporting of the findings. Furthermore, the necessary ethics committee approval and
institutional permissions were obtained before the study was conducted.

Data Collection Procedures

In the study, the primary data collection tool consisted of the written interaction records generated by students during
their engagement with ChatGPT. These records included the questions (prompts) that students directed to ChatGPT
regarding the topic of functions and the responses produced by the system. All interactions were digitally recorded
throughout the implementation process and transcribed for analysis. These prompt—response records constituted the
main dataset of the study.

The interactions were conducted using ChatGPT (GPT-4) and were carried out in Turkish, which was the participants’
native language and the language of instruction in their mathematics classes. Students were encouraged to interact with
ChatGPT naturally and to formulate questions according to their individual learning needs while working on tasks related
to the concept of functions. In addition to the interaction records, a worksheet related to the topic of functions was used
during the implementation process. The worksheet was not considered a data collection instrument and was not included
in the data analysis. Rather, it served as a contextual support tool designed to structure the learning environment, provide
a common mathematical context for all participants, and guide students’ interactions with ChatGPT. The worksheet
included activities and questions related to the concept of functions and was used solely to facilitate the interaction
process. Accordingly, the analyses reported in this study were based exclusively on the written prompt—response records
obtained from student—ChatGPT interactions.
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Procedure

In the study, a two-stage pilot implementation was conducted prior to the main application in order to test the
functionality of the data collection process, evaluate the alignment of the data to be obtained from student—ChatGPT
interactions with the research objectives, and clarify the implementation procedures. In qualitative research, preliminary
studies conducted before the main implementation constitute an important phase in terms of testing the feasibility of
the data collection process, becoming familiar with the research setting, and identifying potential methodological issues
(Creswell, 2013; Merriam & Tisdell, 2016). In this context, the pilot implementation was carried out with two students
who were not included in the main study group, and the records obtained during the pilot process were not included in
the analysis. The screenshots and ChatGPT outputs collected during the pilot were documented to justify methodological
decisions for the main implementation and to support the traceability of the process.

In the first stage of the pilot, in order to observe how students used ChatGPT in a natural manner, no guidance,
constraints, or initial prompts were provided; instead, students were given access to the worksheet and ChatGPT, and
the process was left open-ended. At this stage, although students were expected to attempt to solve the problem
situations in the worksheet through interaction with ChatGPT, it was observed that in some interactions students directly
copied the question and entered it into ChatGPT, and ChatGPT generated a ready-made solution by solving the problem
on behalf of the student. This situation was evaluated as a methodological risk, as it tended to reduce the student’s active
cognitive engagement in the solution process and had the potential to weaken the data related to “student-generated
questioning” and the “interaction-based thinking process,” which constituted the focus of the study.

Figure 1.
Pilot Implementation Stage 1: Student-ChatGPT Interaction(Original and English Transcription)

Student Prompt
Bir okulda her bir sinif 6gretmenine 20 6grenci diismektedir.Okuldaki

Bgrenci sayisi (s) ve 6gretmen saysi (M) arasindaki iliskiyi gsteren “In a school, there are 20 students per teacher. What is the function that represents the relationship between

fonksiyon nedir the number of students (S) and the number of teachers (M)?"

Her bir 6gretmene 20 dgrenci dstigine gore:
ChatGPT Response
§=20-M
Since there are 20 students per teacher:
ya da 6gretmen sayisini bagimhi degisken yaparsak:
S =20M
M=—

20

If the number of teachers is written as the dependent variable:

S

M=_—
20

Fonksiyon olarak yazimi

Ogrenci sayisiyla 6gretmen sayisini iliskilendiren fonksiyon: Thus, written as a function:

s(M) = 20M S(M) = 20M

The example presented in Figure 1 makes visible a usage pattern in which the student transferred the question as it
was and ChatGPT generated a direct solution; therefore, it reveals the necessity of establishing certain frameworks in the
main implementation to preserve the quality of the data.

In the second stage of the pilot implementation, an initial prompt assigning a role to ChatGPT and aiming to prevent
the system from providing direct answers was tested in order to reduce the tendency observed in the first stage of having
the problem solved directly. At this stage, before the student initiated the interaction, the following instruction was added
to the system: “In this application, consider me as a 10th-grade student; do not provide the direct answer to my questions,
but try to guide me toward the solution.” However, this implementation demonstrated that such a prompt could
excessively constrain ChatGPT’s response-generation behavior and disrupt the flow of interaction. Therefore, the role-
assigned initial prompt was evaluated as interfering with the student’s natural interaction process and restricting the
flow of data.

Figure 2.
Pilot Implementation Stage 2: Example of a Constrained Response Following a Role-Assigned Prompt (Original and English
Transcription)
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Student Prompt

Fonksiyon nedie

What is 3 funciion?
Tamam, cevabx direkt sdylemiyorum, sadece seni dlsindirterek ileriyorum

ChatGPT Response
Once sana bir soru soruyorum Oflay, | will not tell you the answer directly; | will guide you by making you think
Q 1. Adim First, let me ask you a question
. . . sk n tep 1
Bir fonksiyonda hangi kiimeden baslayp hangr kiimeye gudiyoruz e
Yare... brr forksivonun Qlfdlltﬂ ve ¢iktilan ok In a function, from which set do we start and to which set do we go?
Sence bunlara ne ad veriiyor olabilir? Ino

er words, a function has inputs and outputs

What do you think these are called?

*  Input set

o Output set
Bunu gusUnerex Cevapia, Sonra oir sonraki acma gegenm

Think about this and answer, then we will move on 10 the next step

The example presented in Figure 2 demonstrates that the role-assigned initial prompt could, in certain cases,
significantly restrict ChatGPT’s ability to generate responses to the student. Based on this finding, it was decided that
such artificial directives would not be used in the main implementation; instead, clear limitations aimed at preserving
data quality without disrupting the flow of interaction were adopted.

As a result of the pilot findings, an explicit limitation was introduced in the main implementation, instructing students
not to copy and paste the questions from the worksheet directly into ChatGPT and not to upload images of the questions.
Instead, students were expected to reconstruct the problem situation in their own words when presenting it to ChatGPT
and to request conceptual explanations, hints, and guidance rather than directly demanding the final answer during the
solution process. This framework was evaluated as supporting students’ active engagement in the solution process and
strengthening the quality of interaction-based qualitative data targeted by the study.

In line with this methodological framework, the main implementation was conducted in the school’s computer
laboratory, with each student assigned to an individual computer, and care was taken to ensure that students’
interactions with ChatGPT were carried out in the same physical environment and under similar conditions. The
established limitations were explained to students in a clear and comprehensible manner; in particular, it was emphasized
that questions from the worksheet should not be copied, images should not be uploaded, and the problem situation
should be reconstructed in the student’s own words before being presented to ChatGPT. This orientation was structured
to encourage students to benefit from artificial intelligence through conceptual explanations, hints, and guidance rather
than direct answer generation.

Students were provided with a worksheet on the topic of functions that included open-ended problems (Appendix 1);
while working on these questions, they were expected to engage in written interaction with ChatGPT to advance their
solution processes. The worksheet was used as a contextual tool to structure the learning environment in which students
interacted with ChatGPT and to initiate the interaction process. Within this framework, students articulated each problem
situation in their own words when presenting it to ChatGPT; during the solution process, they requested conceptual
explanations when needed, asked for hints, sought guidance regarding possible next steps, or sustained the interaction
by questioning the accuracy of the generated responses.

During the implementation process, the researcher personally conducted the procedure. The researcher circulated in
the classroom during the activity and observed students’ screens at regular intervals to ensure that interaction patterns
aligned with the study instructions. When instances of direct copying or non-engaged input were observed, students
were reminded of the study requirement in a neutral and non-directive manner, without providing any mathematical or
content-related assistance. These observations indicated that students generally complied with the instruction to
reformulate their questions, and no systematic deviation from this expectation was identified during the session. The
researcher’s role throughout the implementation was limited to technical facilitation and procedural monitoring. This
included ensuring access to ChatGPT, resolving minor technical issues (e.g., login or connectivity problems), and
maintaining the overall flow of the session. No guidance was provided regarding mathematical reasoning, problem-
solving strategies, or the formulation of prompts, in order to preserve the authenticity of the interaction data. The
implementation was completed in a two-hour session. The decision to conduct the study within a single two-hour session
was based on the exploratory nature of the research design and the aim of capturing naturalistic interaction patterns
between students and ChatGPT within a focused learning episode. Given that the study did not aim to examine long-term
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learning outcomes but rather the immediate nature of questioning behaviors and Al-generated responses, a single-
session design was considered sufficient to generate rich interaction data within a controlled instructional context.

The research was conducted in accordance with the ethics approval dated 03.11.2025 and numbered 230, granted by
the Mersin University Faculty of Education Ethics Committee. Prior to the implementation phase, participants were
informed about the purpose and scope of the study, the data collection procedures, the principle of voluntary
participation, and the confidentiality of the research process. In this context, student voluntary participation forms as
well as parental informed consent forms were obtained. Furthermore, the necessary permissions to conduct the
implementation at the institution where the research took place were secured from the relevant Directorate of National
Education. All procedures throughout the research process were carried out in accordance with established research and
publication ethics principles. The collected data were stored in compliance with confidentiality principles, and
participants were represented using coded identifiers during the reporting process, ensuring that no personally
identifiable information was disclosed. The raw interaction transcripts obtained through this process were subsequently
organized and prepared for the analysis stage in alignment with the objectives of the study.

Data Analysis

In the study, the written interaction records generated by students during their learning process of functions with
ChatGPT were analyzed using a content analysis approach (Creswell, 2013). The primary unit of analysis consisted of
prompt-response pairs formed by the questions (prompts) directed by students to ChatGPT and the responses provided
by ChatGPT to these questions. The analysis process included the holistic reading of the data, the identification of
meaningful units of expression, the generation of codes through open coding, and the formation of inductive categories
by grouping similar codes together (Punch, 2013; Bas & Akturan, 2008).

Student prompts and ChatGPT responses were coded independently by two experts in mathematics education in
order to strengthen the conceptualization of the data. In cases of disagreement between coders, discussions were
conducted until consensus was reached, and the final code—category structure was established. To ensure the reliability
of the coding process, the inter-coder agreement rate was calculated. Using the formula proposed by Miles and
Huberman (2014) ([Agreement / (Agreement + Disagreement) x 100]), the inter-coder agreement was determined to be
90%. Based on the finalized coding scheme, the resulting categories were presented in tables, accompanied by their
corresponding frequency and percentage values.

In line with the objectives of the study, the analysis was conducted along two focal points. In the first focus, the
prompts directed by students to ChatGPT were classified according to their cognitive orientations; in the second focus,
ChatGPT’s responses were categorized according to types of explanation.

In the classification of student prompts, five cognitive categories were identified: definition-oriented, representation-
oriented, context extension, self-regulation, and verification. The categories, their definitions, and representative
example statements are presented in Table 1.

Table 1.
Classification of Student Questions According to Cognitive Categories in ChatGPT-Student Interactions
Category Definition Example
“ . . w_ . .
Definition-Oriented It describes instances in which the student What is a function?” ~This is the

most frequently asked question
when students experience
difficulty defining the concept of
function.

recalls, identifies, or reformulates a concept,
term, or fundamental rule. This level corresponds
to the foundational stage of knowledge access.

It describes instances in which the student
translates or coordinates a mathematical
concept across graphical, tabular, verbal, and
algebraic representations. The coordination of
multiple representations enhances conceptual
understanding in mathematics.

“How can | express this
relationship as a formula?” — An
actual statement used by students
during a graph-to-equation
transformation.

Representation-Oriented

It refers to instances where students deviate
Context Extension from the intended conceptual focus of the task
either by shifting to an unrelated topic (topic
drift) or by extending prior knowledge

“A negative number always means
going downward.” — An authentic
example of a student
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inappropriately, resulting in misconceptions or
overgeneralizations.

misconception related to incorrect

contextual transfer.

It describes the student’s regulation of their own
learning process, including error recognition,
requests for clarification or correction, and the
reconstruction of their solution. This reflects
metacognitive monitoring.

Self-Regulation

“l think | made a mistake; let me

check it again.” — An example of

metacognitive monitoring during
problem solving.

It describes instances in which the student
evaluates the validity of their solution, critically
examines its justification, or confirms it through
an alternative strategy. This process is central to

mathematical reasoning.

Verification

“Does this answer really make
sense?” — An expression used by
students during verification and

justification processes.

In the classification of ChatGPT’s responses, three categories were identified: exemplifying, visualizing, and
preventive/corrective. The responses were categorized based on patterns reflecting the nature of mathematical
explanation. The definitions of the categories and representative examples are presented in Table 2.

Table 2.
Classification of ChatGPT Responses According to Types of Explanation in ChatGPT-Student Interactions
Category Definition Example
ChatGPT’s explanation of a “Example:
mathematical concept by 154
Exemplifving Responses concretizing it through
plTying Resp examples. Example-based 24
explanations support the 355

student’s conceptual meaning-

making process by making the

fundamental properties of the
concept visible.

(Here, 1 and 2 map to the same value = not

one-to-one)”

It describes ChatGPT’s
presentation of a mathematical
concept through graphical,
tabular, verbal, and algebraic
representations, as well as its
coordination across these forms.
The use of multiple
representations facilitates the

Visualizing Responses

recognition of conceptual
connections and enhances
mathematical understanding.

It describes ChatGPT’s
capacity to anticipate possible
misconceptions or to address

existing errors, thereby
facilitating the accurate
conceptual construction.
Corrective feedback mitigates
misconceptions and strengthens
both the validity and retention
of learning.

Preventive/Corrective
Responses

X In the diagram:

If two different elements of A map to the
same element of B — it is not one-to-one.
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Finally, in the reporting process, the excerpts selected for each category were presented verbatim without altering
the meaning of the data; thus, it was aimed to ground the findings in the data and to support the transparency and
traceability of the analysis process (Miles & Huberman, 2014).

Results

The findings derived from the prompt—response pairs based on the ChatGPT interaction records, which constitute the
primary data of the study, are presented. Frequency and percentage values for each category are provided, and are
supported by direct example screenshots.

The frequency and percentage distributions of the prompts generated by students during their interactions with
ChatGPT regarding the topic of functions are presented in Table 3.

Table 3.
Distribution of ChatGPT-Student Prompts According to Cognitive Categories

Category f %
Definition-Oriented 21 41,2
Representation-Oriented 14 27,5
Context Extension 7 13,7
Verification 6 11,8
Self-Regulation 3 59
Total 51 100

When Table 3 is examined, it is observed that definition-oriented prompts constitute the highest proportion (f = 21;
41.2%). This is followed by representation-oriented prompts (f = 14; 27.5%). While the categories of context extension (f
=7, 13.7%) and verification (f = 6; 11.8%) are represented at a moderate level, the lowest proportion is found in the self-
regulation category (f = 3; 5.9%).

Definition-oriented prompts encompass students’ questions aimed at requesting basic definitions or properties
related to the concept of function and types of functions. In this category, students sought explanations in the form of
“what is...?” by using brief and direct expressions indicative of introductory-level conceptual inquiry. Examples of this
pattern can be observed in prompts such as “What is a function?”, “Definition of function,” and “What is a one-to-one
function?” (Figure 3a—c).

Figure 3.
Examples of Student Prompts in the Definition-Oriented Category:Original Turkish and English Transcription (a) S5, (b) $4,
(c) S3.
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icine fonksiyon nedir fonksiyonun tanimi bire bir fonksiyon nedir
05 04 03
(a) (b) (c)
What is an into function? Definition of a function What is a one-to-one function?
(S5) (S4) ($3)

Representation-oriented prompts include students’ requests related to the production or presentation of
graph/drawing-based representations of functions. In this category, students not only requested explanations regarding
what a graph is, but also used representation-focused directives such as asking for drawing examples and requesting that
graphs be drawn step by step or individually. Prompts such as “What is the graph of a linear function?”, “Can you provide
drawing examples?”, and “Draw and show the graphs one by one” exemplify this category (Figure 4d—f).

Figure 4.
Examples of Student Prompts in the Representation-Oriented Category: Original Turkish and English Transcription (d) S2,
(e) $1, (f) S7.

Dogrusal fonksiyon grafigi nedir Cizim drnekleri verir misin Grafikleri tek tek cizip goster
02 01 07
(d) (e) (f)

What is the graph of a linear function?
(S2)

Draw the graphs one by one and show them.
(S7)

Can you give drawing examples?
(81)

Verification prompts encompass the expressions directed by students to check their own reasoning or understanding
developed during the interaction, to seek confirmation, and to eliminate uncertainty. In such prompts, students
frequently used confirmation patterns such as “...right?” and reformulated their understanding based on previous
explanations using statements beginning with “so...”. Additionally, instances in which students directly requested
clarification of a symbol or concept in ChatGPT’s response, such as “What do you mean by ... here?”, were also evaluated
within this category. Examples of this pattern are presented in Figure 5 (Figure 5h, 3i).

Figure 5.
Examples of Verification-Oriented Student Prompts: Original Turkish and English Transcription (h) S7, (1) S3.

Fonksiyon grafiden x ve  ciagien (iaerinde gengeklesr dedil m 07 ‘ ‘ 03
7 ! e &9 yani x e dikey paralel derken y ekseninin yaninda bir yere diey cizgm 03

() qekeced U]

Function graphs occur on the x and y axes, don't they? So, when we say paralled to x vertically, are we going to draw a vertical line somewhere

next to the y-axs?

(S7) 53)

Context extension prompts encompass instances in which students posed questions that were not directly related to
the topic or context of functions during the interaction. In this category, students shifted from the targeted subject area
to a different mathematical content area by asking a new question. For example, prompts such as “How is the area of a

396



Gilburnu & Oguz — Mersin Universitesi Egitim Fakiiltesi Dergisi, 22 (2), 2026, 387-410

square calculated?” and “How are fractional equations formed?” indicate requests that diverge from the context of
functions (Figure 6k—m).

Figure 6.
Examples of Context Extension Prompts: Original Turkish and English Transcription (k) S6, (I) S4, (m) S8.

06 How is the area of a square calculated?

(k) (S6)

Karenin alne nasil bulunur

Igine fonksiyon = B kimesindeki ban dederieri almayan fonksiyon ChatGPT Response

An 0 furction = 3 function that does not take some values in set 8

farkdan tabloyla® gosterebilinm O4

(1)

ersen “Ortenden farki nedir? veya “into ve onto araundaki

burda bahsettiyin b ne

08 What are fractional equations like?
(m)
(S8)

Kesirh deniklemier nasil olur

Self-regulation prompts include questions generated by students with the aim of monitoring and regulating their own
learning processes, testing prior knowledge, ensuring conceptual coherence, and examining boundary conditions related
to the topic. In such prompts, the student not only seeks to define the concept but also attempts to structure their
understanding by posing control questions such as “What happens under which condition?” The prompt “In an injective
function, can the graph increase upward indefinitely?” exemplifies this pattern (Figure 7).

Figure 7.
Example of a Self-Regulation Prompt: Original Turkish and English Transcription

. . < J ' e ~ 4 NG ' ‘ 7
icine fonksiyonda grafik yukan dogru sonsuza gidebilir mi Can the graph in an into function extend upward to infinity

When the overall distribution is examined, it is observed that student prompts predominantly focused on requesting
definitions and explanations of fundamental concepts, while requests related to representation production and graphical
presentation also held a notable place. Prompts characterized by verification and context extension were observed in
more limited numbers, and self-regulation-oriented prompts were identified as having the lowest frequency. The findings
indicate that student interactions diversified across different cognitive orientations.

The frequency and percentage distributions of ChatGPT’s responses to student prompts according to explanatory
categories are presented in Table 4.

.L;?sbtlr?b‘:/.tion of ChatGPT Responses According to Types of Explanation
Category f %
Exemplifying Responses 78 35,3
Visualizing Responses 73 33,1
Preventive Responses 70 31,6
Total 221 100
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Exemplifying explanations encompass responses in which ChatGPT explains a concept or rule through concrete
examples, value sets, mapping lists, and numerical representations. In such responses, the explanation is supported by
direct example functions, example mappings, and list-format representations.

The exemplification of types of graphs that represent functions, the demonstration of one-to-one functions through
element-image mappings, and the definition of a function in the form of ordered pair lists constitute examples of this
category (Figure 8a—c).

Figure 8.
Examples of ChatGPT Responses in the Exemplifying Explanation Category: Original Turkish and English Transcription (a),
(b), (c).

+/ Fonksiyon olan grafik 6rnekleri

Examples of graphs that are functions

® Dogru(y=2x+1) sLline(y=2x+1)
* Parabol (y = x°) « Parabola (y = x%)
(a)
o  Mutlak deger (y = |x|) » Absolute value (y = |x|)
o Ustel fonksiyon (y = 2% « Exponential function (y = 2%)
Hepsi dik cizgiyle yainazca 1 kez kesli. All of them are intersected only once by a vertical line

(a)

The simplest example

@ En basit 6rnek

A= {12, 3}

A=(123)
B = {4, 5, 6}
B = {4,5,6)
f(1) =4
f(1)=4 (b) f(2) =5
f(2)=5 £(3) = 6
f3)=6
No y-value is repeated
©r Hicbir y tekrar edilmeds Each x goes to a different value in B
@ Her x, B'de farkl yere gitt One-to-one function.
+ Birebir fonksiyon )
# ORNEK 1 — Liste biciminde fonksiyon EXAMPLE 1 — Function in list form
3),(2,5),(4,7 (c)
f=1{(1,3),(2,5),(4,7)} ¢ f={(13),(25), @47)

Bu fonksiyon gegerli bir fonksiyondur ¢ink( her x — tek y This funct lid funct
is function is a valid function

because each x corresponds to exactly one y.
(€

Visualizing explanations include responses in which ChatGPT employs visual representations such as graphs, analytic
plane drawings, function graph generation, and mapping diagrams. In these responses, conceptual explanations are
presented through direct graphical representations or visual schematic formats.

The drawing of a parabola graph, the representation of functions on the analytic plane, and the demonstration of a
function through input—output mapping diagrams were evaluated within this category (Figure 9d—f).

Figure 9.
Examples of ChatGPT Responses in the Visualizing Explanation Category: Original Turkish and English Transcription.
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Kkine Fonkiyon: F00 « X*2 Aralith Oéden .]. Fonksi)on (Adan her elemana tek ok)
— AN o
_ 1 A

/

/
/

/

s 1
~
o™

Aidarra
A imesndeo her dleman tek bir ok planyor ~ by br fonksiyondur

(d) (e) ()

. . 1. Function (Each dlement n A maps 1o exactly one element
Into Function: f(x) = x Analytical Plane . '
Explanation
(d) (e) Each element in set A maps to exactly one element — this & a function
(f)

Preventive explanations encompass responses in which ChatGPT explicitly distinguishes situations that may lead to
conceptual misconceptions, presents function and non-function cases in a comparative manner, and includes warnings
against potential errors. In such responses, alongside correct examples, non-function graph examples and non—one-to-
one function cases are particularly emphasized.

The listing of graph types that do not represent functions, the demonstration of non-function cases through the
vertical line test, and the explanation of a non—one-to-one function example constitute illustrations of this category
(Figure 10g—).

Figure 10.
Examples of ChatGPT Responses in the Preventive Explanation Category: Original Turkish and English Transcription.

X Fonksiyon OLMAYAN grafik ormekleri 96 POMRSSYON OLAMMIN GhATRLIR X 2) 1-1 OLMAYAN FONKSIYON ORNEGI
1) Cember

o (Cember f

v e
Neden 1-1 degil?

o (" ekdindek o . Ded

o Dnen ednier . d 4

o Ayni x (Rennde do tepe/cukur yapan kapah seliller Farkh 3 Begeriers oy y Begenne geleyor

By yurden -1 dedide.
Bunkarda dik cgr 2 veya daha cok nokta keser D Gl Gembent i moktada keser — Fonkuyon degd X
(8) (h) (1)

Examples of graphs that are NOT functions NOT FUNCTION GRAPHS 2. Example of a function that is NOT one-to-one

- ) =
« Circle

_ 1. Circle

+ Elipse Why &5 it not 1-17
« "C-shaped curve A vertical line intersects the circle at two points — not 3 function
+ Rotating curves fi2)m &
« Closed shapes that create peaks or valleys at the same x-value (h) *fi-2) -4
n these cases, a vertical line intersects the graph Different x-values map to the same y-value
. X Therefore, it is nOt one-to-one
3L TWO Or more points.

n
()] )

When the overall distribution is examined, it is observed that ChatGPT’s responses diversified through the use of
different types of explanations. The responses were found to be concretized through examples, supported by graph- and

diagram-based visual representations, and presented in a balanced manner by distinguishing contrasting or inverse
properties.
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Discussion, Conclusion and Recommendations

In this study, the prompt-response pairs derived from students’ interactions with ChatGPT regarding the topic of
functions were discussed along two primary dimensions: the cognitive orientations of the prompts produced by students
and the types of explanations provided in ChatGPT’s responses. The initial findings indicate that students most frequently
generated definition-oriented prompts. This suggests that, when dealing with an abstract and multi-representational
mathematical concept such as function, students tend to prioritize clarifying definitions and fundamental properties.
Within the framework of the revised Bloom’s taxonomy, such requests may be associated with cognitive processes
primarily related to the levels of remembering and understanding (Dao & Le, 2023; Anderson & Krathwohl, 2001).
Therefore, it can be argued that students often seek alignment between the formal definition and their mental concept
image of the function concept, and that definition-based questions reflect this tension (Tall & Vinner,1981; Vinner &
Dreyfus, 1989). In this respect, the predominance of definition-oriented prompts suggests that students position ChatGPT
as a tool for conceptual clarification in the initial stage of interaction.

The fact that representation-oriented prompts ranked second is consistent with the nature of learning functions.
Understanding the concept of function requires the ability to transition among verbal, algebraic, and graphical
representations (Mirin, 2024). Students’ requests for graphs and drawings may be interpreted as efforts to construct the
concept across different representational systems. The complementary and constructive roles of multiple
representations in learning (Ainsworth, 2006) indicate that coordination among representations strengthens conceptual
understanding. Studies on functions also emphasize that graphical interpretation and representational transformations
lie at the core of functional understanding (Carlson et al., 2002). In this context, students’ requests for representational
production from ChatGPT demonstrate that artificial intelligence is being used as a representational support tool.

Prompts in the verification category indicate that students did not unconditionally accept ChatGPT’s responses;
rather, they sought confirmation in specific instances. Questioning and confirmation-seeking behaviors in the learning
process are associated with cognitive monitoring and comprehension control (Van Loon & Roebers, 2024). Considering
the importance of justification and verification practices in mathematics education (Stylianides, 2007), such prompts
suggest an orientation toward regulating one’s own thinking. Although they appear less frequent, verification prompts
indicate that the interaction was capable of acquiring a critical dimension.

The limited representation of self-regulation prompts suggests that students employed metacognitive regulation
strategies to a restricted extent during their interaction with ChatGPT. Self-regulation refers to the set of processes
through which individuals set goals, monitor their progress, and adjust their strategies accordingly (Zimmerman, 2000).
The decisive role of metacognitive control in mathematical problem solving has been particularly emphasized (Zepeda &
Nokes-Malach, 2023). Therefore, even though self-regulation prompts were few in number, their presence is
pedagogically meaningful; however, the broader emergence of such prompts may be considered unlikely to occur
spontaneously and should be supported through instructional guidance and task design.

Prompts categorized as context extension may be associated with the phenomenon of topic drift observed in chat-
based digital environments. In interaction-based environments, shifts in focus and topic branching are identified as
natural risks (Herring, 2010). The broad response-generation capacity of artificial intelligence systems may make it
difficult for students to maintain the existing conceptual frame. This finding indicates the importance of explicitly
structuring task boundaries and problem contexts in Al-supported learning processes (UNESCO, 2023). In additon, the
presence of contextual expansion indicates two distinct patterns: (i) conceptual misinterpretations arising from
inappropriate transfer of prior knowledge and (ii) partial or complete shifts away from the intended mathematical focus.
While some instances reflect misconceptions within the domain of functions, others represent topic drift, where the
interaction diverges into unrelated conversational directions. This dual nature suggests that deviations are not solely
conceptual errors but may also be influenced by the open-ended structure of ChatGPT-based interaction environments.

In conclusion, within the scope of this study, since a substantial portion of the prompts clustered around requests for
definitions/properties and representations/graphs, brief instructional templates that enable students to produce these
two types of prompts more systematically may be employed in classroom ChatGPT use (e.g., “write the definition + ask
for an example + request a non-function counterexample”). Given that verification and self-regulation prompts were
observed at low frequencies, mandatory control steps that direct students toward “control/confirmation” types of
prompts may be incorporated into the interaction process (e.g., “How would you verify the correctness of the response?”
“Generate a non-function example”). As instances of context extension were identified, explicit boundaries aimed at
preserving the task context may be established in classroom activities conducted with ChatGPT (e.g., clear directives such
as “produce responses only within the context of functions”; brief refocusing prompts when the topic deviates). An
important methodological consideration in this regard is the potential influence of the worksheet structure on students’
guestion-generation patterns. Since the worksheet included tasks aligned with an instructional approach focusing on
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functions, it may have indirectly shaped the distribution of question types, particularly by encouraging the prominence
of recognition- and representation-oriented questions. Accordingly, the findings should be interpreted not solely as
reflections of students’ spontaneous cognitive orientations, but rather as interaction patterns emerging within a
structured task environment. This limitation should be taken into account when considering the generalizability of the
results.

Another finding obtained indicates that ChatGPT responses were clustered under example-based, visualizing, and
preventive explanation types, demonstrating that the model was capable of generating explanation types analogous to
different instructional strategies. The predominance of example-based explanations aligns with previous findings
suggesting that worked examples help reduce cognitive load and facilitate the construction of mental schemas (Ngu,
2025). The concretization of abstract mathematical concepts through examples may contribute to a clearer delineation
of conceptual boundaries.

Visualizing explanations may be associated with the dual coding approach, which posits that presenting textual
information together with visual representations can support learning (Clark & Paivio, 1991). However, the contribution
of multiple representations to learning depends on their functional use. Given the central role of graphical
representations in the teaching of functions (Ainsworth, 2006), visualizing responses can be considered an explanatory
strategy that facilitates conceptual understanding and meaning-making.

Preventive explanations indicate that the model was able to signal potential misconceptions in advance. This situation
may be associated with the scaffolding approach, which refers to supporting the learner at critical thresholds (Van de Pol
et al., 2015). It is well established that addressing misconceptions at an early stage strengthens learning (Butterfuss&
Kendeou, 2020). The presence of preventive explanations suggests that generative artificial intelligence carries not only
an explanatory but also a guiding potential.

In conclusion, it is demonstrated that ChatGPT has the potential to generate explanations aimed at conceptual
clarification, representational enrichment, and the prevention of misconceptions in the teaching of functions. Moreover,
since these response types were distributed at comparable rates, teachers may standardize students’ “ways of reading
responses” by explicitly identifying and labeling example-based/visualizing/preventive explanations separately in the
classroom (e.g., “Does this response provide an example, visualize, or warn?”). Although ChatGPT demonstrated multiple
pedagogically relevant response types, it should also be acknowledged that large language models may occasionally
produce incorrect or misleading mathematical explanations. This limitation is particularly important in mathematical
domains requiring formal accuracy and conceptual rigor. Therefore, the educational value of ChatGPT should be
interpreted as conditional upon user verification and instructional scaffolding rather than as inherently reliable.

Within the scope of this study, the findings based on interaction records are limited to the description of prompt and
response contents; no inferences were made regarding students’ learning levels, achievement, or other data sources. In
future studies, the relationship between prompt categories and response types (e.g., which type of prompt more
frequently triggered which type of response) may be systematically examined. The distribution of categories may be
comparatively investigated by replicating the study across different school types, grade levels, and mathematical topics.
By preserving the same coding scheme, studies may be conducted with larger samples, and the stability of coding
categories as well as inter-rater agreement may be retested across different contexts.
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Genisletilmis Ozet

Giris

Yapay zeka (YZ), insanin diisiinme, 6grenme ve problem ¢dzme gibi bilissel siireglerini taklit edebilen sistemlerin
gelistirilmesini hedefleyen g¢ok disiplinli bir alandir. Son yillarda makine 6grenmesi ve dogal dil isleme alanlarindaki
ilerlemeler, YZ'nin egitim ortamlarinda daha etkilesimli ve kisisellestirilebilir bigimlerde kullaniimasini mimkiin kilmistir.
Bu donilisiim, 6zellikle biyik dil modellerine (BDM) dayal sohbet tabanl sistemlerin, 6grenenlerin anlk geri bildirim
almasi, farkli agiklama bigimlerine erismesi ve 6grenme sirecini kendi hizinda siirdiirmesi agisindan yeni olanaklar
sundugunu géstermektedir. Bu sistemler arasinda yer alan ChatGPT, dogal dil Gzerinden iletisim kurabilmesi ve baglama
duyarli yanitlar Giretebilmesi nedeniyle 6grencilerin kavramlara iliskin soru sorma, agiklama isteme ve 6grenme siirecini
etkilesim yoluyla yonlendirme pratiklerini gorinir kilan bir 6grenme ortami olusturmustur.

Matematik egitimi baglaminda ChatGPT gibi Uretken YZ araglarinin énemi, yalnizca “dogru cevabi verme”
kapasitesinden degil; 6grencinin kavramsal anlamayi yapilandirmasina yardimci olabilecek agiklama, érnekleme, temsil
sunma ve hata risklerine karsi uyarida bulunma gibi 6gretimsel islevler Gretebilmesinden kaynaklanmaktadir. Bununla
birlikte matematik 6grenme gligliikleri cogu zaman soyut kavramlarin yogunlugu, temsiller arasi gegis gereksinimi ve
kavramsal anlamanin islem temelli yaklasimlarla sinirli kalmasi gibi nedenlerle ortaya ¢ikmaktadir. Lise matematik
programinin merkezi kavramlarindan biri olan fonksiyon, degiskenler arasindaki iliskiyi yorumlama, grafiksel—-cebirsel—
sozel temsilleri koordine edebilme ve soyut diisinme becerilerini gerektirmesi bakimindan 6grencilerin siklikla zorlandig
bir konu alanidir. Ogrenciler fonksiyon kavramini kimi zaman yalnizca “formiil” ya da “grafik” ile 6zdeslestirebilmekte;
tanim kiimesi—deger kiimesi iliskisi, birebirlik ve fonksiyon olma kosullari gibi kavramsal sinirlari anlamlandirmada giigliik
yasayabilmektedir. Bu nedenle fonksiyon 6gretiminde, 6grencinin disinmesini gorinir kilan ve temsiller arasi
koordinasyonu destekleyen siire¢ odakli yaklagsimlara ihtiya¢ duyulmaktadir.

Alanyazinda ChatGPT’nin matematik 6gretimindeki roliine iliskin ¢alismalar artmakla birlikte, arastirmalarin 6nemli
bir bolimunin sonug/basari odakli ilerledigi; 6grencilerin YZ ile etkilesim sirasinda sergiledikleri bilissel yénelimleri, soru
sorma egilimlerini ve etkilesim orlintlerini siire¢ temelli olarak inceleyen nitel galismalarin gérece sinirlh kaldigi
gorilmektedir. Ozellikle Tirkiye baglaminda, ChatGPT'nin fonksiyon 6grenme siirecinde 6grenciyle nasil bir etkilesim
yapisi kurduguna iliskin ayrintili betimlemeler ve bu etkilesimi anlamlandirmaya donik kategorik cergeveler yeterince
aciklanmamistir. Bu galismanin amaci, 10. sinif 6grencilerinin fonksiyonlar konusunu 6grenirken ChatGPT ile kurdugu
yazil etkilesimlerde Uretilen promptlarin bilissel yonelimini ve ChatGPT’nin bu promptlara verdigi yanitlarin agiklama
stratejilerini inceleyerek etkilesim orlintilerini ve ortaya ¢ikan 6grenme ihtiyaglarini betimlemektir. Bu dogrultuda
arastirmada (i) 6grencilerin ChatGPT’ye bilissel agidan ne tir sorular yonelttigi ve (ii) ChatGPT'nin bu sorulara bilissel
acidan ne tir yanitlar Grettigi sorularina yanit aranmistir.

Yontem

Bu arastirma, 10. sinif 6grencilerinin fonksiyonlar konusunu 6grenme siirecinde ChatGPT ile kurduklari yazili
etkilesimin yapisini ve bu etkilesim sirasinda ortaya ¢ikan biligssel yonelimleri incelemeyi amagladigindan nitel arastirma
yaklagimiyla yirGtalmastir. Calismada, etkilesim orintilerinin dogal 6grenme baglami iginde ayrintih ve butiincdl
bicimde ortaya konulmasina olanak tanimasi nedeniyle durum c¢alismasi deseni benimsenmistir. incelenen olguya iliskin
literatlirlin sinirh olmasi ve etkilesim bigimlerinin 6nceden kestirilememesi nedeniyle arastirma, kesfedici durum galismasi
olarak desenlenmistir. Bu baglamda galisma, ChatGPT’'nin “6gretmenin yerine gegen” bir sistem olarak degil; 6grencinin
soru Uretimi yoluyla diisinme sireglerini gorinir kilan bir 6grenme ortagi olarak konumlandirildigi bir etkilesim ortamini
incelemektedir.

Arastirmanin ¢alisma grubunu, Tirkiye’nin gliney bolgesinde yer alan bir 6zel fen lisesinde 6grenim géren 10. sinif
dizeyindeki 8 6grenci (5 kiz, 3 erkek) olusturmaktadir. Katilimcilar amagh 6rnekleme yaklasimiyla belirlenmis; gonalla
katihm gostermeleri, daha 6nce ChatGPT kullanmis olmalari ve etkilesim temelli 6grenme siirecine katilim igin biligsel
hazirbulunusluklarinin yeterli olmasi temel olgiutler olarak dikkate alinmistir. Katilimci gizliligini saglamak amaciyla
ogrenciler analiz sirecinde kodlarla temsil edilmistir.

Arastirmada temel veri kaynagi, uygulama sirasinda kaydedilen 6grenci—ChatGPT prompt—yanit dokimleridir.
Etkilesim baglamini yapilandirmak amaciyla fonksiyonlar konusuna yonelik bir calisma kagidi kullaniimis; 6grencilerin bu
gorevler tizerinde galisirken ChatGPT ile yazili etkilesime girmeleri saglanmistir. Asil uygulama dncesinde iki 6grenciyle iki
asamali bir 6n uygulama gerceklestirilmistir. ilk asamada yonlendirmesiz kullanimda &grencilerin sorulari dogrudan
kopyalayip ¢ézdirme egilimi gdzlenmis; ikinci asamada denenen rol atamali baslangic promptunun ise yanit Gretimini
asirt sinirladig gériilmistir. Bu bulgular dogrultusunda asil uygulamada, 6grencilerin sorulari kopyalayip yapistirmamasi
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ve soru gorseli yiklememesi; problem durumunu kendi ifadeleriyle yeniden yapilandirarak kavramsal agiklama, ipucu ve
yonlendirme talep etmesi yoniinde acik sinirliliklar getirilmistir. Uygulama okul bilgisayar laboratuvarinda, her 6grenci bir
bilgisayarda olacak sekilde yaklasik iki saatlik oturumda yiritilmis; arastirmaci yalnizca slireg ve teknik isleyis diizeyinde
destek sunmus, icerik diizeyinde miidahalede bulunmamistir.

Veriler igerik analiziyle ¢dzimlenmistir. Prompt—yanit giftleri bitlincil olarak okunmus, agik kodlama ile anlamli
birimler etiketlenmis ve benzer kodlar birlestirilerek kategoriler olusturulmustur. Kodlama, matematik egitimi alaninda
uzman iki bagimsiz kodlayici tarafindan yiritilmis; Miles ve Huberman formiliyle hesaplanan kodlayicilar arasi uyum
%90 olarak belirlenmistir. Arastirma, Mersin Universitesi Egitim Bilimleri Etik Kurulu onayi dogrultusunda yiiriitiilmds;
ogrenci gonilli katilim ve veli onam siregleri tamamlanmistir.

Bulgular

Bu arastirmada elde edilen bulgular, fonksiyon 6grenme siirecinde 6grencilerin ChatGPT’ye yonelttikleri promptlarin
biligsel yonelimleri ile ChatGPT’nin Urettigi yanitlarin agiklama stratejileri olmak tzere iki eksende ele alinmistir. Veriler,
51 prompt ve bu promptlara karsilik Giretilen 221 yanit biriminden olusan prompt—yanit giftleri izerinden analiz edilmistir.
Bulgular, 6grencilerin ChatGPT’yi agirlikli olarak kavramsal netlestirme ve temsil destekleyici bir 6grenme kaynagi olarak
kullandigini; buna karsin dogrulama ve 6z-diizenleme temelli etkilesimlerin daha sinirl kaldigini géstermektedir.

Ogrenci promptlarinin dagilimi incelendiginde, en yiiksek orani tanima yénelik promptlarin olusturdugu gérilmistiir
(%41,2; f=21). Bu bulgu, fonksiyon gibi soyut ve ¢ok temsilli bir kavramda 6grencilerin 6ncelikle tanim, temel 6zellik ve
kavramsal sinirlari netlestirme ihtiyaci hissettiklerine isaret etmektedir. Tanima yénelimli istemler, 6grencinin “kavrama
giris” dizeyinde agiklama talep ettigini; dolayisiyla bilissel siireglerin daha ¢ok hatirlama ve anlama basamaklarinda
yogunlastigini disiindirmektedir. Bu durum, 6grencilerin fonksiyon kavraminda siklikla goriilen “resmi tanim—kavram
imgesi” gerilimini azaltmak igin ChatGPT'’yi hizl bir agiklama ve kavramsal ¢ergeve kurma araci olarak konumlandirdigini
destekler. Bu yonelim, ChatGPT kullaniminin baslangi¢ asamasinda 6grencinin bilgiye erisimini kolaylastirsa da etkilesimin
daha Ust diizey akil yiriitmeye tasinabilmesi icin 6gretimsel yapilandirmaya gereksinim oldugunu gostermektedir.

ikinci sirada yer alan temsile ydnelik promptlar (%27,5; f=14), fonksiyon égreniminde temsil déniigiimlerinin belirleyici
roliiyle tutarli bir gériinim sergilemistir. Ogrencilerin grafik cizimi istemeleri, grafigi adim adim lretmeye yonelik
yobnlendirme talep etmeleri veya farkli temsiller arasinda gegisi kolaylastiracak agiklamalar istemeleri; ChatGPT’nin
“temsil Uretici/temsil arasi kopri kurucu” bir arag olarak kullanildigini distindiirmektedir. Fonksiyon kavraminin grafiksel,
cebirsel ve sozel temsillerle birlikte anlam kazandig dikkate alindiginda, bu bulgu ChatGPT'nin temsiller arasi
koordinasyonu destekleyebilecek bir potansiyeli gorinir kilmaktadir. Bununla birlikte temsil istemlerinin niteligi,
Ogrencinin yalnizca “gizim goster” diizeyinde kalabildiginde ylzeysel bir gorsellestirme talebine donlisebilmekte; temsilin
kavramsal islevi Gzerine dislinmeyi zorunlu kilmadiginda 6grenme ¢iktisi sinirli kalabilmektedir. Bu nedenle temsil odakli
istemlerin, “neden bu grafik?”, “hangi 6zellik bu temsilde goriniir?” gibi kavramsal gerekgelendirmeyi tetikleyecek
bicimde yapilandirilmasi dnemlidir.

Baglam disina ¢ikma (%13,7; f=7) ve dogrulama (%11,8; f=6) kategorilerinin orta diizeyde temsil edilmesi, etkilesim
strecinin iki yonlG bir risk ve firsat barindirdigini géstermektedir. Baglam disina ¢ikma o&rnekleri, sohbet tabanl
ortamlarda konu sapmasinin dogal bir olgu oldugunu ve goérev sinirlarinin korunmasinin kritik oldugunu
disiindirmektedir. Bu bulgu, sinif i¢i ChatGPT kullaniminda problem baglamini siirdiirecek yonergelerin ve odaklayici
Ogretmen rehberliginin gerekliligini destekler. Dogrulama istemleri ise 6grencilerin ChatGPT yanitlarini bltlin{lyle otorite
olarak kabul etmedigini; bazi durumlarda teyit, agiklama ve yeniden ifade etme ihtiyaci duydugunu gostermektedir.
Matematiksel gerekgelendirme ve dogrulama pratikleri agisindan bu bulgu pedagojik olarak degerlidir; ancak oranlarin
dislik olmasi, dogrulamanin sistematik bir aliskanlik haline gelmedigini diisiindlirmektedir.

Oz-diizenleme promptlarinin en disiik diizeyde kalmasi (%5,9; f=3), égrencilerin ChatGPT ile etkilesimde metabilissel
izleme ve strateji diizenleme davranislarini sinirli 6lglide sergiledigine isaret etmektedir. Oysa 6z-dlizenleme, 6grencinin
O0grenme slrecini yonetmesi, hatasini fark etmesi ve ¢6ziim stratejisini yeniden yapilandirmasi bakimindan kritik bir
bilesendir. Bu bulgu, ChatGPT’'nin tek basina 6z-diizenlemeyi otomatik olarak Gretmedigini; bunun goérev tasarimiyla
desteklenmesi gerektigini gostermektedir. Ornegin 6grencilerin her etkilesim sonunda “yanitin dogrulugunu nasil kontrol
ettin?”, “hangi adimda zorlandin?” gibi zorunlu kontrol sorularina yanit vermesi, etkilesimi daha metabilissel bir diizeye
tasiyabilir.

ChatGPT vyanitlari agisindan bulgular, yanitlarin 6rnekleyici (%35,3; f=78), gorsellestirici (%33,1; f=73) ve
dnleyici/diizeltici (%31,6; f=70) bicimlerde birbirine yakin oranlarda dagildigini géstermistir. Ornekleyici yanitlarin giicli
bicimde temsil edilmesi, kavramin ornekler Gzerinden somutlastiriimasiyla bilissel yiikiin azalabilecegine ve kavramsal
sinirlarin daha goriiniir hale gelebilecegine isaret eder. Gorsellestirici yanitlar, 6zellikle fonksiyon 6gretiminde merkezi bir
rolii olan grafiksel temsillerin 6grenmeyi destekleme potansiyelini yansitmaktadir. Onleyici/diizeltici yanitlarin anlamli
dizeyde bulunmasi ise modelin olasi kavram yanilgilarini ayirt ederek uyari tretme kapasitesini ortaya koymakta; bu
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durum, pedagojik agidan “yapi iskelesi” islevine benzer bir destek sunabildigini diisindirmektedir. Ancak bu yanit
tirlerinin 6grenmeye etkisi, 6grencinin istem niteligi ve yaniti nasil isledigiyle yakindan iliskilidir.

Sonug

Sonug olarak galisma, ChatGPT'nin fonksiyon Ogretiminde kavramsal netlestirme, temsil zenginlestirme ve hata
risklerini 6nleyici agiklamalar lretme agisindan giicli bir potansiyel tasidigini géstermektedir. Bu nedenle 6gretimsel
uygulamalarda, tanima ve temsil istemlerini sistematiklestiren kisa prompt sablonlarinin kullaniimasi; dogrulama ve 6z-
dizenlemeyi zorunlu adimlar haline getiren etkinlik tasarimlarinin gelistirilmesi 6nerilebilir. Calismanin bulgulari, yalnizca
etkilesim kayitlarinin igerik analiziyle sinirli olup 6grenci basarisi ya da 6grenme diizeyine iliskin lglimler icermemektedir.
Gelecek arastirmalarda prompt tirleri ile yanit stratejileri arasindaki iliskiler (hangi promptun hangi yanit tirind
tetikledigi), farkh okul tirleri ve matematik konularinda karsilastirmali olarak incelenebilir; daha genis 6rneklemlerle kod
kategorilerinin kararlhgi ve gegerligi yeniden test edilebilir.
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APPENDIX 1

1. Asagidaki grafiklerin fonksiyon olup-olmadigini arastiriniz.

.
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1. Investigate whether the graphs below represent a function.
()Yes/()No

BECAUSE, ... et eae e

2. Asagidaki bagintilardan hangileri fonksiyondur, arastiriniz.

X+ 2

f o Z zZ f =
- (x) >

f-No>N f(xX)=x-2
f:R* >R f(x) =%

f:Z>N f(x)=x°
2. Investigate which of the following relations are functions.

a)f:Z—>Z,f(:v):$;_2

by f: N - N, f(z) =2 — 2
of :RT =R, f(z) =z
d f:Z — N, f(z) = =2
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3. Asagida verilen ifadelerin fonksiyon olarak kuralini belirleyiniz.

1. Karenin bir kenar uzunlugu (x) ve alani (A) arasindaki iligkiyi gosteren
fonksiyon.

ii. Bir okulda her bir sinif 6gretmenine 20 6grenci diismektedir. Okuldaki 6grenci
say1s1 (s) ve 0gretmen sayist (M) arasindaki iliskiyi gosteren fonksiyon.

3. Determine the rule of the function for each statement given below.

i. The function that represents the relationship between the side length of a square (x)

and its area (A).

ii. In a school, there are 20 students for each classroom teacher. The function that
represents the relationship between the number of students (s) and the number of
teachers (M).

4. Asagidakilerden hangisi tek ya da ¢ift fonksiyondur? Bulunuz.

a) f(x) = x* + x> +1

b) f(x) = x*> — 6x
4. Determine which of the following is an odd function or an even function.

a) f(z) =zt +22+1
b) f(z) = x> — 6z

5. Asagidaki fonksiyonlardan hangisi veya hangileri A’dan B’ye 1-1 fonksiyondur?

) £={(1,6),(2.6).(3.4)|
1) f={(1.1).(1.4).(2:6).(3.5)]
1 £={(1,6),(2,1),(3.4)}

5. Which of the following functions (if any) is a one-to-one function from A to B?

) f= {(1’ 6)a (2, 6)a (374)}
) f = {(1’ 1)’ (1’ 4)’ (2a 6)7 (3’ 5)}
i f={(1,6),(2,1),(3,4)}
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6. Asagida grafigi verilmis fonksiyonlarin hangilerinin 6rten hangilerinin igine
olduklarini bulunuz.

)] 1)) 1))
f:[-3,2]—[-4,1] f:[-3,0)—R f:(-4,0)— [-2,)
Ya Ya Ya
1 5
-3 3 yan .
2 X 74 X -4 "X
-4 —14

6. For the functions whose graphs are given below, determine which functions are
surjective and which are injective.

7. Asagidaki sekillerin birkagini kullanarak analitik diizlemde bir fonksiyonun grafigini
olusturunuz. Olusturdugunuz fonksiyonun grafiginin noktalarini belirleyerek,
fonksiyonun kurali, tanim ve deger kiimelerini tartiginiz.

a.) b.) c.) d.)
/ \

7. Using some of the shapes below, create the graph of a function on the coordinate
plane. Identify the points on the graph you created, and discuss the rule of the

function, its domain, and its range.

8. Asagida sema ile verilen fonksiyonlarin tiirlerini belirtiniz. Fonksiyonun neden bu tiire
ait oldugunu gerekgeleri ile agiklayiniz.

B

k
.

8. Identify the types of the functions given by the mapping diagrams below. Explain
your reasons for why each function belongs to that type.
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9. Asagidaki her bir durumda tabloda verilen degerler bir fonksiyon belirtir mi? Neden?
Belirtiyorsa fonksiyonun kuralini belirleyip, fonksiyonu liste bigiminde yaziniz.
Fonksiyonun tablo ve listesini yorumlayimiz.

(a) X 9 4 1 0 1 4 9
y -3 -2 -1 0 1 2 3

(c) X 0 1 2 3 4 5 6
y 7 7 7 7 7 7 7

9. In each case below, do the values given in the table define a function? Why? If they
do, determine the rule of the function and write the function in set (ordered-pair)

form. Interpret (comment on) the table and the set representation of the function.

10. Asagidakilerden hangisi ya da hangileri birim fonksiyon grafigidir?

1) Ya ) N
f(x) =x flx) = x
% X
m % V) e = e
2| o f(x)=2

10. Which of the following is/are the graph(s) of the identity function?
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