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ABSTRACT

This research examines ChatGPT’s content knowledge (mathematics) and pedagogical content knowledge on the concept
of rational numbers. The study was conducted using a case study model within the framework of qualitative research
methods. Data were collected by posing open-ended questions to ChatGPT-4 and ChatGPT-4.0 versions, based on the new
curriculum objectives set by the Ministry of National Education of Tiirkiye in 2024. The findings indicate that ChatGPT
may be adequate for teaching rational numbers in line with the knowledge required in middle school courses; however,
certain limitations in its pedagogical content knowledge were identified. Specifically, it was observed that ChatGPT’s peda-
gogical responses were limited in concepts such as representing rational numbers on the number line and converting them
to decimal forms. The research emphasizes that while ChatGPT may not replace teachers, it could play a supportive role in
teaching processes, and its integration into education should be carefully considered.
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INTRODUCTION

Each art has its own rules; however, not everyone who applies
these rules can be called an artist, as art emerges when those
who know the rules learn how to use them appropriately in
the situations they encounter. In this context, teaching is also
an important art; decisions about what to do, how to do it,
with whom, and at what pace constantly present themselves
to teachers throughout a school day, and this varies every day
and with each group of students (Schwab, 1983). To perform
this art, teachers need to have an in-depth knowledge of
both subject matter and its pedagogical applications. This
knowledge is defined in the literature as Pedagogical Content
Knowledge (PCK). PCK requires that teachers have both
knowledge of the subject area and pedagogical skills that
make this knowledge understandable for students, a concept
rooted in Shulman (1986, 1987). Shulman (1986) defines PCK
as the knowledge teachers possess on how to teach topics
most effectively, including making explanations in ways that
make the subject more understandable, using analogies and
examples. According to these definitions, for a mathematics
teacher to conduct effective teaching, they must not only
possess content knowledge but also know their students,
understand their prior learning, anticipate where they may
face difficulties, be aware of possible misconceptions, and
use teaching methods appropriate to developmental levels
to prevent such misconceptions (Shulman, 1986, 1987;
Grossman, 1990; Van Driel et al., 1998; Hill et al., 2004;
Ball et al., 2008). In the twenty-first century, it is essential
for teachers to keep up with technological advancements
brought by the times to conduct effective teaching. Among
these advancements, artificial intelligence technologies have

gained significant attention in recent years. As recommended
by the National Council of Teachers of Mathematics (NCTM,
2014), the adoption of new technologies in the classroom can
elevate the standard of mathematics education and promote
equity in education. The literature (Hwang & Tu, 2021; Li et
al., 2023; Pedro et al., 2023) suggests that artificial intelligence
can optimize learning processes by providing personalized
support to students, reduce the workload on teachers, assist in
the creation of instructional materials, and enrich the learning
experience by presenting problems tailored to students
interests. However, it also highlights challenges, such as the
potential for artificial intelligence to produce incorrect or
misleading responses and reflect biases present in society.
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Artificial intelligence is a technology with the potential
to impact various societal sectors, and as its use becomes
more widespread, it is anticipated that demand in certain
professions will decline (Timms, 2016). This situation has
raised concerns that artificial intelligence might replace
teachers (Dumlu et al.,, 2024). However, studies indicate
a strong belief that artificial intelligence will not replace
teachers; rather, it will play a supportive role in their work. For
instance, Chen and Lin (2023) emphasize that while artificial
intelligence can support students’ educational development,
it cannot replace teachers in providing emotional support and
social interaction.

In conclusion, it can be said that there is a consensus that
the role of artificial intelligence in education is to support and
enrich teachers’ work rather than replace them. ChatGPT,
one of the most popular Al language models, stands out in
this context. Taani and Alabidi (2024) suggest that ChatGPT
could serve as a virtual teaching assistant by providing instant
access to educational resources and materials. In this case, it is
clear that for ChatGPT to effectively assist in teaching, it must
possess both content knowledge and PCK comparable to that
of a teacher. This study focuses on this aspect of ChatGPT and
aims to determine how sufficient this technology is in terms
of content (mathematics) and PCK.

ChatGPT and Mathematics Education
ChatGPT, “Chat
Transformer;” is an artificial intelligence model developed
by OpenAl This model is a large language model with the
capacity to generate human-like text (OpenAl, 2022). Using
natural language processing and deep learning techniques,

short for Generative  Pre-Trained

ChatGPT can generate logical and contextually appropriate
responses to inputs from users (Dempere et al., 2023; Rahman
& Watanobe, 2023). Among its potential applications
in education are creating lesson plans, developing exam
questions, and providing student support services (Taani &
Alabidi, 2024). However, there are also several challenges
associated with using this tool, such as risks related to
transparency, accountability, malicious use, ethical concerns,
and plagiarism (Baidoo-Anu & Ansah, 2023; Gouia-Zarrad
and Gunn, 2024; Guo et al, 2023; Susnjak, 2022). It is
also noted that ChatGPT can produce responses known
as hallucinations, which may appear plausible but lack
contextual understanding or coherence (Bang et al., 2023).
ChatGPT has been the subject of various studies in the
field of education and has been used in different ways. For
example, a study by Cooper (2023) examined the potential
use of ChatGPT in the context of science education. The
researcher investigated how ChatGPT responded to tasks
such as preparing exam questions and developing rubrics.
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The study concluded that such materials should be carefully
evaluated by teachers and adapted to suit the teaching
environment. Ellis and Slade (2023) explored the potential
of ChatGPT as a tool in teaching data science and statistics.
They suggested that ChatGPT could assist in developing
course content and provide resources to students in statistical
programming classes. Loos etal. (2023) categorized ChatGPT’s
potential uses in education as answering questions, offering
personalized learning opportunities for students, creating
educational materials, and language learning.

Various studies on the use of ChatGPT in mathematics
education have highlighted the potential benefits and
challenges of this Al model across different areas. For example,
Frieder et al. (2023) found that ChatGPT’s mathematical
abilities fall below those of an average graduate student in
mathematics. Korkmaz Gliler et al. (2024) asked questions
from a national mathematics exam to both ChatGPT-3.5
and ChatGPT-4 versions, finding that ChatGPT-4 was more
successful in answering the questions and that both versions
made common and unique errors. The study suggests that
ChatGPT could be used for acquiring basic knowledge and
receiving supervised assistance in mathematics education.
Wardat et al. (2023) noted that the accuracy of ChatGPT’s
solutions in geometry-related complex equations may vary.
It was emphasized that misunderstandings could occur in
certain topics, necessitating oversight by human experts.
Guo et al. (2023) examined how closely ChatGPT’s responses
align with those of human experts, focusing on ChatGPT’s
distinctive features (such as its tendency to provide long and
detailed answers) and the differences between human and
ChatGPT responses (e.g., ChatGPT tends to offer objective
responses, while humans prefer subjective expressions).

Studies on the use of ChatGPT in mathematics education
have also examined how this AI model can contribute to
teachers and preservice teachers. For example, in a study by
Tapan-Broutin (2023), the initial experiences of preservice
mathematics teachers with ChatGPT were investigated. It was
observed that the preservice teachers used ChatGPT to ask
questions about scientific knowledge and teaching strategies,
perceiving the interaction with Al as a natural process. In the
study by Dumlu et al. (2024), the lesson planning processes of
ChatGPT-3.5 and ChatGPT-4 on the topic of inequalities in a
mathematics course were analyzed. The study found that both
models could assist teachers in lesson planning and easing
daily routines. However, it was noted that ChatGPT-3.5
offered more teacher-centered plans, while ChatGPT-4
created student-centered plans. In another study, Urhan et al.
(2023) examined the interaction between a university student
and ChatGPT, focusing on a discussion of the tangent concept
in a calculus course. The findings showed that ChatGPT
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provided some rational support in the context of epistemic
rationality but generally failed to meet the standards required
for communicative rationality. This led the student to find
ChatGPT’s responses somewhat inadequate or unreliable,
highlighting the limitations of ChatGPT in mathematical
reasoning tasks.

While ChatGPT can be used asa supportive tool in various
areas of mathematics education, research shows that this
technology cannot replace a mathematics teacher. ChatGPT
can assist teachers with tasks such as lesson planning, material
development, and providing student feedback; however, it is
incapable of fulfilling aspects like one-on-one interaction and
emotional intelligence. According to Baidoo-Anu and Ansah
(2023), the ability of artificial intelligence to monitor and
guide student development lacks the flexibility and intuitive
understanding possessed by a teacher and islimited in meeting
the needs of a specific student. Additionally, ChatGPT does
not have the sophisticated thinking of a teacher. Based on
machine learning algorithms and computational processes,
ChatGPT relies on statistical patterns and probabilities
derived from training data. It operates without access to real-
time information or personal experiences, which can lead it to
produce incorrect or meaningless responses, especially when
faced with ambiguous or out-of-context prompts (Gouia-
Zarrad & Gunn, 2024).

In conclusion, it appears that ChatGPT cannot replace
teachers; however, it can effectively support them. ChatGPT
can assist teachers in areas such as lesson planning, material
development, providing explanations, and student feedback
(Taani & Alabadi, 2024). To perform these tasks effectively,
however, it must possess a depth of PCK and expertise
comparable to that of teachers. PCK enables teachers to
understand student needs and select appropriate teaching
strategies, raising questions about the extent to which
ChatGPT possesses such knowledge. In this context,
examining ChatGPT’s content (mathematics) and PCK is
essential to determine its potential as a supportive tool for
teachers. Therefore, this research aims to assess ChatGPT’s
status in these areas of knowledge.

METHOD

Research Design

This study was conducted within a qualitative paradigm.
Qualitative research is a flexible and interpretative approach
in which the researcher interacts with participants and aims
to deeply understand their experiences (Creswell, 2013;
Fraenkel & Wallen, 2006). In this context, a case study model
was adopted in the study. A case study is a research method
used to examine a specific event, person, or process in depth,
with the aim of comprehensively addressing the research
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subject and revealing details unique to that context (Merriam,
2009; Yin, 2018). This method provides an appropriate basis
for examining the knowledge ChatGPT possesses within the
scope of PCK.

Data Collection Tools

In this research, ChatGPT-4 and ChatGPT-4.0 were used as
data collection tools. ChatGPT-4 is an artificial intelligence
language model developed by OpenAl, noted for its natural
language processing capabilities. Compared to previous
versions, this model has been trained on a larger dataset
and has shown significant improvements in language
comprehension, reasoning, and text generation (Brown et
al,, 2020). Additionally, the ChatGPT-4.0 version has a more
advanced and optimized algorithm, allowing it to produce
more consistent and context-sensitive responses during
user interactions (OpenAl, 2024). Rudolph et al. (2023)
stated that, unlike other generative AI models, ChatGPT
can produce impressive texts within seconds, making it the
most advanced chatbot developed to date. In our research,
these programs were chosen as data collection tools because
there are no similar alternatives with comparable features
and because OpenAl only provides access to ChatGPT-4 and
ChatGPT-4.0 versions.

A specially prepared form was used to evaluate the
PCK of ChatGPT 4 and 4.0 versions (hereafter referred to as
ChatGPT 4 versions). The concept of rational numbers, a key
idea in mathematics, was chosen for this purpose. In its 2000
report, Principles and Standards for School Mathematics,
NCTM identified the Number and Operations Standard as one
of the five fundamental content standards and a foundational
area. In this context, the importance of teaching rational
numbers, introduced in the 7th grade, becomes evident. For
students to achieve a complete and accurate learning process,
they need to have a solid understanding of the definition of
rational numbers and be able to make connections between
this concept and various contexts (Cevikbas & Argiin, 2017).
Similarly, assessing ChatGPT 4 versions’ knowledge of this
concept, including its definition and connections to different
contexts, is also crucial.

The form prepared to measure the PCK of ChatGPT 4
versions regarding rational numbers in this study includes
two learning outcomes related to rational numbers for
the 7th-grade level, published by the Ministry of National
Education (MEB) in 2024. These learning outcomes are
stated as “Being able to interpret natural numbers, integers,
and rational numbers in various situations” and “Being able
to represent the decimal forms of rational numbers in real-life
situations” (MEB, 2024). The form contains a total of 20 open-
ended questions designed to assess content and PCK related
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to these learning outcomes (see Appendix 1). In developing
the questions, relevant literature was reviewed, and the
experiences of the researchers were taken into account (1
expert in mathematics education, 2 mathematics teachers).

Data Collection

In the data collection, the questions in the form were
posed to ChatGPT to obtain the data. Both the free ChatGPT-4
version and the paid ChatGPT-4.0 version accessible through
a subscription were used in this process. Before asking the
questions, specific prompts explaining the situation were
given to the ChatGPT 4 versions. For example, instructions
such as “Now, I will ask you to act as a 7th-grade mathematics
teacher. I am interested in your mathematical content
knowledge and pedagogical content knowledge in teaching
rational numbers. Please answer my questions as if you were
a math teacher;” were provided. In this way, ChatGPT was
guided to respond from the perspective of a mathematics
teacher. All questions were repeatedly asked by three different
users at different times, and responses were obtained. After
observing a high degree of similarity in responses, analysis
was conducted on three different response forms that were
considered the most comprehensive.

Data Analysis

The data analysis was carried out using the descriptive analysis
method. Descriptive analysis is a commonly used method
in organizing and interpreting data, allowing researchers to
organize data under themes or categories (Yildirim & $imsek,
1999). In this study, three researchers independently analyzed
the responses provided by the ChatGPT 4 versions. The
responses were evaluated in terms of how sufficient they were
as if provided by a mathematics teacher and recorded in an
Excel table consisting of “appropriate,” “needs improvement,”
and “explanations” columns. These independent analyses
were then compared, and coding discrepancies were
discussed. Subsequently, the researchers reached a consensus
on the codings, and the inter-rater reliability coefficient
was calculated as 83%. This rate, being over 80%, reflects
an acceptable consistency among the researchers (Miles &
Huberman, 1994).

Validity and Reliability of the Study

In qualitative research, the concepts of validity and reliability
are critically important for the reliability of the findings and the
accuracy of the results. Lincoln and Guba (1985) proposed the
concept of “trustworthiness” instead of validity and reliability
in qualitative research and defined four main components of
this trustworthiness: credibility, transferability, dependability,
and confirmability.
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In this study, credibility was ensured through various
methods. By adopting a triangulation approach, the same
questions were repeatedly asked to both ChatGPT-4 and
ChatGPT-4.0 versions by three different users at different
times. This approach enhanced the consistency of the findings
by comparing data obtained from different sources and
reinforced the reliability of the research findings. Additionally,
responses were analyzed and compared by independent
researchers, and coding discrepancies were discussed until
consensus was reached. This process contributed to the
internal consistency of the study.

In terms of transferability, the focus was on the extent
to which the findings of this study can be applied to other
contexts and samples. The context and processes of the
research were explained in detail through comprehensive
descriptions. Detailed description provides an important
reference for other researchers who wish to determine the
degree to which the findings can be transferred to other
contexts. Confirmability pertains to how the researchers
arrived at the findings and the degree of objectivity of the
results. In this study, consensus among researchers was
achieved throughout the analysis process, and agreement was
established on the coding. The inter-rater reliability coefficient
of 83% also supports this confirmability.

FINDINGS

In this study, which aimed to determine the adequacy of
ChatGPT 4 versions in terms of content (mathematics) and
pedagogical content knowledge, two different situations
emerged. The first situation includes data indicating that
these versions have sufficient content knowledge; the second
situation includes data suggesting that their PCK is mostly
sufficient but somewhat limited. These data are presented
along with examples of the questions asked by the researchers
to ChatGPT and its responses.

Case 1: The content knowledge of
ChatGPT 4 versions regarding rational
numbers is sufficient.

The analysis of the data revealed that the content knowledge of
ChatGPT 4 versions regarding rational numbers is sufficient.
In this context, the responses in Table 1 can be examined.

As seen in the examples in Table 1, ChatGPT 4 versions
have defined a rational number as the ratio of two integers and
highlighted that the denominator must be a non-zero integer.
It has indicated that the numerator and denominator do not
need to be co-prime and has appropriately demonstrated the
representations of negative rational numbers. Despite the
different representations of negative rational numbers, the
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Table 1: Responses of ChatGPT 4 Versions Regarding Content Knowledge of Rational Numbers

Sample Questions

Responses of GPT-4 Versions

What is a rational number?

A rational number is a number that can be expressed as the ratio of two integers (numerator and
denominator), where the denominator must be non-zero. For example, , , and (which is equal to)
are rational numbers.

Rational numbers are expressed
in the form , as you know. Must
and be co-prime in this case?

Rational numbers are expressed in the form , and and do not have to be co-prime. However, if
and are not co-prime, the fraction can be simplified and expressed in its reduced form.

How are negative rational numbers
represented?

Negative rational numbers can be represented by placing the negative sign in the numerator,
denominator, or in front of the fraction. The important thing is to indicate that the entire fraction
is negative. Here are three different forms of representation:

1. Negative Denominator: The negative sign is placed in the denominator. For example,

2. Negative Numerator: The negative sign is placed in the numerator. For example,

3. Negative Sign in Front of the Fraction: The negative sign is placed in front of the entire
fraction.

Note: The most common mathematical convention is to place the negative sign in front of the

fraction (). This is a more common and generally clearer way to emphasize that the fraction is

negative. However, the other two representations are also mathematically correct and convey the

same meaning.

Does every rational number have a
decimal representation? If so, how
can we convert rational numbers to
decimal form?

Yes, every rational number has a decimal representation. Rational numbers are numbers obtained
by dividing a numerator by a denominator, and the result of this division can be expressed in
decimal form. Decimal representations can appear in two different forms: terminating decimals
and repeating decimals.

Converting Rational Numbers to Decimal Form:

1. Terminating Decimal Representation: If the denominator of a rational number contains only
factors of and , which are powers of , the number has a terminating decimal representation.
For example, to convert the rational number to decimal form, we calculate how many times
the numerator can be divided by the denominator:

In this process, even though does not divide evenly into , by adding enough zeros, we obtain
a terminating decimal value.

2. Repeating Decimal Representation: If the factors of the denominator include numbers other
than veya, the resulting decimal representation will be repeating (periodic). For example, if
we convert the rational number to decimal form:

Here, the digit 3 repeats continuously, which is why this decimal representation is called
repeating.

Is the number equal to ?

Now let’s move on to an interesting question: Is the number equal to ? To understand
this, we'll use some mathematical proofs and logical explanations.
Proof 1: Fractional Proof
1. Definex:
o x=0,9999...
2. Multiply with :
o 10x=9,9999...
3. Subtract:
o 10x-x=9,9999...-0,9999...
o 9x=9
4. Findx:

°
=] x=-
@

o x=1
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Sample Questions

Responses of GPT-4 Versions

As a result of these operations, we see that .
Proof 2: Proof Using Fractions

- s . . a
This is a geometric series, and its sum can be found using the formula — .

1-r

1. Sum of Fractions:
0 Let’s write as an infinite series:
2. Series Sum:
0
o  First term 0.9, common ratior = 0.1
0,9 0,9
o Sumi=—=—=1.
1-0,1 0.9

detail regarding the commonly used representation for these
numbers is particularly noteworthy. The method it describes
for converting rational numbers to decimal form (terminating
if there are only factors of and in the denominator; repeating
if there are other factors) is a mathematical fact that is not
frequently emphasized in the literature. Additionally, it has
adequately explained the case of the repeating decimal being
equal to , with sufficient mathematical justification.

Case 2: The pedagogical content
knowledge of ChatGPT 4 versions
regarding rational numbers is mostly
sufficient, but partially limited.

Questions targeting both content knowledge and PCK were
asked to ChatGPT 4 versions. The information under this
heading emerged not only from questions related to PCK
but also from content knowledge questions. For example, the
table below will show responses on how rational numbers can
generally be introduced to students (Table 2).

Table 2: Responses of ChatGPT 4 Versions Regarding PCK on Rational Numbers

Sample Questions

Responses of GPT-4 Versions

What is a rational number?

The relationship of rational numbers with natural numbers and integers can be thought
of as an extended form of these sets. Natural numbers and integers are special cases of
rational numbers. For example, every natural number can also be expressed as a ratio-
nal number in the form of .

Understanding rational numbers is crucial for developing mathematical thinking and
problem-solving skills, as these numbers are directly related to concepts we frequently
encounter in daily life, such as ratios, percentages, and proportions. A solid grasp of
these concepts will strengthen students’ mathematical reasoning and help them analyze
situations they encounter in real life.

1.
As a teacher, how would you define
rational numbers to students 2.

3.

examples.

When defining rational numbers to students, I would start by connecting to what they already
know about numbers. This helps students better understand new information by relating it to
prior knowledge. Here are the steps I would follow in defining this concept:

Reviewing Basic Concepts: First, I would help them refresh their knowledge about natural
numbers and integers. I would remind them that natural numbers are zero and positive whole
numbers, while integers are an extended set that includes negative numbers.

Definition of Rational Numbers: I would define rational numbers as numbers obtained
by dividing a numerator by a denominator. The denominator cannot be zero, as dividing a
number by zero is undefined in mathematics.

Demonstration with Examples: I would explain that these fractions are rational numbers
by demonstrating various fractions. For example, , and (which is equal to ). I would also
show how these fractions are used in different contexts (ratios, percentages, proportions) with
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Sample Questions

Responses of GPT-4 Versions

As a teacher, how would you define
rational numbers to students?

4. Decimal Representations: By transitioning to the decimal representations of rational
numbers, I would explain that each rational number can be expressed either as a terminating
decimal or as an infinite repeating pattern (periodic). For example, ve .

5. Connections to Everyday Life: I would demonstrate how rational numbers are used in
everyday life with examples, such as calculations involving money, measurements in recipes,
distance, and speed.

6. Visual and Interactive Materials: I would reinforce the concept of rational numbers by using
visual and interactive tools such as fraction bars, number lines, and interactive fraction games.

These steps help students associate rational numbers with concrete examples and better under-

stand the concept. By receiving feedback from students at each step, I have the opportunity to

re-explain any parts they do not understand.

Rational numbers are expressed in
the form , as you know. Must and
be co-prime in this case?

In expressing rational numbers in the form , it is not necessary for and to be co-prime. However,
to represent rational numbers in their simplest form, it is generally recommended to simplify by
dividing out any common factors between and .

For example, is a rational number, and in this case, there is a common factor of between and
. We can simplify this number to . This simplification process helps students understand and
compare rational numbers more easily, as the form is simpler and more understandable than .

Additionally, the simplified form of a rational number is often more useful when performing
mathematical operations. For example, when adding or multiplying fractions, using their
simplified forms can make the calculations easier.

In conclusion, a rational number can be formed even if and are not co-prime; howev-
er, simplification is recommended to make mathematical expressions cleaner and more
understandable. This is a common practice in mathematics and an essential skill for
students to use rational numbers more effectively.

As can be seen, ChatGPT 4 versions use appropriate
explanations when introducing rational numbers to 7th-grade
students. Details such as relating rational numbers to integers
and natural numbers, as well as their direct relationship with
concepts frequently encountered in daily life, like ratios,
proportions, and percentages, provide insight into the PCK
of ChatGPT versions. Additionally, the headings used, such
as “reviewing basic concepts” and “demonstration with
examples,” are noteworthy because they can be applied not
only in the introduction of rational numbers but also in the
teaching of other concepts. The examples provided under the
“Visual and Interactive Materials” heading, such as fraction
bars, number lines, and interactive fraction games, indicate
that ChatGPT 4 versions have knowledge of the elements used
to represent rational numbers and recognize the importance
of visualization in teaching.

When examining Table 2, it can be seen that the
explanations provided by ChatGPT 4 versions regarding the
co-primality of the numerator and denominator are sufficient
for students. Explaining that the simplest form of a fraction
makes calculations easier in mathematics can be considered
a satisfactory explanation for 7th-grade students. Similarly,
regarding the conversion of repeating decimal representations
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into rational numbers, it provided the following explanations
that students can understand:

Converting repeating decimal representations into
rational number form offers students a great opportunity,
especially to develop their mathematical thinking skills and
understanding of algebraic manipulations. I use the following
methods to teach this process step by step:

1. Introducing Basic Concepts
Explanation: I would explain that repeating decimal
representations are sequences of numbers that repeat
continuously. For example, or .
Representation: I wo uld emphasize that these types of
representations are formed by the repetition of a pattern.
2. Performing the Process Through a Simple Example
Example Selection: I would take a simple repeating
decimal representation like .

Steps:

L. Let’s assume .

2. If we multiply both sides by , we get 6.

3. If we subtract the first equation from the second
equation: we get, 10x-x=6, 6 -0,6 .

4. We get 9x=06.
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6 2

5. Then, X=e=3-

3. Performing the Process Through a More Complex
Example

Example Selection:

Steps:

1. Let’s assume x= 0,12_3.

2. We multiply the number by to bring the decimal
point to the start of the repeating section.
10x=1, 23

3. Wemultiply the number by 1000 so that the repeating
section is entirely to the right of the decimal point.:
1000x=123,23

4.  We subtract the smaller number from the larger
number:
1000x-10x=123,23 - 1,23

5. We get, 990x=122

4. Applications and Exercises

I would provide students with various repeating decimal
representations and ask them to convert these into rational
number form.

We would do group work in class to reinforce the process
of converting these types of representations.

5. Using Visual and Interactive Tools

I would use interactive tools or software that demonstrate
these conversions on a number line to help students
understand the concept visually.

With this methodology, I enable students to both
understand and practice the process of converting repeating
decimals into rational numbers. This process helps students
develop their algebraic thinking and calculation skills.

As can be seen, the explanations provided by ChatGPT 4
versions on this topic are sufficient in terms of mathematical
content and are rich in elements such as progressing from
simple to complex, exercises, group work, and visual tools.
Now, we can look at the data regarding the PCK of ChatGPT
4 versions on the role of zero in rational numbers.

Table 3: Responses of ChatGPT 4 Versions Regarding PCK on the Role of Zero in Rational Numbers

Sample Questions

Responses of GPT-4 Versions

Dear Students,

Is zero a rational number? / How
would you explain this to your stu-
dents as a teacher?

numbers.

Yes, zero is a rational number. When explaining this to students, it’s important to clearly and simply
convey the reasons why zero is considered a rational number. Here’s how I would do it:

Today, we will examine whether zero is a rational number. To understand this topic, let’s
first recall the definition of rational numbers. Rational numbers are numbers expressed
as the ratio of two integers and are written in the form , where and are integers and can-
not be zero. Now, let’s think about whether zero is a rational number. Can we express zero
as a rational number? Yes, we can. Zero can be written as a fraction with a denominator
of . The integer zero can be written as . Here, and . The expression fits the definition of a
rational number because the numerator () and the denominator () are integers, and the
denominator is not zero. Similarly, , , and all represent zero and are considered rational

Are numbers with a denominator of
rational numbers? / How would you | 2.
explain this to a student as a teacher?

meaningless.

A number with a denominator of zero is not a rational number. This is an important rule in math-

ematics, and an expression in the form of is undefined. When explaining this concept to 7th-grade

students, I would use concrete examples and visual explanations to help them understand why

such a restriction exists. Here is a roadmap for how I could convey this information:

1. Explaining the Concept of Undefined: I would explain to students that every

operation in mathematics has a definition, and some operations cannot be performed

or are meaningless, such as division by zero.

Why the Denominator Cannot Be Zero: I would explain why a denominator of zero

is unacceptable. In a division operation, the denominator represents the quantity

being divided by. If the denominator is zero, it means the division is being done by

“nothing,” which is logically impossible..

3. Examples from Everyday Life: I would reinforce this concept with examples from
everyday life. For instance, imagine a pizza that you are trying to divide among zero
people. Since there is no one to divide the pizza for, the division operation becomes
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Sample Questions

Responses of GPT-4 Versions

Are numbers with a denominator of

rational numbers? / How would you .
. . ematical rule better.
explain this to a student as a teacher?

This process shows students that the concept of division by zero is not only a mathematical rule
but also logically meaningless. These explanations help students understand and accept this math-

As seen in Table 3, ChatGPT 4 versions explained whether
zero is a rational number by referring to the definition of
rational numbers. The explanation, “The expression fits the
definition of rational numbers because the numerator () and the
denominator () are integers, and the denominator is not zero,” is
sufficiently satisfying for 7th-grade students in understanding
why zero is a rational number. In the continuation of the
teaching, it attempted to make learning more effective by
providing other examples that can represent zero.

When examining ChatGPT 4 versions’ explanations on
why the denominator of a rational number cannot be zero,
as shown in Table 3, it can be observed that a mathematical

fact has been adapted to the students’ level. Supporting this
concept with details like the meaninglessness of division
and the pizza example can be considered a well-intentioned
effort. Moreover, pointing out that “showing that the concept
of division by zero is not only a mathematical rule but also
logically meaningless” would help “students better understand
and accept this mathematical rule” indicates the quality of its
pedagogical knowledge on this topic.

Alongside all these positive responses, ChatGPT 4
versions also provided some explanations that were more
limited compared to its other responses. Table 4 can be
provided as an example of these explanations:

Table 4: Limited Responses of ChatGPT 4 Versions Regarding PCK on Rational Numbers

Sample Questions

Responses of GPT-4 Versions

Steps:

Can you explain how we can 4.
represent a rational number on the
number line?

Examples:

3. Integer:

To represent a rational number on the number line, we express it as a fraction and then place this
fraction in the appropriate position. Now, let’s learn how to do this step by step.

1. Identify the Fraction: For example, we want to represent the rational number .

2. Draw the Number Line: Draw a horizontal line and label the midpoint as . Write the
positive integers on the right side and the negative integers on the left side.

3. Divide According to the Denominator of the Fraction: The denominator () gives

us the units by which to divide the fraction. For example, for, since the denominator

is , divide the space between and into equal parts.

Mark the Numerator of the Fraction: The numerator () tells us how many parts to

move forward. For example, for , start at and move units to the right.

5. Place the Point: Place a dot on the third section and label this point as .

1. Positive Rational Number:
Divide between and on the number line into equal parts. Place a point on the
third part and label it as .

2. Negative Rational Number:
Divide the space between and on the number line into equal parts. Place a
point on the second part and label it as .

Place a point at the position of on the number line and label it as .
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Sample Questions

Responses of GPT-4 Versions

follow these steps:

Does every rational number have a
decimal representation? If so, how
can we convert rational numbers

to decimal form? / How would you
explain this to a student as a teacher?

For the first two parts of the question, see Table 1.

Explanation to the Student as a Teacher: Converting rational numbers to decimal form essen-
tially means expressing these numbers through division. To show students this process, I can

1. Demonstration with Examples: I would present students with examples of rational
numbers that have both terminating and repeating decimal representations, and
demonstrate the calculation of each step-by-step.

2. Division Practice: We would practice converting various rational numbers to
decimal form by performing division exercises together on the board or on paper.

3. Visual Aids: I would use a number line or digital tools to visually show students
how decimal representations appear.

4. Discussion: I would have students discuss why some decimal representations are

repeating and others are terminating. This helps in understanding the topic better.
With these methods, we can help students understand the decimal representations of rational
numbers and grasp why these representations differ.

In the section on representing a rational number on the
number line, it can be observed that ChatGPT 4 versions
provided limited responses in terms of PCK. The lack of
emphasis on identifying which two integers the given fraction
lies between, as well as the absence of differentiation between
the placement of negative rational numbers and positive
rational numbers, contribute to these limitations. Similarly,
there are also limitations in the explanation of converting
rational numbers to decimal form. Notably, the responses
focused primarily on division, emphasizing obtaining the
decimal representation by dividing the numerator by the
denominator. However, this conversion can also be achieved
by making the denominator a power of . Despite repeated
questioning, ChatGPT 4 versions did not include responses
that addressed these limitations. Therefore, these responses
from ChatGPT 4 versions were evaluated as limited in terms
of PCK.

DiscussioN

In this study, the state of ChatGPT 4 versions’ mathematical
content knowledge and PCK regarding rational numbers was
examined. The findings indicate that ChatGPT’s mathematical
content knowledge on rational numbers is generally sufficient,
but there are certain limitations in its PCK.

ChatGPT 4 versions were able to provide accurate and
comprehensive answers on topics such as the definition of
rational numbers, the representation of negative rational
numbers, and the conversion of decimal representations.
However, in this study, ChatGPT’s content knowledge was
limited to the information that mightbe encountered in middle
school-level classes. Therefore, the advanced mathematical
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knowledge expected of a mathematics teacher was outside
the scope of this study. For example, deeper mathematical
concepts such as the algebraic structure of rational numbers
and their definition through equivalence relations were not
addressed. Nor was the inclusion of natural and integer sets
within the set of rational numbers examined in the context
of ordered pairs. Wardat et al. (2023) mentioned that while
ChatGPT can discuss mathematics, it is argued that it lacks
a deep understanding of the subject. Plevris et al. (2023)
observed that chatbots generally provide correct solutions
to simple arithmetic, algebraic expressions, and basic logic
puzzles, but when it comes to more complex mathematical
problems and advanced logic tasks, the responses are not
always reliable. This study, however, demonstrated that
ChatGPT’s knowledge of rational numbers may be sufficient
only in line with the knowledge that might arise in middle
school classes.

Frieder et al. (2023) state that ChatGPT can be effectively
usedasamathematical assistant, functioning asamathematical
search engine and information database interface. While
leveraging these strengths of ChatGPT, it is also important
to recognize its limitations (Cotton et al, 2023). In this
study, certain limitations were also identified in the PCK of
ChatGPT 4 versions regarding rational numbers. Specifically,
it was observed that ChatGPT’s pedagogical responses
were not sufficiently in-depth when it came to representing
rational numbers on the number line and converting them to
decimal form. These findings are consistent with other studies
in the literature. For example, in the study by Dumlu et al.
(2024), it was observed that ChatGPT was weak in graphical
representations. As emphasized in the literature, while
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Al-based tools have the potential to provide significant
support to teachers, they may remain limited in pedagogical
tasks (Chen & Lin, 2023).

It is observed that ChatGPT is considered a potential tool
in education for enhancing student engagement, promoting
critical thinking, and providing personalized assistance
(Firat, 2023). However, to fully leverage this potential, it
is important to understand the strengths of ChatGPT. This
study has highlighted the potential of ChatGPT in terms of
its knowledge of rational numbers. Despite all these positive
aspects, it should not be forgotten that the primary role in
effective use belongs to the teacher. In a study conducted by
Noster et al. (2024) with pre-service teachers, it was found
that the rate of incorrect responses could increase when
participants encountered an incorrect answer generated by
ChatGPT. Additionally, it was observed that even with access
to ChatGPT, participants were not able to provide correct
answers to all tasks. Although this study reveals ChatGPT’s
knowledge regarding rational numbers, the appropriate use
of this knowledge will still depend on teachers. Therefore,
it should be considered that the adequacy of ChatGPT’s
knowledge of rational numbers is not a key element in
mathematics teaching.

Future research could explore how Al-based tools like
ChatGPT can be used effectively alongside teachers, how
the PCK of these tools can be improved, and what role they
could play in teaching complex mathematical concepts. It is
especially recommended that more studies be conducted on
how these tools can handle deeper mathematical knowledge
and pedagogical strategies. For example, studies examining
to what extent ChatGPT can grasp content related to the
algebraic structures of rational numbers and advanced
mathematical concepts, and how this knowledge can be used
in teaching processes, could fill a knowledge gap in this area.
As mentioned in the literature, the integration of Al tools
in education has the potential to reduce teachers’ workload
and promote equity in education (Chen & Lin, 2023; NCTM,
2014). Optimizing these tools to work alongside teachers,
considering their limitations, is critical to enhancing the
quality of education and fully realizing the potential of AI in
education.
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Appendix 1. Sample Questions Asked to ChatGPT and an Example Response in Turkish

1.

What is a rational number?

How would you, as a teacher, define rational numbers for students?

[s every integer a rational number? / How would you explain this to a student as a teacher?
Is zero a rational number? / How would you explain this to your students as a teacher?

Can rational numbers with denominators that are not powers of 10 be represented in decimal form? How would you

explain this to a student as a teacher?
Where do we encounter the decimal representation of rational numbers in real life?
How would you, as a teacher, explain the usefulness of decimal representations in real life to 7th-grade students?

How would you explain to 7th-grade students that every rational number corresponds to a point on the number line?
Is the number 0.9999... equal to 1? How would you explain this to 7th-grade students?
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