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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.
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Methods: For this study, anatomy course questions were
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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 Al 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.

Ozet

Amagc: Yapay zeka tabanli uygulamalarin anatomi
ve tip uzmanlik smavlarina hazirlik surecinde
kullaniminin  bilimsel  gecerliligi  tartisilmaya
baslanmigtir. Bu calismanin amaci, Turkiye’'de
uygulanan ulusal tip uzmanlk sinavindaki anatomi
sorularini yanitlamada ChatGPT 4.0 ve Google
Gemini’'nin performansini degerlendirmektir.

Gerec¢ ve Yontem: Calisma icin 2006-2021 yillari
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arasinda yilda iki kez duzenlenen sinavlardan
anatomi dersi sorularini ¢ikararak kurumsal web
sitesinde acik erisim olarak sunulmus sorular
kullanildi. Toplam 400 sorudan 384 uygun soru
secildi ve her iki chatbota ayni anda acik uglu
olarak sorularak yanitlari alindi. Sorular konularina,
turlerine ve igeriklerine goére siniflandirildi. Klinik
bilgi iceren sorular kaydedildi. 40 kelimeden fazla
olan sorular uzun sorular olarak kabul edildi.
Sorular konularina goére sistematik anatomi
basliklari  altinda  (néroanatomi,  lokomotor,
sindirim, solunum, Grogenital, dolasim ve endokrin)
ayrildi. ChatGPT 4.0 ve Google Gemini 1.5 Pro
modelleri kullanilmistir. Sorular her iki platforma
ayni anda, tek bir oturumda ve acik uclu formatta
yénlendirilmistir. istatistiksel analizde IBM SPSS 23
programi kullanilarak, bagimsiz iki grup oranlarinin
karsilastirimasinda ki-kare ve Fisher kesin testleri
uygulanmistir. istatistiksel anlamlilik diizeyi p<0.05
olarak kabul edilmistir.

Bulgular: Calismaya 384 anatomi dersi sorusu
dahil edildi. Bu sorularin 56’s1 (%14,6) klinik ¢cikarim
gerektiren sorulardi. Sorularin 69'u (%18) uzun
sorulardi. Genel basari orani ChatGPT 4.0'da
%80,7, Gemini'de %69,3 olarak bulundu (p<0,001).
ChatGPT 4.0'in klinik bilgi ve cikarim gerektiren
sorulara Gemini’den daha fazla dogru yanit verdigi
gorildi (ChatGPT 4.0: %91,1, Gemini: %71,4)
(p=0,007). ChatGPT 4.0, klinik temelli sorulara
istatistiksel olarak anlamli oranda dogru yanit
verdi (p=0,021). Gemini ise klinik sorulara verilen
yanitlarin - dogrulugunda istatistiksel anlamhhk
go6stermedi. Sistematik ve topografik olarak
incelendiginde, verilen dogru ve yanhs yanitlar
istatistiksel olarak anlamli degildi. ChatGPT 310
soruyu dogru (%80,7) ve 74°Unu yanhs (%19,3)
yanitlarken, Gemini 266’sini dogru (%69,3) ve
118ini yanhs (%30,7) yanitlamistir. Effect size
Olcimleri (Cramér's V) genel performans farki
icin 0.127, Kklinik sorulardaki fark i¢in 0.253 olarak
hesaplanmistir.

Sonug: Anatomi egitimi ve uzmanlk hazirlik
sureclerinde ChatGPT 4.0 kullanimi Gemini’ye gore
daha guvenilir olarak degerlendirilebilir. Ozellikle
klinik anatomi temelli sorularda ChatGPT 4.0'in
Ustinligu belirgindir. Ancak her zaman guvenilir
literatir kaynaklari ile koordineli olarak farkli
kaynaklardan yararlaniimasi &nerilmelidir. Son
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yillarda anatomi egitiminde klinik anatomiye dayali
degisim ve soru stillerindeki degisim gbéz 6nlne
alindiginda, klinik ¢ikarim ve ¢dzUm gerektiren
daha uzun anatomi sorulariyla kargilasmak
muUmkinddr. Bu bulgular, ChatGPT 4.0 gibi yapay
zeka araclarinin yuksek riskli sinavlara hazirlikta
klinik anatomi mufredatina dahil edilebilecegini
gbstermektedir. Ancak karmagik tibbi senaryolar
icin insan uzmanhgi gereklidir. Gelecekteki anatomi
egitimi stratejileri i¢in bu veriler 5nemlidir.

INTRODUCTION

Artificial intelligence (Al) 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 Al models by OpenAl,
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 Al 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
Al 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 (OSYM), 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
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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 OSYM 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 Al Model Specifications
The Al 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 Al platforms: “l 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 Al platforms to the
questions were recorded as correct or incorrect by
comparing them with the OSYM 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.

Table 1. Numerical Distribution of TUS Questions by Systematic Anatomy (2006-2021).

System Category Frequency Percent Cumulative Percent
Neuroanatomy 132 34.4 34.4
Locomotor 114 29.7 64.1
Circulatory 70 18.2 82.3
Respiratory 12 3.1 854
Digestive 42 10.9 96.4
Urogenital 13 34 99.7
Endocrine 1 0.3 100.0

Total 384 100.0

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).

Table 2. Distribution of Correct Answers to Clinical Questions by ChatGPT 4.0 and

Gemini 1.5 Pro.

Clinical ChatGPT 4.0 Total Gemini 1.5 Pro Total
Question True False True False p
o 259 6 | 328 226 | 102 | 328
19%) | (21%) | (100%) (68.9%) | (31.1%) | (100%)
51 5 56 40 16 56
s ©L1%) | 89%) | 100%) | %021 | (71.4%) | (28.6%) | (100%) | O*18
Total 310 74 | 384 266 | 118 | 384
(80.7%) | (19.3%) | (100%) (69.3%) | (30.7%) | (100%)
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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

Table 3. Performance Comparison of ChatGPT 4.0 and Gemini by Question Length.

Question ChatGPT 4.0 Gemini 1.5 Pro
Length True False ot True False Total P
56 13 0 27
Long 812%) | (188%) | ©° 60.9%) | 39.1%) | &
254 61 0.536 | 224 o1 0.065
Short | g06%) | (19.4%) | 1 (71.1%) | 28.9%) | 1
Total 310 74 | 384 26 | 118 | 384

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

significant difference. The distribution of answers is
visualized in Figure 1.
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Figure 1. Distribution of Correct and Incorrect especially in questions requiring complex

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
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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 Al 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 Geminiin 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 Al 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
Al 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).
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Factors such as prompt engineering and user-
dependent variability may significantly influence
Al 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 Al systems. Future
studies should investigate the impact of different
prompting strategies and user interaction styles on
Al performance in medical education.

In the comparative study by llgaz and Celik testing
question generation and article writing skills in
anatomy, it was shown that accuracy rates were
quite variable (26). These findings indicate that Al
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 Al 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 OSYM 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
Al 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 Al platforms with questions in different languages
and with visual content, and also investigate the
effect of multiple-attempt strategies. Furthermore,
comparing student performance with Al
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 Al tools
in medical curricula, particularly focusing on how
these technologies can complement traditional
teaching methods in clinical anatomy education.




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 Al 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 Al-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 Al integration in
medical education while emphasizing the continued
importance of human expertise and critical
evaluation.
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