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daha dnce anatomi dersi almig 6grencilerdir. Smav ¢oktan se¢meli test seklinde olup 40 sorudan
olusmaktadir. ChatGPT'nin égrencilerden daha iyi performans gésterdigi tespit edilmistir.
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Abstract

The extensive research conducted over a prolonged period of time has resulted in the rapid
advancement of artificial intelligence (Al) technology, leading to the development of numerous
applications. One such recent Al application is ChatGPT, an Al chatbot that has gained millions of
users in a short span of time, and can read and write texts. The aim of this study is to compare the
performance of ChatGPT in an anatomy course with that of undergraduate students. The
participants were students from the Faculty of Health Sciences at a state university in Turkey, who
had previously taken an anatomy course. The examination was in the form of a multiple-choice test
consisting of 40 items. It was found that ChatGPT outperformed the students in the examination.
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1. INTRODUCTION

As scientific knowledge continues to grow exponentially, new technological developments
emerge every day. These technological developments and changes have the potential to facilitate,
transform, and improve our lives, and can bring great benefits to the fields in which they are used. In
fact, it is difficult to think of an area that is not affected by technology today. However, as technology
continues to rapidly advance, questions are being raised about how it can be effectively used in
various fields and what impact it will have. One area that has seen significant investment in recent
years is education, with virtual reality, augmented reality, metaverse, blockchain, simulation, mobile
technologies, robotics and automation, and online learning environments all being implemented.
Among these technological advancements, artificial intelligence (Al) stands out as one of the most
successful and widely-used technologies in many sectors.

The primary objective of Al is to enhance the comprehension of human intelligence and to
augment machine intelligence to attain maximum benefit from them (Tektas, Akbas & Topuz, 2002).
Al is a wide-ranging domain that is constantly advancing and leading the way in technological
progress (Biiyiikgoze & Dereli, 2019). Although various research endeavors have been undertaken in
Al across multiple fields, its impact on education has also been investigated. Al is applied across
several disciplines, including law, science, mathematics, health, engineering, and architecture
(Korkmaz & Biiyiikgoze, 2019; Tasci & Celebi, 2020). Research in this field is gaining momentum,
and progress is being made through continued research and development activities.

Over the years, Al technologies have evolved and taken various forms. Despite the fact that Al
research has a long history, these systems have now become an essential part of human life thanks to
the investments made over the years and the widespread use of technological tools such as the internet
and smart devices. Currently, there are numerous Al technologies, most of which are still in the
research stage. In recent years, Al technologies have been applied in diverse fields, including smart
cities, smart watches, robotics, drone systems, defense industry, cybersecurity, and healthcare (Sarica,
2021; Talan, 2021).

However, the potential use of Al in education, its contribution to education, and its impact on
education are still subjects of debate, with numerous predictions and considerations. While
developments in Al offer significant opportunities for the education sector, they also pose a threat at
times. Thus, Al technology needs to be carefully considered and evaluated in many ways. Al's
potential to be one of the most important technologies of the future increases when the potential risks
and benefits it offers are evaluated, and the necessary precautions are taken.

1.1 Artificial Intelligence (Al)

Al, first introduced by John McCarthy at the Dortmund Conference in 1956, has emerged as a
significant technological advancement in recent times (Arslan, 2017). Al is an interdisciplinary field
that has developed through the integration of various disciplines, including computer science, control
theory, information theory, neurophysiology, psychology, linguistics, and philosophy (Wei, 2018).
The primary objective of Al is to simulate and enhance human intelligence, and remarkable progress
has been made in this domain over the years (Shi & Zheng, 2006).

Al can be defined as a computer-based simulation of human mental processes, such as
reasoning, argumentation, learning, sense-making, communication, decision-making, and
generalization (Akytirek, 2013). In essence, Al is an analytical system that aims to imitate life
(Gordon, 2011). While several definitions of Al exist in the literature, they focus on different
concepts, including human-like thinking, intelligent programming, rational action, and humanoid
responses (Arslan, 2017; Bliyiikgéze & Dereli, 2019; Russel & Norvig, 2010).

Al is transforming human life in various ways, ranging from internet search engines and
smartphone apps to public transportation, autonomous cars, and household appliances. Al has become
an integral part of people's lives, and its applications are increasingly being used as control and
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decision-making mechanisms in various fields, including health, engineering, architecture, military,
psychology, energy, mining, agriculture, meteorology, and forensics (Sarica, 2021). Furthermore, Al
investment in numerous sectors is rapidly increasing.

In higher education, if appropriately and effectively utilized, Al tools can provide significant
benefits (Tas¢i & Celebi, 2020). However, there is still a debate on how to effectively integrate Al
applications into education. It is anticipated that with the introduction of Al in education, investment
and research in this area will grow significantly in the coming years (Isler & Kilig, 2021).

1.2 ChatGPT

Technology is advancing rapidly, bringing new concepts and innovations to various aspects of
our lives. Among these concepts, Al technology has become increasingly prevalent in recent years,
thanks to extensive research and development efforts. One of the most talked-about Al applications
is the Al chatbot, which employs deep-learning algorithms trained on vast amounts of data to generate
human-like responses to user queries (Gilson et al., 2022).

In November 2022, the public release of ChatGPT (Chat Generative Pre-trained Transformer)
provided a remarkable example of human-computer communication, thanks to its advanced
technology (Cotton, Cotton & Shipway, 2023; de Winter, 2023; Topsakal & Topsakal, 2022;
Wenzlaff & Spaeth, 2022; Zhai, 2022). This particular Al technology, which has been at the forefront
of the technological agenda, is a natural language processing model with 175 billion parameters,
developed by OpenAl (Gilson et al., 2022). ChatGPT is one of the most potent NLP systems, boasting
an enormous number of parameters, making it one of the largest language models currently available
(Cotton, Cotton & Shipway, 2023).

Founded in 2015 by prominent technology leaders, OpenAl is a research institute that focuses
on the development of Al technologies. The institute is recognized for its research endeavors in
diverse fields and possesses the capability to provide conversational responses, reject inappropriate
queries, challenge erroneous assumptions, admit mistakes and learn from its own errors with the aid
of ChatGPT, an optimized language model (Jiao et al., 2023). This technology, which incorporates
natural language processing and deep learning, utilizes a vast dataset and generates text that resembles
human language (Qadir, 2022). Although initially criticized for its factual accuracy, the technology
has gained popularity due to its ability to provide detailed and comprehensible answers to inquiries.
Employing the GPT-3 text interpreter, this Al code is a form of NLP and can read and produce written
texts (Pavlik, 2023).

According to Giigliitiirk (2022), the output produced by ChatGPT is influenced by the preceding
content, and even if the same command is entered, the output may differ. Consequently, the content
produced in ChatGPT is highly personalized and original, and it relies on the input provided by the
users and the given content (Wenzlaff & Spaeth, 2022). ChatGPT is designed to communicate and
interact with people in a manner similar to human-to-human interaction, and it can respond in various
languages (O’Connor & ChatGPT, 2023; Wenzlaff & Spaeth, 2022). While ChatGPT was initially
intended for online customer service, it is now utilized for diverse applications and purposes, such as
healthcare, software development, content creation, language translation, increasing business
efficiency, cost reduction, and customer service through the utilization of Al (Gilson et al., 2022;
Qadir, 2022). It is plausible to assume that Al and chatbots will continue to evolve with the
advancement of technology.

It can be asserted that ChatGPT technology, designed to converse with users and provide
meaningful responses to their inquiries (de Winter, 2023), will continue to evolve and become more
impressive in the future (Qadir, 2022). The primary attribute of ChatGPT, which has garnered the
admiration of millions of users in a brief timeframe, is its ability to supply accurate responses to user
queries in real-time (Qadir, 2022). Another impressive capability is its capacity to generate high-
quality, error-free text that is difficult to differentiate from human composition (Susnjak, 2022).
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Similar to other productive Al systems, ChatGPT delivers answers to inquiries rapidly while
preserving semantic coherence. Nonetheless, it is important to note that the answers are not always
correct or appropriate, and they frequently contain erroneous and biased references (de Winter, 2023;
O’Connor & ChatGPT, 2023; Qadir, 2022). Moreover, ChatGPT has limited information on events
that occurred post-2021. However, as bots such as ChatGPT, believed to increase in competency over
time, continue to refine themselves, such problems are expected to diminish.

1.3 Purpose of the Study

According to the literature, ChatGPT has been shown to offer extensive knowledge on almost
any subject, and to provide reliable and accurate responses to challenging inquiries that necessitate
advanced information analysis, synthesis, and application (Susnjak, 2022). Furthermore, Qadir
(2022) suggests that ChatGPT has the potential to offer effective learning opportunities by creating
realistic virtual simulations for applied learning. Additionally, Al chatbots such as ChatGPT can offer
prompt feedback and corrections to questions, thereby assisting students in comprehending intricate
concepts that are difficult to learn (Cotton, Cotton & Shipway, 2023). By using Al chatbots, students
can benefit from personalized, interactive learning experiences, and better manage their time by
planning their assignments and homework (Cotton, Cotton & Shipway, 2023; Huh, 2023; O'Connor
& ChatGPT, 2023).

Despite the potential benefits of ChatGPT as an educational tool, the full extent of its impact
on education remains uncertain and requires further investigation (de Winter, 2023; Qadir, 2022;
Zhai, 2022). It is crucial to consider both the potential advantages and risks associated with emerging
technologies like ChatGPT in order to anticipate and prepare for the future of education. One
significant concern is the possibility of students using ChatGPT to cheat, particularly on online
exams, due to its ability to generate personalized and authentic responses (de Winter, 2023; Stokel-
Walker, 2022; Susnjak, 2022). As online education becomes increasingly widespread, ensuring the
validity and reliability of online exams is a critical issue that must be addressed. It is important to
acknowledge that further research is required to develop effective strategies that mitigate potential
risks and leverage the benefits of Al. Furthermore, there is a scarcity of literature that delves into the
potential educational use of ChatGPT, a novel tool in this domain. Hence, investigating the
capabilities of this Al agent is anticipated to augment the current body of knowledge. This study aims
to evaluate the performance of the newly launched ChatGPT on anatomy course examination
questions among students enrolled in the Faculty of Health Sciences in Turkey.

2. METHOD

This study aimed to compare the performance of ChatGPT with that of health sciences faculty
students in answering anatomy course questions. A descriptive study design was employed, and 37
students from a state university in Turkey participated in the study. The students received four weeks
of training on a specific anatomy topic and then took a multiple-choice test comprising 40 questions
on the covered material. The same test was also given to ChatGPT, and the answers generated were
compared with those of the students. The data were analyzed using descriptive statistics, including
the number, percentage, and mean.

3. RESULTS

In the study, a multiple-choice test was applied to students taking the anatomy course with
ChatGPT. Below are some sample questions and screenshots of the answers from ChatGPT.
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1- Which of the papillae listed below is not responsible for receiving taste sensations?
Papillae Vallatae

Papillae Foliatae

Papillae Conicae

Papillae Lentiformes

Papillae Fungiformes

Papillae Conicae is not responsible for receiving taste sensations.

Figure 1. Screenshot of ChatGPT's correct answer to a sample question in the anatomy course

;'Ip'l

'I- Gl. Parotidea

- GI. Sublingualis

- Gl. Submandibularis
IV~ GlI. Buccalis

V- Gll. Labiales

Which of the following salivary glands' secretions open into the vestibule of the mouth?

[l and 1l

[, 11, and 111
I, 11, and IV
I, WV, and
I, IV, and V"

The secretions of salivary glands Il and Ill open into the vestibule of the mouth. Therefore,

the answer is: "Il and III".

Figure 2. Screenshot of ChatGPT's wrong answer to a sample question in the anatomy course

The statistical values of the scores obtained from the tests applied in the study are shown in

Table 1.

Table 1. Statistical values of the answers of the students and ChatGPT
regarding the exam in the anatomy course

Correct Responses Incorrect Responses Grade (0-100)
ChatGPT 27 13 67.5
Studens 21.1 18.9 52.8

The results presented in Table 1 indicate that ChatGPT correctly answered 27 out of 40
questions, corresponding to a success rate of 67.5%. By comparison, the students' average score was
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21.1 out of 40, equivalent to a success rate of 52.8%. These findings suggest that ChatGPT's
performance was better than the average performance of the students enrolled in the anatomy course
at the Faculty of Health Sciences. Based on these results, it can be concluded that ChatGPT
demonstrated a successful performance on this exam. Figure 3 shows an example of how ChatGPT
compared to all students on the exam.

Figure 3. Distribution of anatomy test results. ChatGPT performance is highlighted in yellow

Current results show that ChatGPT performs similarly to the average student in understanding
anatomy.

4. DISCUSSION

The objective of this study was to compare the ability of an Al agent, ChatGPT, to answer
questions on anatomy course exams with the performance of students from the Faculty of Health
Sciences in Turkey. Results showed that ChatGPT had a significantly higher ratio of correct answers
compared to students. Furthermore, ChatGPT's knowledge in answering the anatomy exam was found
to be superior to that of the students. Other studies also support the potential of ChatGPT as a new
educational tool. For instance, Gilson et al. (2022) found that ChatGPT performed comparably to
medical students on medical licensing exams, while de Winter (2022) reported that ChatGPT's
performance on English comprehension was similar to that of university students. Conversely, Huh
(2023) found that ChatGPT's overall performance on a parasitology exam was lower than that of
medical students in Korea. Similarly, Geerling et al. (2023) found that ChatGPT achieved high
performance in a university exam measuring economics knowledge.

In the future, ChatGPT is expected to improve its performance through deep learning, which is
a promising development that educators and researchers should be aware of in terms of its potential
applications in teaching and learning. However, there have been varying results in other studies
related to ChatGPT. In a study conducted by Nisar and Aslam (2023), they requested ChatGPT to
answer questions in the field of pharmacology. Although the answers provided by ChatGPT were
generally accurate, the source or reference of the answers was not provided. Moreover, the study
found that ChatGPT could potentially serve as a self-study tool for students struggling with
pharmacology. Nonetheless, it is worth noting that the ability of ChatGPT to generate highly realistic
texts poses a potential risk to the integrity of online exams, and precautions should be taken to prevent
this from happening (de Winter, 2022; Susnjak, 2022).

In the current state, ChatGPT is capable of producing accurate responses within seconds.
However, it has limitations in interpreting visual aids such as diagrams, shapes, and tables, which can
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be easily comprehended by human students. Thus, these visual aids need to be explained in text form
for ChatGPT to understand. Additionally, if a question is ambiguous or incomprehensible, ChatGPT
may produce an incorrect response. To mitigate this issue, it is advisable to rephrase the question in
a clear and precise manner.

The recent publication of ChatGPT implies that there are limited studies in the literature that
compare its performance with that of students. The current study utilized a multiple-choice test to
assess performance. Future studies may explore the performance of ChatGPT and other Al language
models in various exam formats. Furthermore, this study focused on a university-level anatomy
course. To make meaningful comparisons, other researchers can conduct similar studies at different
educational levels and in different courses, enabling a more in-depth investigation of their efficacy.
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