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Abstract	
Background: The scientific validity of using artificial 
intelligence-based applications for studying anatomy and 
medical specialization exams has begun to be discussed. The 
aim of this study is to evaluate the performance of ChatGPT 4.0 
and Google Gemini in answering anatomy questions from the 
national medical specialty examination administered in Turkey.

Methods: For this study, anatomy course questions were 
extracted from examinations held twice annually between 2006-
2021 and made openly available on the institutional website. We 
selected 384 appropriate questions from a total of 400 questions 
and asked both chatbots simultaneously in an open-ended 
manner to receive their responses. Questions were classified 
according to their topics, types, and content. Questions 
containing clinical information were recorded. Questions with 
more than 40 words were considered long questions. Questions 
were divided under systematic anatomy headings according to 
their subjects (neuroanatomy, locomotor, digestive, respiratory, 
urogenital, circulatory, and endocrine). ChatGPT 4.0 and Google 
Gemini 1.5 Pro models were used. Questions were directed to 
both platforms simultaneously in a single session and in open-
ended format. Statistical analysis was performed using IBM 
SPSS 23 program, with chi-square and Fisher exact tests used 
to compare independent group rates. Statistical significance 
level was accepted as p<0.05.

Results: 384 anatomy course questions were included in the 
study. Of these questions, 56 (14.6%) were questions requiring 
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clinical inference, and 69 questions (18%) were 
long questions. Overall success rate was found 
to be 80.7% in ChatGPT 4.0 and 69.3% in Gemini 
(p<0.001). ChatGPT 4.0 was found to provide more 
correct answers to questions requiring clinical 
knowledge and inference than Gemini (ChatGPT 
4.0: 91.1%, Gemini: 71.4%) (p=0.007). ChatGPT 
4.0 had a statistically significant rate of correct 
answers to clinically based questions (p=0.021), 
while Gemini did not show statistical significance in 
the accuracy of answers given to clinical questions. 
When examined systematically and topographically, 
the correct and incorrect answers given were not 
statistically significant. ChatGPT answered 310 
questions correctly (80.7%) and 74 incorrectly 
(19.3%), while Gemini answered 266 correctly 
(69.3%) and 118 incorrectly (30.7%). Effect size 
measurements (Cramér’s V) were calculated as 
0.127 for overall performance difference and 0.253 
for clinical question differences.

Conclusions: The use of ChatGPT 4.0 may 
be considered more reliable than Gemini in 
anatomy education and specialization preparation 
processes. ChatGPT 4.0’s superiority is particularly 
evident in clinical anatomy-based questions. 
However, it should always be recommended to 
utilize diverse sources in coordination with reliable 
literature sources. Considering the changes in 
anatomy education in recent years based on clinical 
anatomy and the changes in question styles, it is 
possible to encounter longer anatomy questions 
that require clinical inferences and solutions. These 
findings suggest that AI tools such as ChatGPT 4.0 
can be incorporated into clinical anatomy curricula 
for high-stakes exam preparation. However, 
human expertise is essential for complex medical 
scenarios. These data are important for future 
anatomy education strategies.

Özet	
Amaç: Yapay zeka tabanlı uygulamaların anatomi 
ve tıp uzmanlık sınavlarına hazırlık sürecinde 
kullanımının bilimsel geçerliliği tartışılmaya 
başlanmıştır. Bu çalışmanın amacı, Türkiye’de 
uygulanan ulusal tıp uzmanlık sınavındaki anatomi 
sorularını yanıtlamada ChatGPT 4.0 ve Google 
Gemini’nin performansını değerlendirmektir.

Gereç ve Yöntem: Çalışma için 2006-2021 yılları 

arasında yılda iki kez düzenlenen sınavlardan 
anatomi dersi sorularını çıkararak kurumsal web 
sitesinde açık erişim olarak sunulmuş sorular 
kullanıldı. Toplam 400 sorudan 384 uygun soru 
seçildi ve her iki chatbot’a aynı anda açık uçlu 
olarak sorularak yanıtları alındı. Sorular konularına, 
türlerine ve içeriklerine göre sınıflandırıldı. Klinik 
bilgi içeren sorular kaydedildi. 40 kelimeden fazla 
olan sorular uzun sorular olarak kabul edildi. 
Sorular konularına göre sistematik anatomi 
başlıkları altında (nöroanatomi, lokomotor, 
sindirim, solunum, ürogenital, dolaşım ve endokrin) 
ayrıldı. ChatGPT 4.0 ve Google Gemini 1.5 Pro 
modelleri kullanılmıştır. Sorular her iki platforma 
aynı anda, tek bir oturumda ve açık uçlu formatta 
yönlendirilmiştir. İstatistiksel analizde IBM SPSS 23 
programı kullanılarak, bağımsız iki grup oranlarının 
karşılaştırılmasında ki-kare ve Fisher kesin testleri 
uygulanmıştır. İstatistiksel anlamlılık düzeyi p<0.05 
olarak kabul edilmiştir.

Bulgular: Çalışmaya 384 anatomi dersi sorusu 
dahil edildi. Bu soruların 56’sı (%14,6) klinik çıkarım 
gerektiren sorulardı. Soruların 69’u (%18) uzun 
sorulardı. Genel başarı oranı ChatGPT 4.0’da 
%80,7, Gemini’de %69,3 olarak bulundu (p<0,001). 
ChatGPT 4.0’ın klinik bilgi ve çıkarım gerektiren 
sorulara Gemini’den daha fazla doğru yanıt verdiği 
görüldü (ChatGPT 4.0: %91,1, Gemini: %71,4) 
(p=0,007). ChatGPT 4.0, klinik temelli sorulara 
istatistiksel olarak anlamlı oranda doğru yanıt 
verdi (p=0,021). Gemini ise klinik sorulara verilen 
yanıtların doğruluğunda istatistiksel anlamlılık 
göstermedi. Sistematik ve topografik olarak 
incelendiğinde, verilen doğru ve yanlış yanıtlar 
istatistiksel olarak anlamlı değildi. ChatGPT 310 
soruyu doğru (%80,7) ve 74’ünü yanlış (%19,3) 
yanıtlarken, Gemini 266’sını doğru (%69,3) ve 
118’ini yanlış (%30,7) yanıtlamıştır. Effect size 
ölçümleri (Cramér’s V) genel performans farkı 
için 0.127, klinik sorulardaki fark için 0.253 olarak 
hesaplanmıştır.

Sonuç: Anatomi eğitimi ve uzmanlık hazırlık 
süreçlerinde ChatGPT 4.0 kullanımı Gemini’ye göre 
daha güvenilir olarak değerlendirilebilir. Özellikle 
klinik anatomi temelli sorularda ChatGPT 4.0’ın 
üstünlüğü belirgindir. Ancak her zaman güvenilir 
literatür kaynakları ile koordineli olarak farklı 
kaynaklardan yararlanılması önerilmelidir. Son 
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yıllarda anatomi eğitiminde klinik anatomiye dayalı 
değişim ve soru stillerindeki değişim göz önüne 
alındığında, klinik çıkarım ve çözüm gerektiren 
daha uzun anatomi sorularıyla karşılaşmak 
mümkündür. Bu bulgular, ChatGPT 4.0 gibi yapay 
zeka araçlarının yüksek riskli sınavlara hazırlıkta 
klinik anatomi müfredatına dahil edilebileceğini 
göstermektedir. Ancak karmaşık tıbbi senaryolar 
için insan uzmanlığı gereklidir. Gelecekteki anatomi 
eğitimi stratejileri için bu veriler önemlidir.

INTRODUCTION
Artificial intelligence (AI) technologies, unlike 
natural intelligence, are learned models that emerge 
through programming and have caused significant 
changes in the field of education in recent years 
(1). ChatGPT, one of the AI models by OpenAI, 
has received intense interest worldwide since its 
introduction in November 2022. The system can 
perform article production, translation services, 
and question-answer interactions with its natural 
language processing capacity (2). These systems, 
called large language models, also show significant 
success in processing, analyzing, and presenting 
medical information.
There are numerous studies evaluating the 
effectiveness of AI applications in medical 
education. These studies focus on areas such as 
clinical problem solving, academic performance, 
exam success, patient evaluation processes, and 
patient education (3-8). However, the literature 
lacks critical discussion regarding the ability of 
AI models to generate and interpret anatomical 
content specifically in the context of medical 
specialty examinations.
The Medical Specialty Examination in Turkey is 
a strategic evaluation exam that regulates the 
transition of medical school graduates to specialty 
training. In this examination, administered twice a 
year by the Measurement, Selection and Placement 
Center (ÖSYM), there are questions in the fields 
of basic medical sciences and clinical sciences. 
The number of anatomy questions in exams 
has changed after 2011. These questions are 
organized under systematic anatomy categories: 
neuroanatomy, musculoskeletal system, digestive 
system, respiratory system, urogenital system, 
cardiovascular system, and endocrine system 
headings (9).
The aim of this study is to compare the performances 

of ChatGPT 4.0 and Google Gemini in answering 
anatomy questions from the national medical 
specialty examination administered in Turkey 
according to question content and characteristics. 
The research hypothesis is that there are significant 
performance differences between these systems 
in answering anatomy questions, and these 
differences will be more pronounced especially in 
questions requiring clinical inference. This study 
seeks to answer the following research question: 
Does ChatGPT 4.0 significantly outperform Gemini 
in answering clinically-oriented anatomy questions 
from the Turkish National Medical Specialty 
Examination?

MATERIALS AND METHODS
In this retrospective comparative study, Medical 
Specialty Examination anatomy questions prepared 
by the ÖSYM between 2006-2021 and presented 
as open access on the institutional website were 
utilized. Ethical committee approval was not 
obtained for the research as it did not involve 
human or animal subjects and was not used for 
commercial purposes.
From a total of 400 anatomy questions constituting 
the study universe, 4 cancelled questions and 12 
questions with visual content were excluded, and 
384 appropriate questions were included in the 
research. All questions were in multiple-choice 
format and contained a single correct answer. In the 
2006-2011 period, two exams were administered 
annually with 10 anatomy questions in each exam. 
After 2011, two exams per year continued, but the 
number of anatomy questions in each exam was 
increased to 14.
Questions were systematically classified according 
to their topical content, type, and characteristics. 
Questions requiring clinical knowledge and 
inference were evaluated in a separate category. 
Questions exceeding 40 words were defined as 
long questions. In terms of topical distribution, 
questions were divided into systematic anatomy 
headings: neuroanatomy, musculoskeletal system, 
digestive system, respiratory system, urogenital 
system, cardiovascular system, and endocrine 
system categories.

Prompt Design and AI Model Specifications
The AI models used in this study were ChatGPT 
4.0 (accessed May 2024) and Google Gemini 
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1.5 Pro (accessed May 2024). All questions were 
directed to both platforms simultaneously, in one 
session, and in open-ended format. Sample prompt 
structure used for both AI platforms: “I will present 
multiple-choice anatomy questions from the Turkish 
National Medical Specialization Exam (TUS). Each 
question has five options (A-E) and only one correct 
answer. Please indicate the correct answer (A-E)”.
The responses provided by the AI platforms to the 
questions were recorded as correct or incorrect by 
comparing them with the ÖSYM answer key.
Statistical analyses were performed using IBM 
SPSS 23 program. Mean ± standard deviation 
was used for continuous variables, and frequency 

and percentage values were used for categorical 
variables. Chi-square and Fisher exact tests were 
applied for comparing independent two-group 
proportions. Effect size measures (Cramér’s V) were 
calculated for statistically significant associations to 
provide deeper statistical interpretation. Statistical 
significance level was accepted as p<0.05.

RESULTS
Of the 384 anatomy questions included in the 
research, 56 (14.6%) were of a nature requiring 
clinical inference, and 69 (18.0%) were in the 
long question category. The topical distribution of 
questions is presented in Table 1. 

General performance analysis of ChatGPT 4.0 
showed that it gave correct answers to 310 of 384 
questions (80.7%) and produced incorrect answers 
in 74 (19.3%). Gemini gave correct answers to 266 
questions (69.3%) and incorrect answers to 118 
questions (30.7%). This performance difference 
between the two programs was found to be 
statistically significant (p<0.001). Cramér’s V was 
calculated as 0.127, indicating a small to moderate 
effect size.

Analysis of answers given to clinically based 
questions revealed that ChatGPT 4.0 exhibited 
distinct superiority in this category (p=0.021). 
While it answered 51 of 56 questions requiring 
clinical inference correctly (91.1%), Gemini could 
give correct answers to 40 questions (71.4%) in 
the same category. This difference is statistically 
significant (p=0.007) with a Cramér’s V of 0.253, 
indicating a moderate effect size (Table 2).
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When the effect of question length on answer 
accuracy was evaluated, no statistically significant 
change was observed in ChatGPT 4.0’s 
performance. However, it was determined that 
Gemini showed a tendency to increase error rate 

in long questions, but this increase had limited 
significance (error rate for long questions: 39.1%, 
error rate for short questions: 28.9%, p=0.065) 
(Table 3). In the analysis conducted according to 
systematic and topographic anatomy categories, it 

was determined that both platforms exhibited similar 
distribution patterns and showed no statistically 

significant difference. The distribution of answers is 
visualized in Figure 1.

Figure 1. Distribution of Correct and Incorrect 
Responses Provided by ChatGPT 4.0 and Gemini 
According to Systematic Anatomy Categories 
(n=384). (X-axis represents systematic anatomy 
categories; Y-axis shows number of answers. 
Blue bars: ChatGPT 4.0 correct answers, Red 
bars: ChatGPT 4.0 incorrect answers, Green bars: 
Gemini correct answers, Orange bars: Gemini 
incorrect answers).
Detailed subgroup analyses showed that ChatGPT 
4.0 exhibited more consistent performance 

especially in questions requiring complex 
anatomical relationships. The platform showed an 
84.2% success rate in questions requiring multi-
system integration, while Gemini achieved 71.8% 
success in this category.

DISCUSSION
This study is the first comprehensive research 
comparing the performance of different AI programs 
in national medical specialty examination anatomy 
questions. The findings obtained show that 
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ChatGPT 4.0 exhibits distinct superiority compared 
to Gemini, and this difference becomes even more 
pronounced especially in questions requiring 
clinical inference.
Numerous studies evaluating ChatGPT’s 
performance in different areas of medicine have 
been conducted in the last two years. In addition to 
clinical science examinations such as dermatology 
(10-12), orthopedics and traumatology (13,14), 
urology (15), specialty and national license exam 
performances in different countries have also been 
systematically examined. The common finding of 
these studies is that ChatGPT generally exhibits 
adequate performance but shows variable success 
rates in specific areas (16-20).
In the comparative analysis conducted by 
Alessandri-Bonetti and colleagues, it was reported 
that ChatGPT 4.0 showed significant superiority 
compared to Gemini in the burn support examination 
(90% vs. 70%) (21). In the evaluation conducted by 
Fowler and colleagues on ophthalmology exam 
questions, it was also documented that ChatGPT 
performed more effectively than Gemini (22). The 
findings of the current study support the superiority 
of ChatGPT 4.0 in anatomy questions, consistent 
with this literature.
Considering the central role of anatomy in medical 
education, the competencies of AI platforms in this 
field are of critical importance. The high performance 
shown by ChatGPT 4.0 in clinical questions (91.1%) 
in our study demonstrates that this platform can 
successfully achieve clinical anatomy integration. 
This finding parallels the study by Kung and 
colleagues, who emphasized ChatGPT’s potential 
in USMLE questions (23).
However, some limitations regarding the use of 
AI platforms in medical education should also be 
considered. Totlis and colleagues stated that these 
systems may not always produce correct answers 
on the first attempt and their use in anatomy 
education may be limited, because anatomy is 
usually taught before students gain experience 
in patient interaction, diagnostic reasoning, and 
examining patient records (24). In the study by 
Mantzou and colleagues evaluating the consistency 
of ChatGPT 3.5 in musculoskeletal system anatomy 
examination, it was suggested that responses 
showed variability and could not be an independent, 
reliable source, therefore information should be 
verified with anatomy literature (25).

Factors such as prompt engineering and user-
dependent variability may significantly influence 
AI performance in educational contexts. The 
way questions are formulated, the level of detail 
provided in prompts, and individual user interaction 
patterns could affect the accuracy and consistency 
of responses provided by these AI systems. Future 
studies should investigate the impact of different 
prompting strategies and user interaction styles on 
AI performance in medical education.
In the comparative study by Ilgaz and Çelik testing 
question generation and article writing skills in 
anatomy, it was shown that accuracy rates were 
quite variable (26). These findings indicate that AI 
platforms can be used as supportive tools but are 
not sufficient alone.
Similar studies conducted in the field of dentistry 
have shown that the performance of generative 
pre-trained transformers in answering anatomy 
questions can be variable (27). Studies examining 
the evolution of anatomy questions in medical 
specialty examinations in Turkey over the years 
have revealed that changes in question types can 
affect AI performance (9).

The strengths of the current study include the use 
of long-term data sets, standardized evaluation 
criteria, and objective evaluation using the answer 
key of the ÖSYM exam questions. However, 
the study also has some limitations. Questions 
were asked only once and first responses were 
evaluated. Exclusion of questions with visual 
content and use of only Turkish questions may affect 
the generalizability of results. Additionally, since 
AI programs are continuously trained by updating 
their data sets, the performance of programs may 
change in subsequent studies.
Future research should evaluate the performance 
of AI platforms with questions in different languages 
and with visual content, and also investigate the 
effect of multiple-attempt strategies. Furthermore, 
comparing student performance with AI 
performance will be valuable for understanding the 
real impact of these systems on education quality. 
Educational institutions should consider developing 
guidelines for the appropriate integration of AI tools 
in medical curricula, particularly focusing on how 
these technologies can complement traditional 
teaching methods in clinical anatomy education.
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CONCLUSION
This research has shown that ChatGPT 4.0 exhibits 
distinct superiority compared to Google Gemini in 
national medical specialty examination anatomy 
questions. Particularly, ChatGPT 4.0’s performance 
in questions requiring clinical inference indicates 
that this platform is a more reliable tool in anatomy 
education and specialty preparation processes. 
However, it is of critical importance that AI platforms 
be used as supportive tools in medical education 
and that different sources always be utilized in 
coordination with reliable literature sources.
Considering the paradigm shift based on clinical 
anatomy in anatomy education in recent years and 
the evolution in question styles, the possibility of 
encountering more complex anatomy questions 
requiring clinical inference and analytical thinking 
is increasing. In this context, ChatGPT 4.0’s 
more successful performance in both situations 
suggests that AI-based tools like ChatGPT 4.0 may 
be effectively incorporated into clinical anatomy 
curricula, particularly in preparing for high-stakes 
exams. These findings provide important data for 
determining future anatomy education strategies 
and highlight the potential for AI integration in 
medical education while emphasizing the continued 
importance of human expertise and critical 
evaluation.
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