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ABSTRACT

Objective: Artificial intelligence (Al) technologies are revolutionizing many fields, including health sciences, engineering, and art education. This
article aims to evaluate the Speciality Education Development Examination (UEGS) for orthopedics and traumatology residents in Turkiye, in light
of Chat Generative Pre-Trained Transformer’s (ChatGPT) potential contributions, and to compare ChatGPT's performance with the actual exam
results.

Methods: To evaluate ChatGPT's performance, the questions from the Turkish Orthopedics and Traumatology Education Council UEGS from the
last three years were entered into the dataset. The results of ChatGPT were classified as correct or incorrect and compared with the actual exam
results. The results were analyzed statistically.

Results: Of the 600 questions, 599 were used as data in this study. ChatGPT received 21%, 9.3%, and 5.6% in the 2021, 2022, and 2023 UEGS,
respectively. Over the past three years, the average UEGS performance of ChatGPT was 11.9%. No significant difference was found between
ChatGPT and actual exam results (p=0.109).

Conclusion: This study showed that ChatGPT’s exam performance exceeded that of assistants with first-year residents and was comparable to
that of assistants with second-year residents. The findings highlight the importance of continuously updating and customizing these tools while
exploring the potential of Al technologies in education.
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Amag: Yapay zeka (YZ) teknolojileri, saglik bilimlerinden mihendislige ve sanat egitimine kadar bircok alanda devrim yaratmaktadir. Bu makale,
Turkiye'de ortopedi ve travmatoloji uzmanlik egitimi kapsaminda uygulanan Uzmanlik EGitimi Gelisim Sinavi’nin (UEGS) dederlendiriimesinde
Uretken 6nceden egitilmis dénustlrtcti ChatGPT'nin potansiyel katkilarini incelemeyi ve performansini gercek sinav sonuglariyla karsilastirmayi
amaglamaktadir.

Gereg ve Yéntem: ChatGPT'nin performansini degerlendirmek igin, son g yilin Turk Ortopedi ve Travmatoloji Egitim Konseyi UEGS sorulari veri
olarak kullanildi. ChatGPT'nin sonuglari dogru ve yanlis olmak lzere iki parametre altinda degerlendirildi ve gergek sinav sonuglariyla karsilastirild.
Sonuclar istatistiksel olarak analiz edildi.

Bulgular: Toplamda 600 soru bulunmaktaydi, bunlardan 599'u bu ¢alismada veri olarak kullanildi. ChatGPT, 2021, 2022 ve 2023 UEGS'lerinden
sirastyla %21, %9,3 ve %5,6 puan aldi. Son g yilin ortalama UEGS performansi %11,9 olarak belirlendi. ChatGPT sonuclari ve gercek sinav
sonuglari istatistiksel olarak analiz edildiginde, anlamli bir fark bulunmadi (p=0,109).

Sonug: Bu calisma, ChatGPT'nin sinav performansinin, 1. yil asistanlarinin sinav sonuglarindan daha ylksek ve 2. yil asistanlarinin sinav sonuglarina
benzer oldugunu gdstermistir. Bulgular, bu araclarin strekli olarak giincellenmesinin ve &zellestirilmesinin dnemini vurgularken, egitimde YZ
teknolojilerinin potansiyelini kesfetmenin dnemini de ortaya koymaktadir.
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INTRODUCTION

Artificial intelligence (Al) technologies are revolutionizing
many fields, from health sciences to engineering and art
education. The opportunities offered by these innovative
technologies have significant potential, especially in
transforming education andtraining methods. While medical
education constitutes one of the most critical stages of this
transformation, the effectiveness of educational processes
in specialties such as orthopedics and traumatology plays a
crucial role in training future health professionals. Specialty
training for orthopedics and traumatology residents in
Turkiye requires an intensive, comprehensive curriculum,
and successful management of this process directly affects
both the quality of education and the standards of patient
care. In this context, the Specialty Education Development
Examination (UEGS), developed by the Turkish Orthopedics
and Traumatology Education Council (TOTEK), is an essential
tool for assessing residents’ knowledge and skills and for
measuring the effectiveness of training programs. However,
the objectivity and comprehensiveness of such assessments
and the effectiveness of feedback processes have always
been subject to critical scrutiny. Al technologies, especially
Chat Generative Pre-Trained Transformer (ChatGPT), are
prominent in natural language processing and provide a
novel perspective on these evaluation processes (1-4).

UEGS has been conducted by the TOTEK within the Turkish
Orthopedics and Traumatology Association (TOTBID)
since 2010 to evaluate the personal and institutional
development of resident physicians trained in orthopedics
and traumatology. The true-false question format is used
instead of the multiple-choice question format. To ensure
that test takers are more careful in selecting answers, each
wrong answer cancels one correct answer (5).

ChatGPT's ability to analyze complex data sets, personalize
learning materials, and create interactive learning
experiences can make valuable contributions to existing
methods in medical education. This article aims to evaluate
the UEGS organized for orthopedics and traumatology
residents in Turkiye in light of ChatGPT's potential
contributions and to compare ChatGPT's performance with
the actual exam results. It will analyse how ChatGPT's ability
to comprehend and summarise the training materials and
to answer questions correlates with the exam results.

METHODS

This study aimed to compare ChatGPT's performance
with the results of the UEGS taken by orthopedics and
traumatology residents in Turkiye. The study consists of two

main phases: first, the accuracy of ChatGPT’s answers to
the UEGS sample questions was evaluated; second, these
answers were compared with the actual exam results.

Data Collection

The UEGS questions published by TOTEK and the actual
exam results formed the study’s primary dataset. These
questions covered a variety of clinical scenarios and
theoretical knowledge. During interactions with ChatGPT,
the model was asked to answer these questions. ChatGPT's
first response to each question was recorded. Sample
answers given by ChatGPT are shown in Figures 1 and 2.

Method of Analysis

The answers given by ChatGPT were evaluated by comparing
them with the correct answers to the questions. For each
question, the model’s answer was scored for accuracy, and an
overall success rate was calculated by summing these scores.
This method allowed us to determine the extent to which
ChatGPT could correctly answer the UEGS exam questions.

Comparison

The actual UEGS results of the resident physicians were
obtained from the anonymized dataset provided by TOTEK.
The model’s performance was evaluated by comparing
ChatGPT's overall success rate to these accurate exam
results. In addition, the model’s performance for each
question type was analyzed separately, thereby identifying
the model's strengths and weaknesses in specific subject
areas.

Evaluation

Evaluation of the results yielded inferences regarding
how ChatGPT's UEGS performance compares with that
of actual physicians. These conclusions are intended to
provide information about the applicability and potential of
ChatGPT in the field. Versions of ChatGPT-3.5 and GPT-4
were used in this study, and average values were calculated.
The answers given by ChatGPT were evaluated in two
groups, and the variables were statistically analyzed. Data
were analyzed using a Python software package. p<0.05
was considered statistically significant.

Ethical Considerations

All data used in the study were anonymized to exclude
personal information. The research was designed and
conducted in accordance with ethical guidelines. ChatGPT
was incorporated into the educational process under
licenses permitting both open-source and commercial use.
This study was conducted with the written approval of the
TOTBID board of directors, as documented in their official
correspondence (approval no: 159, date: 26.04.2024).
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1 In untreated adolescent idiopathic scoliosis and > 60-degree curves
that have reached adulthood, progressive cardiopulmonary failure
may occur.

©) True. In untreated adolescent idiopathic scoliosis with curves greater than 60 degrees that persist
into adulthood, there is a risk of progressive cardiopulmonary complications due to the increased
deformity of the thoracic cage, which can impact lung function and cardiovascular health.

Parallel plating versus 90° plating in the surgical treatment of distal
humeral fractures
there is no difference in terms of stability.

® False. There is evidence to suggest that parallel plating and 90° plating can have different effects
on stability in the surgical treatment of distal humeral fractures. Parallel plating generally offers
better stability and fixation compared to 90° plating. The choice between these methods depends
on the specific fracture pattern and clinical scenario, but parallel plating is often preferred for its

enhanced stability and reduced risk of complications.

g

2 In the surgical treatment of a 25-year-old male patient with femoral
neck fracture, 3 cannulated screws an inverted triangle is an
appropriate approach.

® True. In the surgical treatment of a femoral neck fracture in a 25-year-old male patient, using three
cannulated screws arranged in an inverted triangle is a commonly accepted and appropriate
approach. This configuration provides stable fixation and promotes optimal healing of the fracture.
The inverted triangle formation helps achieve proper alignment and compression of the fracture
site, which is crucial for successful recovery.

a

Isolated fracture of the radial styloid (Chauffer fracture) may be
associated with scapholunate ligament injury.

® True. An isolated fracture of the radial styloid, also known as a Chauffer's fracture, can be
associated with injury to the scapholunate ligament. This association occurs because the
mechanism of injury that causes a radial styloid fracture, such as a fall on an outstretched hand,
can also damage the scapholunate ligament, which is located between the scaphoid and lunate
bones in the wrist. Evaluating for associated ligament injuries is important in the management of

Chauffer's fractures to ensure comprehensive treatment and prevent long-term complications.

(&)

Figures 1 and 2. ChatGPT's sample answers to UEGS exam questions
ChatGPT: Chat Generative Pre-Trained Transformer, UEGS: Speciality Education Development Examination

This study was conducted using publicly available methods. The Mann-Whitney U test was used to compare
examination questions and did not involve human two independent, non-normally distributed samples. The
participants or patient data. Therefore, informed consent Pearson chi-square test was used to compare qualitative
was not required. data. Statistical significance was evaluated at p<0.05.

Statistical Analysis
RESULTS

The data were analyzed using the Python software package.
The normality of the quantitative data distribution was Questions that were canceled or that contained visual

assessed using the Shapiro-Wilk test and graphical images were excluded, leaving 599 of 600 questions for
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analysis. ChatGPT scored 21%, 9.3%, and 5.6% in the
2021, 2022, and 2023 TOTEK UEGS, respectively. When
the TOTBID period books were examined, the average
UEGS results for 2021, 2022, and 2023 were 30.4%, 18.7%,
and 22.5%, respectively (6,7). These results indicate that
ChatGPT's performance on examinations has declined
over time. This decrease may be due to an increase in
exam difficulty, changes in assessment criteria, or changes
in ChatGPT's performance in specific subjects.

When analyzed by subject area, ChatGPT demonstrated the
highest success rates in basic orthopedics and trauma (26.67%
each) and the lowest in foot and ankle surgery (3.33%) and
spine surgery (13.33%). Further year-by-year analysis revealed
performance fluctuations across different topics. For instance,
ChatGPT's accuracy in pediatric orthopedics increased from
40% in 2021 to 50% in 2022, but dropped to 20% in 2023,
whereas its performance in trauma declined to 4% in 2022
before improving to 32% in 2023. These results indicate that
ChatGPT's ability to answer UEGS-style questions varies by
subject and exam structure (Figures 3-5).
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Figure 6 shows annual changes in the performance of both
groups, comparing ChatGPT results with actual exam results.
The graph shows how the scores of both groups change
from 2021 to 2023. While ChatGPT's scores decrease over
time, the actual exam results fluctuate. The graph shows
trends and changes in performance over time.

No significant difference was found when ChatGPT
and the actual exam results were compared using the
Mann-Whitney U test (p=0.109). This indicates that the
differences between the results of the two groups may be
due to random variation and that neither group performed
statistically significantly better or worse.

Analysis of the actual exam results from the last three
years in the TOTBID 10" and 11-term books shows that
the average exam success score for residents with one-
year seniority was 11.3%, and for residents with two-year
seniority was 12.1% (6,7). The average UEGS performance
of ChatGPT for the last three years was 11.9%. When
these data are analyzed, they show that ChatGPT's

2021

Figure 3. ChatGPT's success graph by years
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Figure 4. ChatGPT's average success percentage by subjects
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Figure 5. Graph showing the annual subject-based performance change of ChatGPT
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Figure 6. Comparison of "ChatGPT results” and “real exam results” by years
ChatGPT: Chat Generative Pre-Trained Transformer's, UEGS: Speciality Education Development Examination

exam performance is higher than the average results for
residents with one year of seniority and comparable to
those for residents with two years of seniority.

DISCUSSION

This study analyzed ChatGPT's annual examination results
and their relationship to the actual examination results
for the corresponding years. Our analyses revealed that
ChatGPT's performance varied significantly over the years
and in various subject areas. In particular, ChatGPT achieved
high accuracy rates in some subjects but performed poorly
in others. This suggests that the knowledge and skills of
Al-based systems, as human learners do, may vary across
subject areas.

In 2021, a moderately positive correlation was observed
between ChatGPT and accurate exam results, while in

14

2022 this relationship was weakly negative. In 2023, the
relationship turned positive again, but was less intense
than in 2021. These fluctuations may be due to changes in
exam content, updates to ChatGPT's training datasets, or
specificities of subject areas.

The high success rates of ChatGPT in subjects such as
basic orthopedics and trauma indicate that it understands
and processes knowledge and terminology in these areas
effectively. In contrast, the low performance in other areas,
such as spine surgery and paediatric orthopedics, may
be due to the complexity of these topics or ChatGPT's
insufficient training in them. These findings offer important
lessons for integrating Al-based learning and assessment
tools into educational processes. Tools such as ChatGPT
can enrich students’ learning experiences by leveraging
their strengths. However, it is essential to be aware of the
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limitations of these tools and to integrate guidance from
human teachers and other educational materials to provide
students with a comprehensive learning experience.

A review of the literature indicates that few studies have
evaluated ChatGPT's performance in orthopedics and
traumatology examinations. Cuthbert and Simpson (8)
evaluated whether ChatGPT could pass part 1 of the Royal
College of Surgeons’ Fellowship in Trauma and Orthopedic
Surgery (FRCS) examination. They stated that ChatGPT
could not perform the high-level and multistep logical
reasoning required to pass the FRCS examination. Lum
(9) evaluated whether ChatGPT could pass the American
Board of Orthopedic Surgery Examination and found that
ChatGPT was unlikely to pass the exam, but reported that
ChatGPT's performance was comparable to that of a first-
year orthopedic surgery resident. Saad et al. (10) evaluated
ChatGPT's performance on the Orthopedic FRCS (FRCS
Orth) part A exam, but reported that ChatGPT did not
achieve a passing score. In a multinational study, Alfertshofer
et al. (11) manually entered 300 questions from the medical
licensing examinations in the United States of America, Italy,
France, Spain, the United Kingdom, and India to evaluate
the performance of ChatGPT and compare the accuracy
of the answers. The study reported significant differences
in ChatGPT test accuracy across countries. The highest
performance was reported in the Italian exam (73% correct),
and the lowest in the French exam (22% correct). ChatGPT's
performance on the Examen Nacional de Medicina in Peru
was evaluated, and it achieved expert-level performance
(12). A study conducted in Japan reported that ChatGPT
met the passing standards of the National Medical
Licensing Examination (13). ChatGPT's performance on
Anesthesiology Board-Style Examination Questions was
evaluated in another study, which reported that ChatGPT
needed to improve to pass the exam (14).

The use of true-false questions rather than multiple-choice
questions in the UEGS exam presents both advantages
and disadvantages, which are reflected in ChatGPT's
performance. One key advantage of the true-false format
is its ability to assess fundamental knowledge efficiently,
requiring examinees to make definitive judgments about
statements. Additionally, this format discourages random
guessing through negative marking. However, a major
limitation is its reduced capacity to evaluate complex
reasoning and problem-solving skills, which are better
assessed by multiple-choice questions that include nuanced
answer choices. In our study, ChatGPT's performance varied
significantly across different subject areas; its relatively
lower performance on the UEGS may be partly attributable
to the true-false format, as large language models perform

better with contextualized multiple-choice questions.
Furthermore, the 50% chance of guessing correctly on true-
false questions may have introduced variability in ChatGPT's
accuracy. Future evaluations could explore whether a
hybrid approach incorporating both question types would
enhance the exam’s ability to measure a broader range of
competencies and to provide more meaningful insights into
Al-assisted medical education.

CONCLUSION

ChatGPT's mean reported score on the 2021-2023 UEGS
examinations was 11.9%, numerically above the mean for
first-year residents (11.3%) and close to that for second-
year residents (12.1%). Its scores were lower than the overall
resident mean in each examination year, although the
reported comparison did not reach statistical significance
(p=0.109). This finding should not be interpreted as
evidence of equivalent performance.

Performance varied across examination years and
subject areas, indicating limitations in the consistency of
ChatGPT's responses to orthopedics and traumatology
questions. These findings support further investigation of
ChatGPT as a supplementary educational resource, but
do not establish its effectiveness in improving learning or
examination outcomes. Future studies should evaluate
individual model versions separately, clearly define scoring
procedures, and assess educational outcomes before

drawing conclusions about its role in residency training.
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