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ARTICLE INFO ABSTRACT
Received: 16 Nov. 2023 The aim of the research is to investigate the academic achievement of ChatGPT, an artificial intelligence based
Accepted: 16 Jan. 2024 chatbot, in a national mathematics exam. For this purpose, 3.5 and 4 versions of ChatGPT were asked mathematics

questions in a national exam. The method of the research is a case study. In the research, 3.5 and 4 versions of
ChatGPT were used as data collection tools. The answers given by both versions of ChatGPT were analyzed
separately by three researchers. As a result of the analysis of the data, it was found that ChatGPT-4 was more
successful in the exam compared to ChatGPT-3,5 version, was better at understanding the questions asked,
understood the instructions better and included more details in the question solution, and at the same time, both
versions made common and different mistakes. According to the findings of the study, it was concluded that
ChatGPT sometimes worked very well, sometimes only worked well and sometimes failed. In the light of the
findings of the study, it can be suggested to use ChatGPT versions in mathematics education to obtain basic
information and to get supervised help.
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INTRODUCTION

Artificial intelligence (Al), which refers to computer-driven technology aimed at developing computer systems that can
perform tasks requiring human intelligence, such as reasoning, decision making, feeling, learning, adapting to new situations, and
human-specific behaviors, has long heralded its inevitable evolution and rise (Coppin, 2004; Nabiyev & Erumit, 2022; Yang et al.,
2021). The beginning of Al was heralded by Turing’s (1950) article in which he discussed the idea of thinking machines and
introduced the Turing test. According to Turing (1950), to be considered intelligent, a machine must be able to convince others
that it is not a machine. The ups and downs of Al (Duan et al., 2019) have changed the perspective on the Turing test. The focus of
research has shifted from whether machines can think to whether they can do what thinking humans can do (French, 2000). One
of the main reasons for the development of Al over time is that the first examples used rule-based reasoning and the rules were
predetermined and obtained from experts. The subsequent development of neural networks has enabled the use of automatic
methods such as classification, regression trees, and data mining (Duan et al., 2019; Nabiyev & Erumit, 2022). The advancement of
big data technology and emergence of new algorithms have enabled the collection and storage of large amounts of data, leading
to the possibility of obtaining more qualified information from an increased volume of data.

The rapid growth of Al’s impact on humans has increased the need to understand it (Yang et al., 2021) and communicate
effectively with it. Al seeks to understand how human intelligence works and to mimic it using computers. The ultimate goal of Al
is to create computer programs that can solve problems in the world like humans and perform specific tasks (McCarthy, 2007). To
achieve this goal, one must be able to use Al effectively. Effective use of Al is possible through effective communication with it and
specialization of the commands and cues used when giving it a task (Eager & Brunton, 2023). When using Al tools, the process of
creating and writing these commands and cues that lead to the most accurate, relevant, and precise results among the possible
responses is defined as prompt engineering (Lo, 2023; Short & Short, 2023). Eager and Brunton (2023) stated that when interacting
with dialog-based Al models, the goal and context of the desired content should be clearly and concisely defined, and guidance
should be provided by adding the necessary instructions and parameters for the appropriate outcome. Understanding and
applying the principles of demand engineering help to realize the maximum potential of Al language models (Lo, 2023).

The notion of collaborative efforts between human and Al is increasingly relevant, notwithstanding apprehensions that Al will
supplant humans. Recent advancements suggest that joint teams of human and Al can be effectively established (Dwivedi et al.,
2023). Research is required to mitigate the detrimental impacts of Al, which is permeating various aspects of human existence,
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including the economy, industry, and education, and to uncover its potential in collaborative work (Duan et al., 2019; Dwivedi et
al., 2023). Notably, in the realm of education, teachers can leverage Al to tailor teaching methods and assessments, thus providing
avaluable aid for students in the learning process (Savelka et al., 2023). As Al significantly affects students’ learning performance,
motivation, interest, self-efficacy, anxiety, and perceived value of learning, better learning performance can be attained through
their studies (Strzelecki, 2023).

Artificial Intelligence in Education

The utilization of digital technologies and Al is revolutionizing education methodologies and processes (Zhang & Aslan, 2021).
These applications were first introduced as computer and computer-related systems and have now evolved into online education
platforms (Chen et al., 2020). Al has gained popularity among educators and students across various academic levels and fields.
Although there are discrepancies in its implementation, this calls for a redesign of educational frameworks and settings
(Chassignol et al., 2018). The integration of Al into education enhances the learning experience, providing a personalized,
adaptable, comprehensive and enjoyable approach to education (Luckin et al., 2016).It can be seen that there is an increasing
trend towards Al in mathematics education research (Hwang et al., 2023).

These studies primarily explore the potential of Al tools to enhance students’ mathematical performance through instant and
personalized feedback (Hwang & Tu, 2021). As suggested by the National Council of Teachers of Mathematics (NCTM) (2014), the
adoption and integration of new technologies in the classroom setting could elevate the standard of mathematics education and
promote equality. Al can serve various functions in math education, including acting as a learning companion or tutor, aiding
teachers, acting as a learning aid, and offering advisory support for policymaking in education (Chen, 2020; Hwang & Tu, 2021;
Montalvo et al., 2018; Wei et al., 2018). Nonetheless, certain parameters must be met for the effective integration of Al in math
education. These conditions entail defining the teacher’s role, establishing appropriate usage boundaries, and adapting to or
modifying traditional teaching methods (Voskoglou & Salem, 2020). When examining research on Al in education, it becomes
apparent that while personalized teacher systems, learning systems, and environments, as well as machine learning technologies,
are widely used, the implementation of chatbots is not as prevalent (Hwang & Tu, 2021; Zhang & Aslan, 2021).

ChatBots

Chatbots are computer systems that allow individuals to interact and communicate with machines by utilizing their own
natural language (Lokman & Ameedeen, 2019). ELIZA, which dates back as one of the inaugural examples of chatbots, is a software
programme that generates replies to queries that are formulated on predetermined keywords (Weizenbaum, 1966). Modern
chatbots possess effective communication skills and can comprehend voice or written commands to execute tasks and provide
answers to inquiries (Adamopoulou & Moussiades, 2020). Unlike the original example, which lacked mutual communication
ability, contemporary chatbots exhibit improved communication skills. Chatbots can be distinguished based on their intended
use, input and response systems, and field of operation (Lokman & Ameedeen, 2019; Nimavat & Champaneria, 2017). Al chatbots
apply natural language processing (NLP) to interact with humans (Nguyen et al., 2022). NLP enables chatbots to perform tasks
such as answering questions and making inferences by utilizing the knowledge, vocabulary, syntax, and semantic structures
generated by humans when processing language (Bellegarda, 2004). This technology is now being widely used in various fields,
including education, to facilitate communication in natural language (Radford et al., 2018). In the field of education, chatbots can
act as teacher assistants or substitutes. By using chat conversations as a teaching tool, chatbots can provide students with a
tailored online learning experience, while also assessing their level of understanding (Chen et al., 2020). One of the most
extensively used chatbots nowadays is ChatGPT.

ChatGPT

ChatGPT is an Al chatbot developed by OpenAl, which uses a human-like language (Dwivedi et al., 2023; OpenAl, 2022). It is a
neural network and generative pre-training transformer (GPT) model that has been trained on large amounts of publicly available
text data, allowing it to create a language structure that bears resemblance to that of human language (Cooper, 2023; Dwivedi et
al., 2023). As a language model, ChatGPT can generate an answer (output) in response to the given question (input) (Lancaster,
2023). ChatGPT, an artificial neural network-based algorithm structure, can execute many systematic tasks (Qureshi et al., 2023).
The algorithm structure utilizes large data sets, known as training data, to create operational rules, thus enhancing its
performance (Nichols et al., 2019; Yue et al., 2022). A deep learning algorithm is a technique that enables a machine, trained with
unstructured raw data, to learn more abstract representations through the same data. If sufficient patterns are established and
learning takes place, the algorithm enables the machine to acquire expertise in complex tasks (LeCun et al., 2015). Neural network
algorithms emulate the process of an intelligent organism to produce output. Similar to human neurons, neural networks can
adapt, organize, and learn from incoming data (Kar, 2016). ChatGPT’s superiority as a chatbot lies in its ability to contextualize
answers, allowing it to seamlessly continue conversations while remaining within the context of previous questions. This feature
leads to ChatGPT being viewed as a robot akin to Turing’s predicted test (Dwivedi et al., 2023; Qureshi et al., 2023; Tlili et al., 2023).

ChatGPT-3,5 vs. ChatGPT-4

Due to the increasing use of large language models across several disciplines, OpenAl released the ChatGPT language model
in November 2022 (OpenAl, 2022). This model, capable of engaging in human-like conversations, has evolved into a language
family over time (Altman, 2023). Presently, ChatGPT version 3.5 and version 4 are available for use. While version 3.5 can be
accessed for free, version 4 requires a fee. ChatGPT-4, the latest iteration of the GPT language models, features an expanded deep
learning set and reduced bugs in comparison to previous versions. OpenAl did not provide further information on the architecture
of GPT-4 in their technical report, but it is estimated to have a 1,000-fold increase in parameters from version 3.5 (Koubaa, 2023).
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Furthermore, GPT-4 was developed using rule-based reward models and a reinforcement learning system that incorporates
human feedback (reinforcement learning with human feedback). Consequently, ChatGPT-4 demonstrates greater reliability,
creativity, and efficacy in executing instructions than ChatGPT-3.5. Additionally, GPT-4’s proficiency has been evaluated in various
academic and professional exams in multiple languages, indicating better performance than its predecessor, version 3.5 (OpenAl,
2023). The training data for both current versions is limited to September 2021.

ChatGPT can provide opportunities for learning in certain subjects, including lesson planning, student support, question
answering, assessment and evaluation, writing, supervision, and programming learning (Rahman & Watanobe, 2023). However,
scholarly opinion suggests that ChatGPT is not a substitute for teacher-student interaction, but rather a means of supporting it
(Dwivedi et al., 2023; Gasevic et al., 2023; O’Leary, 2023). While ChatGPT is a valuable tool to enhance educational opportunities,
caution should be exercised when using it (Tlili et al., 2023). The training data used for ChatGPT could be inaccurate orincomplete,
making it possible for ChatGPT to produce erroneous answers (Lancaster, 2023). Therefore, individuals who wish to use this tool
for domain-specific research should possess sufficient expertise to verify its outputs (Qureshi et al., 2023). Therefore, teachers and
students ought to investigate ways to utilize it efficiently while acknowledging its constraints (Lancaster, 2023).

Recently, ChatGPT’s impact on education was evaluated through its performance in various exams using different criteria. Huh
(2023) compared ChatGPT’s success in a medical exam with that of Korean medical students. The research revealed that
ChatGPT’s accuracy was lower than the students’, and its level of knowledge was insufficient for use in medical students’ school
exams. Geerling and colleagues (2023) conducted a study using a multiple-choice test to assess fundamental economic knowledge
in the United States. Their findings suggest that ChatGPT outperformed the average undergraduate student in economics in this
test. Susnjak (2022) instructed ChatGPT to create critical-thinking questions for undergraduates from diverse disciplines, answer
these questions, and evaluate the responses. The researcher reported the successful performance of the prepared questions and
answers. In light of prior research, it is imperative to identify the strengths and weaknesses of ChatGPT for effective
implementation in mathematics education. Furthermore, a guide demonstrating the practical application of these tools is
necessary so that users who stand to gain from Al tools in education can comprehend the working algorithms, functionality,
advantages, and drawbacks of these systems (Hwang et al., 2020; Zhang & Aslan, 2021).

The study aims to analyze ChatGPT’s academic performance in a national mathematics examination, with the specific goal of
answering the question “What is the academic achievement of ChatGPT in a national mathematics exam?”. Answers to the
following sub-problems were sought under this problem title:

1. Whatis the academic success of ChatGPT-3,5 and ChatGPT-4 versions in a mathematics exam?
2. What are the strengths and weaknesses of ChatGPT-3.5 and ChatGPT-4 versions in the mathematics exam?
3. What are the mistakes made by ChatGPT-3.5 and ChatGPT-4 versions in the mathematics exam?

METHOD

Research Model

A case study was used in the research. A case study is a qualitative approach that collects detailed information about real life,
a current situation or situations in a certain time period through various sources and provides a situation description or situation
themes (Creswell, 2021). Two features that distinguish a case study from other types of research are that it is an event that is
happening now and that studies focus on events that actually exist or occur (Wohlin, 2021). In order to examine the academic
success of ChatGPT in a mathematics exam, ChatGPT version 3,5 and version 4 were asked mathematics questions in a national
exam. Since the research provides detailed information about the accuracy of ChatGPT’s answers and the errors in its answers, a
case study was deemed appropriate.

Data Collection Instrument

We used ChatGPT 3.5 and 4, an Al-based chatbot developed by OpenAl, to answer mathematics questions from a national
exam in this research project. questions from a national exam. ChatGPT is a prompt-driven model that generates detailed
responses (OpenAl, 2022). To ensure consistency, all technical abbreviations used were explained when first introduced, and data
was cited using a consistent style guide. We maintained a formal language style throughout, with hedging language employed to
ensure objectivity. The responses generated by ChatGPT were considered the student’s answers and treated as data for our
analyses.

Data Collection & Analysis

During the study, the ChatGPT-3.5 and ChatGPT-4 versions were posed 15 questions from a national math exam comprising
20 queries. The selection of this limited question set was because ChatGPT’s interface is text-based. Consequently, image
uploading, and recognition features are presently unavailable. As a result, the 2018 mathematics exam, which included fewer
image-dependent questions than other years, was favored for the study. ChatGPT versions were asked verbally, using exactly the
same phrasing as in the exam, for the verbal questions in the 2018 mathematics exam. Tables and figures were presented verbally
and asked to both ChatGPT versions agreed upon by the researchers. Both versions’ answers were then analyzed by three
researchers separately. The researchers constantly exchanged ideas during the analysis, and the data analyses were harmonized
with their evaluations.
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10. Agagidaki tabloda bir lokantada satdan ve her
graminda egit kaion bulunan yemeklerin kOtie
ve kalonleri venimiglir

Tablo: Yemekierin 100 Gramindaid Kalori

Miktarian
W m 100 gram gorba 45 kaloridir. 100 gram pilav 72 kaloridir. 100 gram nohut 40 kaloridir.
Corba | 45 Lokantadaki yemekler her bir tabakta 100 gram yemek olacak sekilde satiimaktadir.Bu
Piav ‘ 72 lokantadan toplam 538 kalori degerinde 10 tabak yemek siparis verildiginde kag tabak
Nohut L 40

g nohut siparig veriimis olunur?
Lokantadaki yemelkier her bir tabakta 100 gram
yemek olacak gekide saliimakiady.

Bu lokantadan toplam 538 kalori degerinde
10 tabak yemek siparig veriidiginde kag
tabak nohut sipariy veriimig olunur?

A)2 B)3 C)4 D)5

Figure 1. Verbal expression of a mathematics question involving a table (Source: Author's statement of the question, using
OpenAl, 2023)

10 tabak yemegin toplam kalori degeri:
10x(01x45+01x72+01x40)=10 x 157 =157

Bu siparisin toplam kalori degeri 538 olduguna gore, nohutlu yemeklerin toplam kalori

degeri:
538 -157 =381

100 gram nohutlu yemek 40 kalori olduguna gore, 381 kalori degerinde nohutlu yemek kag¢

tabak alabilecegimizi hesaplayalim:
381/ (01 x 40) =95.25

95.25 tabak nohutlu yemek alinabilecegi anlamina gelir. Ancak soruda 10 tabak yemek
siparisi verildigi belirtildigine gore, nohutlu yemeklerin en fazla 10 tabagdi olabilir. Bu
nedenle, en fazla 10 tabak nohutlu yemek siparis edilebilir.

Figure 2. ChatGPT-3.5’s incorrect answer example (Response from OpenAl, 2023)

In the event of both versions producing incorrect responses, the researchers provided feedback that adhered to the principles
of prompt engineering and corresponded to the type of error made by ChatGPT. This feedback involved asking the system to
proceed step by step, attempting an alternate approach, or rephrasing the question in order to emphasize the context or
relationship between the data. The feedback process was continued until ChatGPT generated the correct response. If the text
already adheres to the principles or lacks context, answer within cases, where it did not reach the correct answer, it was terminated
because it repeated its mistake despite different guidance and feedback.

The verbal expression of a question containing a table by the researchers is shown in Figure 1 with an example.

Figure 1illustrates that question 10 of the national mathematics examination features a table. As ChatGPT operates via a text-
based interface, the contents of this table were translated into a verbal representation by the research team and posed as a
question to both ChatGPT versions. The researcher asked the question as

“100 grams of soup is 45 calories. 100 grams of rice is 72 calories. 100 grams of chickpeas is 40 calories. Meals in the
restaurant are sold in portions of 100 grams each. When a total of 538 calories worth of 10 plates are ordered from this
restaurant, how many plates of chickpeas have been ordered?”

The initial response given by ChatGPT to this question was deemed correct and accepted without further guidance. However,
when ChatGPT versions provided erroneous responses during the initial inquiry, the researchers provided agreed-upon feedback.
Figure 2 illustrates ChatGPT version 3.5’s incorrect response to the query presented in Figure 1.

Figure 3 demonstrates an example of the researchers’ corrective input.

Upon analyzing Figure 2, it becomes apparent that ChatGPT provided an inaccurate response due to its inability to correlate
the quantity of plates with the corresponding calorie count. ChatGPT’s incorrect answer is, as follows:

The total calorie value of 10 plates of food is calculated, as follows:
10%(0.1x45+0.1x72+0.1x40)=10%x15.7=157.

If the total calorie value of this order is 538, then the total calorie value of chickpea dishes is: 538-157=381.
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ama 10 tabak nohut siparig edilirse 400 kalori olur. Soruda t10 tabagin toplam kalori
degeri 538 kalori

Tamam haklisiniz, yanis anlamigim. Ozir dilerim.

10 tabak yemegin toplam kalori degeri:
(10x45) + (10 x 72) + (x x 40) = 538

Burada x nohut tabagi sayisini temsil eder.
540 +720 + 40x =538

760 +40x = 538

40x =538 - 760

40x =-222

x=-555

Bu durumda, x nohut tabagi siparig edilemeyecegi igin sorunun dogru bir cevabi yoktur.

Figure 3. An example of researchers’ feedback to ChatGPT (OpenAl, 2023)
Since 100 grams of chickpea dish contains 40 calories, let’s calculate how many plates of chickpea dish can be obtained
from 381:381/(0.1x40)=95.25.

This means it can have 95.25 plates of chickpea dish. However, since the question states that 10 plates of food were
ordered, there can be a maximum of 10 plates of chickpea dish. Therefore, you can order a maximum of 10 plates of
chickpea dish.

From the analysis of Figure 3, it is clear that the researchers provided guidance to the participants in order to establish the
correlation between the variables under consideration. The dialogue conducted by ChatGPT, and the researcher is, as follows:

Researcher: If 10 plates of chickpea dish are ordered, the total calorie value would be 400 calories. However, the question
states that the total calorie value of 10 plates is 538 calories.

ChatGPT: Okay, you’re right. | misunderstood, and | apologize. The total calorie value of 10 plates of food is calculated, as
follows:

(10x45)+(10x72)+(X*x40)=538(10x45)+(10x72)+(Xx40)=538.

Here, X represents the number of plates of chickpea dish.

540+720+40X=538.

760+40X=538.

40X=538-760.

40X=-222.

X=-5.55.

In this case, since x is a negative value, it implies that a negative number of chickpea plates cannot be ordered. Therefore,

there is no correct answer to the problem.

FINDINGS

In this section, the academic achievement of ChatGPT in a national mathematics exam is analyzed in line with the purpose of
the study.

Findings Related to Academic Achievement Status of ChatGPT-3,5 & ChatGPT-4 Versions in Mathematics Exam

Table 1 shows a comparison of the academic achievement of ChatGPT-3.5 and ChatGPT-4 in a national mathematics exam.
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Table 1. Comparison of success of ChatGPT versions in mathematics exam

Questions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
ChatGPT-3,5 - - * * - - + - + - * * + * - - - + + -
ChatGPT-4 - + * * - + + - - - * * + * + + - - + +

Note. *Unaskable questions; +Questions that are answered correctly the first time they are asked; & -Questions that were answered incorrectly the
first time they were asked

Table 2. Comparison of success of ChatGPT versions in mathematics examination as a result of feedback

Questions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
ChatGPT-35 4 * * I A R . S S S S R S
ChatGPT-4 N + * * N + + N N N * * + * + + N N + +
Note. *Unaskable questions; +Questions that are answered correctly the first time they are asked; -Questions that were answered incorrectly the
first time they were asked; & V/Questions, where wrong answer was given when first asked & correct answer was given as a result of feedback

Kenarlannin uzuniuklar 6 cm ve 8 cm olan
bir dikdortgene benzer olacak sekiide, kenar
uzuniukian santimetre cinsinden dogal say:
olan bir dikddrtgen cizdecekhr.

Cizilecek bu dikdortgenin alanm 48 santimet-

rekareden blylk olacagina gore en az kag
santimetrekaredir?

A) 96 8) 108 C) 144 D) 192

Bu a'an 48 sant metrekareden blyUk O'mas: gerekenier:

dolay), cizleceiderin an az yan: 192 santimetrekacedie

Figure 4. A sample question in mathematics exam & answers of ChatGPT-3,5 (left) & ChatGPT-4 (right) (OpenAl, 2023)

Upon examining Table 1, it becomes apparent that 15 out of the 20 questions comprising a national mathematics examination
were posed to ChatGPT. Accordingly, the ChatGPT-3.5 version offered correct solutions to five of the 15 questions, while ChatGPT-
4 version correctly answered eight out of 15. Notably, the correct response rate stood at 33% for ChatGPT-3.5 and 53% for
ChatGPT-4 when the questions were initially presented. Considering the accuracy rates of ChatGPT-4 and ChatGPT-3.5 in the
mathematics exam, it is evident that ChatGPT-4 outperformed ChatGPT-3.5.

Findings Related to the Strengths and Weaknesses of ChatGPT-3,5 and ChatGPT-4 Models in Mathematics Examination

Looking at Table 2, certain questions in the ChatGPT versions were not answered correctly at first attempt and required
clarification. Further analysis revealed that the correct answers for these questions were related to the learning objectives of
probability and inequality. Specifically, questions 1, 5, 8, 10, and 17 were answered incorrectly in both versions. Further analysis
revealed that the correct responses for these questions were linked to the learning objectives of probability and inequality. While
ChatGPT-4 correctly answered these questions based on user prompts, ChatGPT-3,5 only managed to answer three of them
correctly. Hence, it can be inferred that ChatGPT-4 had better comprehension of the user’s prompts compared to ChatGPT-3,5.

Secondly, it was observed that ChatGPT-4 had fewer errors in operations than ChatGPT-3,5. In some mathematical queries,
ChatGPT-3,5 exhibited simple processing mistakes and oversights, in contrast to ChatGPT-4. The illustrated question and response
examples are presented in Figure 4.

Figure 4 displays the responses of ChatGPT-3.5 and ChatGPT-4 to the first question of the national mathematics exam.
Although ChatGPT-3.5 provided an answer of “x>2”, it is apparent that they used x=2 to calculate the smallest area. In ChatGPT-
4’s answer, they stated “k2>4 and k can be at least three if k is a natural number”. Upon analyzing the two versions, it is evident
that ChatGPT-3.5 can make simplistic errors in this question, whereas ChatGPT-4 does not make such mistakes.
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Asagidakilerden hangisi
3x2 - 6xy + 3y2
cebirsel ifadesinin garpanlarindan biridir?

A) 3x B)y—x
C)x+y D) 3y?
X C = i ’ .
0 0 3 are cerl fade ece dtrepe g
&« ® ¢ w4 o roe

Sonug oaak "2 - Exy - 3y*2 fadesnin Capanan 3 ve (xy) 26

Figure 5. A sample question in mathematics exam & answers of ChatGPT-3,5 (left) & ChatGPT-4 (right) (OpenAl, 2023)

Iki farkh yOzme kursuna ait Gcretler asagidaki k kursun topiam Ucret:
tabloda venimigtir.

310 + 40x

Tablo: Kurslann Ucretlen

Kinci kursun toplam ucret:

30 = 55x

Kurslar | Kayit Ucreti | Aylik Ucret
(TL) (TL)

1. Kurs 310 40
2. Kurs 130 55 Burada x, kag ay kursa devam edilecegini gostermektedir.
S 55
Yazme kursuna katiian bir kigi bir defalik kayit ki kursun Ocretlerinin esit o'dugu bir nokta oimalidir. Yan
Ocreti ve devam ettigi her ay igin aylik Ocret
odemektedir 310 - 40x = 130 = 35x
Tabloda iicretleri verilen kurslardan birine 310 - 130 = 55x - 40x
katilmak isteyen bir kiginin en az kag ay
kursa devam etmesi durumunda 1. kursa 180 = 15x

katilmasi daha ekonomik olur?

A)8 B)9 C)13 D) 14
Sonug olarak, bir kisinin en az 12 ay boyunca kursa devam etmesi durumunda birinci kursa
katiimas! daha ekonomik clacaktir,

Figure 6. A sample question in mathematics exam & ChatGPT-3.5’s answer (OpenAl, 2023)

It can be stated that ChatGPT-4 demonstrates improved success compared to ChatGPT-3.5 in comprehending user
instructions and correctly executing mathematical operations.

Notably, both versions exhibit fundamental comprehension of mathematical concepts and procedures. Sample queries and
solutions relating to this attribute are depicted in Figure 5.

Figure 5 displays the responses of ChatGPT-3.5 and ChatGPT-4 to the 13t item of the national mathematics examination. Upon
examining Figure 5, it was discovered that both versions were able to factor the provided algebraic expression. Additionally, when
factoring, they demonstrated the ability to isolate the common factor and convert it into a perfect square expression.

Findings Related to Errors Made by ChatGPT-3,5 & ChatGPT-4 Models in Mathematics Exam

In the third sub-problem of the study’s findings, errors made by the ChatGPT-3.5 and ChatGPT-4 versions were highlighted.
Examples were used to explain said errors. It was discovered that while ChatGPT-3.5 was able to determine the upper and lower
limits in inequality questions, it was unable to utilize these limits.

Figure 6 shows the answer given by ChatGPT-3.5 to question 15 of the national maths exam. When analyzing Figure 6, the
answer shows that the value of x=12 is the point, where the total cost of both courses for 12 months is equal. As one course is more
cost-efficient than the other, this implies that the student taking the course pays a lower amount of money simultaneously.
Therefore, ChatGPT 3.5 believes that this value is inaccurate. Due to ChatGPT-3.5’s inability to correctly use the lower and upper
values of the critical value in question, it was only able to determine the critical value and not use it to solve the problem.

Additionally, ChatGPT-3.5 failed to consider whole numbers when calculating the value of a point on the number line, instead
assuming 1 unit between two points. Figure 7 provides an example of this error.

Figure 7 presents ChatGPT-3.5’s solution to question 2 of the national mathematics examination. In the solution, ChatGPT-3.5
indicated the presence of six equal segments between seven and 10, with each section measuring one unit in length. However,
ChatGPT-3.5 failed to recognize that the distance between the numbers seven and 10 is equal to three.

Furthermore, ChatGPT-3.5 misinterpreted the verbal message while translating it into an algebraic expression. An example of
this mistake is available in Figure 8.

ChatGPT-3.5’s solution to question 16 in the national mathematics exam is shown in Figure 8. ChatGPT-3.5 misunderstood
the alternatives provided in this question as “if she chooses the second option over the first option”. As a result, the algorithm was
unable to convert the verbal expression into an algebraic expression accurately.
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Sayr dogrusunda 7 ile 107 kargilik gelen noktalanin aras: 6 es parcaya aynimigtir. Buna gdre
Oglncl eg parcaya digen say: arali@ini bulur musun?

-—X

7 10

7 ile 108 kargilik gelen noktalarin arasi 6 e3 parcaya ayrilmigsa, her bir parganin uzuniugu

Yukaridaki say! dogrusunda 7 ile 10'a kargilik SoIe
gelen noktalarin arasi 6 eg pargaya aynimistir Ugiincii e pargaya digen say: araligini bulmak igin éncelikle 7 ile baglayip her bir parca
igin 1 eklememiz gerekiyor. Bu yekilde, Ugincl parganin baglangig noktas: 7+ 2x1=9
Buna gére A nomas"‘a karslhk gelen Sayl olacaktir (burada 2, 3. pargalann uzuniugunu ifade eder).
agagidakilerden hangisi olabilir?
Uglinct parganin son noktasini bulmak igin de sina bir parga fuge

ekleyebiliriz. Béylece, UoUncd parganin son noktas: 9 + 1= 10 olacaktr
A)v94 B)v/88 C)v79 D) v68

Sonug olarak, GeUncy e parcaya dugen say: araligi (9, 10] seklindedir.

Figure 7. An example question in a mathematics exam & ChatGPT-3.5’s answer (OpenAl, 2023)

Bir telefon sirket mistenierine fatura odemele-
rinde iki indirim segenedi sunmakladir. Ayni zamanda, ikinci sagenedi tercih etseydi 3 lira daha fazla Sdeme yapacaktl. Bu da su

lge if ilebili:
1. se¢enek: Fatura tutarinda %510 indirim FESice isce ecetin
2 segenek: Falura Wtannda 4 fira indirim (X-4) =3 =09%

1. segenedi tercih eden bir mogten 2. segenedi 4 - D.Sx
tercih etmis olsayd 3 lira daha fazla odeme

yapacakt, (X

Buna gére bu miisgterinin fatura tutan kag

liradir? x=10

A) 10 B)30 C)50 D)70 Yani migterinin fatura tutan 10 liradir.

Figure 8. Asample question in a mathematics exam & ChatGPT-3.5’s answer (OpenAl, 2023)

ABC Uggeninde BAC agsinin OigUsd ABC agisinin Oiglsinden blyUk oiduguna gore, kenar

kian arasinda su ligidyl kullanabliriz:

Uggen egitsiziigi Iikesine gore, Ugpenin herhangl ki kenannin toplami diger kenardan blylk

olmali ve herhangl Iki kenannin farki diger kenardan kGcUk olmabdie. Yan!

AB| - |BC| > JAC] > |AB] - [BC

A Ancak JACI nin uzuniugu negatif olamaz, bu yuzden:

18> IACI >0

8cm
Ayrica JAC] > |AB| oidugundan
8 10cm c AC| > 8
ABC aggeninde m(BAC) > m(ABC), Bu kogullan biriestrerek:

|AB| = 8 cm ve |BC| = 10 cm'dir.

18> JACI > &
Buna gore |AC|'nun santimetre cinsinden
alabilecegi kag farklh tam say: degeri vardir?

Bu durumda JAC], 9 fle 17 arasinda tam say: degerierini alabilir. Bu aralikta toplam 9 farid: tam
say! degeri vardir:

A5 B)6 o7 0)8 9,10,11,12,13,14,15, 16,17

Figure 9. A sample question in a mathematics exam & ChatGPT-4’s answer (OpenAl, 2023)

The study also uncovered errors in the solution proposed by ChatGPT-4, in addition to the mistakes made by the ChatGPT-3.5
version. It was concluded that ChatGPT-4 was incapable of accurately establishing the connection between angles and edges. An
illustrative instance of this inaccuracy is provided in Figure 9.

Figure 9 shows the answer given by ChatGPT-4 to the 18™ question in the national mathematics exam. An in-depth analysis of
Figure 9 reveals that this model relied on the fundamental principle of the angle-edge relationship, disregarding the specific detail
that m(BAC)>m(ABC) mentioned in the question. As a result, an incorrect response was generated since only one rule was
considered.

Despite different versions, the same mistakes were discovered. It was noted that ChatGPT-3.5 and ChatGPT-4 were unable to
account for all potential outcomes in probability questions and instead attempted to solve the problem based on a singular
scenario. A demonstration of this error can be seen in Figure 10.

Figure 10 shows the responses of ChatGPT-3.5 and ChatGPT-4 to question 5 in the national mathematics exam. After analyzing
the answers provided by both versions, it was discovered that they were unable to consider all potential scenarios presented in
the question and attempted to solve the problem without accounting for the land areas.

The study’s third sub-problem showed that ChatGPT-3.5 had difficulty employing upper and lower limits in problems with
inequality. Additionally, it disregarded whole numbers when determining the value of a point on the number line, treating the
distance between two points as one unit. Furthermore, it misconstrued verbal expressions during the process of converting them
into algebraic expressions. ChatGPT-4 was discovered to have overlooked certain rules when connecting angles and edges.
Furthermore, it was noted that neither model was capable of dealing with all possibilities in probability queries and attempted to
tackle these problems from a single perspective.
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21 000 m? lik bir arsa ortaklar arasinda paylas-
tinlacaktir. Paylagim igin arsanin tamami

250 m?‘ 500 m? ve 1000 m? lik bolamiere ayn-
liyor. Toplam bolom sayist ortaklann sayisina
esitr. Her bir bolom numaralandinliyor ve bu
numaralar 6zdes kartlann (zenne yazilarak
bos bir torbaya aliliyor. Arsanin ortaklan ara-
sinda gekilecek kura ile bu bolomlenn sahiplen
belilenecekr

Bu kurada torbadan gekilecek ilk kartin
Uzerinde yazan numaranin; alan 250 mz,
500 m? ve 1000 m? olan bélimlerden birine
ait olma olasiliklan egit olduguna gore bu
arsanin kag ortag: vardir?

A)24 B) 36 C)48 D) 60

Figure 10. A sample question in mathematics exam & answers of ChatGPT-3,5 (left) & ChatGPT-4 (right) (OpenAl, 2023)

CONCLUSIONS & RECOMMENDATIONS

The study examines the academic achievement of ChatGPT, an Al-assisted chatbot, in a national mathematics test. The
research was conducted with the understanding that it would be useful to examine teaching and learning strategies with the
developing technology in mathematics education (Hwang et al., 2023). Within the framework of this understanding, the strengths
and weaknesses of the 3.5 and 4 versions of ChatGPT were compared in terms of solving these exam questions. While making the
comparison, the correct solving rates of both ChatGPTs and the correct solving rates of the questions they could not solve after
feedback were taken into consideration. In addition, the criteria such as which mathematical topics both versions differ in solving
and which ones they are united in, and which one uses simpler and clearer expressions while solving the questions were also
examined. The use of new technologies in education isimportant because they serve as facilitators for teachers and lead students
in their mathematical learning (Kimmons, 2020; Mohd et al., 2023; Tatnall & Fluck, 2022). There is also a common view that there
is a need for more studies on mathematics teachers’ and students’ use of emerging technologies (Hu et al., 2020; Hwang & Tu.,
2021). Thus, it can be affirmed that this study aligns with the perspective. Upon analysis of the findings related to the initial sub-
problem of this study, it was determined that ChatGPT 4 outperformed ChatGPT 3.5. This was due to higher rates of correct
answers when questions were first asked, as well as when the given instructions were followed. The research finding confirms the
literature’s conclusion that ChatGPT’s advancements surpass those of its previous versions due to its reinforcement learning
mechanism, which grades numerous responses to select the most relevant (Dwivedi et al., 2023).

When the findings related to the second problem of the research were analyzed, it was observed that both versions of ChatGPT
were able to answer most of the questions that they could not answer at first, and then they were able to answer them correctly
with instructions. While ChatGPT 3.5 missed more simple operations, ChatGPT 4 was found to understand the instructions better
and to include more details when performing operations. Accordingly, it can be predicted that Al can remember the questions it
answers and the answers it produces (Ray, 2019; Turing, 1950). Therefore, it can be assumed that ChatGPT’s performance
increases as it gains more experience in performing certain tasks, as in machine learning, and thus learns from its experiences.
Additionally, the ability to solve elementary level questions was demonstrated with ease in tandem with the tackling of national-
level mathematical questions. This is akin to literature findings that ChatGPT has the ability to contextualize inquiries and
formulate them mathematically while solving them (Chen, 2023). Moreover, it was noted that both versions could unravel queries
that contain visual elements when the descriptions were comprehensible. Previous studies have highlighted the limitations of
ChatGPT in interpreting visual aids such as figures, graphs, and tables compared to human students. Therefore, it is recommended
that authors provide a textual explanation of these materials. This issue can also be assessed in light of previous research on
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ChatGPT’s text quality (Huh, 2023). Thus, it can be argued that ChatGPT presents information systematically while offering
answers that are better suited to context of the questions asked. This can be achieved by considering search strategy formation.

Also, it is important to note that prompt engineering is crucial in enabling ChatGPT to display its full potential. To do so, an
open and purposeful dialogue is required with human guidance, as the system’s abilities can be enhanced when provided with
appropriate clues (Bozkurt et al., 2023; Short et al., 2023; Wang et al., 2023). As a matter of fact, in recent years, it is known that
ChatGPT is able to interpret and contextualize the prompt when formulating a structured review question, creating relevance
criteria and scanning the topics according to the level of relevance (Qureshi et al., 2023). In addition, it can be said that the fact
that ChatGPT improves the answers depending on the proposed criteria and complexity of question is reinforced with this study.

When examining the findings regarding the third sub-problem of the study, it became apparent that both versions committed
errors while attempting national mathematics problems. It is understood that ChatGPT 3.5 used some basic rules of mathematics
directly. For example, it was observed that ChatGPT 3.5 did not change its answers according to the question, could not determine
the upper and lower limits in a question involving inequality, and made a mistake in converting a verbal expression into an
algebraic expression in another question. This is in line with the findings of another study that some of the participants had
concerns about the accuracy and reliability of ChatGPT as it may provide incorrect or incomplete solutions to mathematical
problems (Wu & Yu, 2023). Another study revealed that the majority of participants affirmed ChatGPT’s commitment to providing
precise and beneficial responses to users’ enquiries. However, it was acknowledged that, like any technology, it may have
limitations and subsequently produce incorrect results (Wardat et al., 2023). The findings indicate that ChatGPT could occasionally
make errors and inaccuracies.

Another study found that both versions of ChatGPT made errors, specifically in probability questions. However, following
various prompts, it was observed that ChatGPT 4 could answer the question correctly, while ChatCPT 3.5 could not. These findings
do not fully align with those of Wardat et al. (2023). According to another finding of the study, it was found that both versions made
mistakes especially in probability questions. In addition, it was observed that ChatGPT 4 applied the basic rule of the angle-edge
relation in the angle question in a national mathematics exam but did not pay attention to the detail that one of the two angles
given is greater than the other. Here, it is understood that ChatGPT 4 knew the basic rule of the angle-edge relation but could not
establish the angle-edge relation when another variable related to the angle was given. While it was observed that ChatGPT failed
in some subjects in this study, different results may be encountered in the literature (Wardat et al., 2023). Based on the research
and existing literature, it is apparent that ChatGPT may not always provide the optimal or efficient solution. One possible reason
for this could be the use of flawed data in ChatGPT’s training process (Lancaster, 2023). Further research is required to assess
ChatGPT’s ability in solving mathematical problems objectively. A study carried out in South Korea shows that ChatGPT’s
knowledge and interpretation skills were inadequate in answering medical examination questions. Therefore, this Al is not
recommended for medical students, and the same may apply to other exams (Huh, 2023). The debate on whether ChatGPT can
overcome its problems over time is of current interest. According to OpenAl (2023), ChatGPT can overcome the issues as it is a
conversational Al interface that interacts realistically, follows questions, acknowledges mistakes, rejects inappropriate demands
and employs NLP. Nonetheless, an alternative study reveals a pessimistic viewpoint on the matter. Haque (2022) argued that the
concerns raised by ChatGPT have not been well researched in the field of education. Therefore, it can be said that uncertainty still
remains as to whether ChatGPT can overcome or deepen the concerns found in previous chatbots. In another study, the failures
of ChatGPT in practice such as lack of adequate resources, misuse, data security, and inability to direct the user according to the
purpose were mentioned (Janssen et al., 2021). Although the potential concerns of chat bots are many, whether these concerns
can be addressed can be investigated in future studies. This study delves into the efficacy of different versions of ChatGPT. The
strengths and limitations of ChatGPT, as well as the errors it produces while solving national mathematics questions are examined.
Furthermore, various aspects and issues are identified that warrant further research to enable researchers and practitioners to
best employ ChatGPT, particularly in mathematics education. As previous studies have shown, ChatGPT exhibited varying degrees
of effectiveness, performing near flawlessly at times, adequately at others, and failing on occasion. Numerous studies in the
literature suggest that despite ChatGPT’s impressive capabilities, further guidelines are necessary to optimize its use for
educational purposes in terms of effectiveness, efficiency, and safety (Dwivedi et al., 2023). This study serves to contribute to the
existing literature in this area. Based on the findings of this study, some recommendations for future research on ChatGPT’s
implementation in the context of mathematics education are presented below.

e ChatGPT provides a useful tool for students who may hesitate to ask questions in class, allowing them to find answers to
their questions or submit queries without hesitation.

e Itservesasavaluable tool for students to learn concept definitions using ChatGPT while preparing before their lessons.
e Inaddition, students can obtain instant feedback by verifying the solution of basic level questions with ChatGPT.

e By utilizing ChatGPT, students can directly access answers to basic-level questions involving essential concepts and
operations. Therefore, it is possible that teachers could receive more time to address higher-level inquiries.

e It may be worth investigating the weak performance of ChatGPT in the domains of geometry, probability, and inequality
that were observed in this study.

e Additionally, one could examine how the utilization of ChatGPT for mathematics pre-learning by students affects their
subsequent learning at school.

e Finally, the impact of ChatGPT on students’ cognitive and affective behaviors could be investigated.
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