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ABSTRACT Objective: Recent strides in artificial intelligence, particu-
larly in large language models (LLM), have prompted their exploration in
medical education. This study investigates the proficiency of LLMs in Turk-
ish chief-assistant ophthalmology exams, assessing ChatGPT-3.5, ChatGPT-
4.0, Bing, and Bard. The aim is comparing their accuracy in answering 200
questions spanning six critical ophthalmology topics, providing insights into
their potential applications in medical education. Material and Methods:
The questions were asked in Turkish and obtained from the chief-assistant
exam administered by the Ministry of National Education from internet. A
total of 200 questions were presented to each LLM as fallows ChatGPT-
3.5, ChatGPT-4.0, Bing, and Bard, in October 2023. The questions covered
six groups, including Retina and Vitreous as Group-1, Cornea, Cataract and
Anterior Segment as Group-2, Glaucoma as Group-3, Pediatric Ophthal-
mology, Genetics and Clinical Refraction as Group-4, Adnexa, Uvea and
Oculoplastic as Group-5, and Neuro-Ophthalmology and Strabismus as
Group-6. The primary outcome measure was response accuracy, with top-
ics grouped under these six main headings. Statistical analyses were em-
ployed to assess the accuracy and reliability of the responses with Pearson's
chi-square test. Results: ChatGPT-4.0 emerges as the most accurate LLM
with a 77.5% correct response rate, followed by Bing at 63.0%. In contrast,
ChatGPT-3.5 and Bard exhibit lower accuracy at 51% and 45.5%, respec-
tively. Subgroup analyses emphasize ChatGPT-4.0's superiority across all
branches, showcasing its efficacy in diverse ophthalmology topics. Con-
clusion: Despite promising results, the study acknowledges challenges in
accuracy and underscores the imperative for continual improvements in
LLMs, especially in the realm of clinical applications and education.

Keywords: Artificial intelligence; education and training;
large language models; ophthalmology

OZET Amag: Yapay zeka alaninda, 6zellikle de biiyiik dil modellerindeki
[large language models (LLM)] son gelismeler, bunlarin tip egitiminde aras-
tirtlmasina yol agmustir. Bu galigma, ChatGPT-3.5, ChatGPT-4.0, Bing ve
Bard’1 degerlendirerek, LLM’lerin Tiirk¢e basasistan oftalmoloji sinavla-
rindaki yeterliligini arastirmaktadir. Caliymanin amaci, 6 ana oftalmoloji
konusunu kapsayan 200 soruyu yanitlamadaki dogruluk oranlarini karsilas-
tirmak ve tip egitimindeki potansiyel uygulamalarina iligkin alanlar: tartis-
maktir. Gere¢ ve Yontemler: Arastirmada kullanilmak tizere, dnceki
yillarda Milli Egitim Bakanlig1 tarafindan uygulanan ve Tiirk¢e sorulan ba-
sasistanlik sinavi sorulari internet ilizerinden elde edildi. Toplam 200 soru
Ekim 2023’te her bir LLM’ye ChatGPT-3.5, ChatGPT-4.0, Bing ve Bard
olmak iizere tek tek sunulmustur. Sorular, Grup 1 olarak Retina ve Vitreus,
Grup 2 olarak Kornea, Katarakt ve On Segment, Grup 3 olarak Glokom, Grup
4 olarak Pediatrik Oftalmoloji, Genetik ve Klinik Refraksiyon, Grup 5 ola-
rak Adneksa, Uvea ve Okiiloplastik ve Grup 6 olarak Noro-Oftalmoloji ve
Sasilik olmak tizere 6 grubu kapsamaktadir. Birincil degerlendirme 6l¢iitii, bu
6 ana baslik altinda gruplandirilan konularla birlikte dogru yanitlama orani-
dir. Yanitlarin dogrulugunu ve giivenilirligini degerlendirmek i¢in Pearson’m
ki-kare testi ile istatistiksel analizler yapilmistir. Bulgular: ChatGPT-4.0
%77,5 dogruluk orantyla en iyi performansi gosteren LLM olmustur ve onu
%63,0 ile Bing takip etmektedir. Buna karsilik, ChatGPT-3.5 ve Bard sira-
styla %51 ve %45,5 ile daha diisiik dogruluk orani sergilemektedir. Alt grup
analizleri ChatGPT-4.0’1n tiim branglardaki Gstiinliglinii vurgulayarak g¢e-
sitli oftalmoloji konularindaki etkinligini ortaya koymaktadir. Sonug¢: Umut
verici sonuglara ragmen bu ¢alisma dogruluk konusundaki sorunlart goster-
mekte ve dzellikle egitim ve klinik uygulamalar alaninda LLM’lerde siirekli
iyilestirmeler yapilmast zorunlulugunun altin1 ¢izmektedir.

Anahtar Kelimeler: Yapay zeka; egitim ve 6gretim;
genis dil modelleri; oftalmoloji

TO CITE THIS ARTICLE:

Turkiye Klinikleri J Ophthalmol. 2024;33(3):163-70.

Canleblebici M, Dal A, Erdag M. Evaluation of the performance of large language models (ChatGPT-3.5, ChatGPT-4, Bing and Bard) in Turkish ophthalmology chief-assistant exams: A comparative study.

Correspondence: Mehmet CANLEBLEBICI
Kayseri State Hospital, Clinic of Ophthalmology, Kayseri, Tiirkiye
E-mail: mehmetcl@hotmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Ophthalmology.

Received: 06 Mar 2024

Received in revised form: 02 May 2024

Accepted: 21 May 2024 Available online: 11 Jun 2024

2146-9008 / Copyright © 2024 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

163


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-6554-8021
https://orcid.org/0000-0002-0748-6416
https://orcid.org/0000-0001-8857-994X

Mehmet CANLEBLEBICI et al.

Turkiye Klinikleri J Ophthalmol. 2024;33(3):163-70

Significant advancements have been made in the
field of artificial intelligence (Al) in recent times. In
particular, thanks to advances in deep learning, natu-
ral language processing and large language models
(LLM), AI can perform human-like language-based
operations such as text comprehension, question an-
swering and text generation. The most extensively
used LLM-powered chatbots are Chat Generative
Pre-Trained Transformer (ChatGPT) by Open Al Inc.
(San Francisco, U.S.), Bing by Microsof Corp.
(Washington, U.S.), and Bard by Google LLC. (Cal-
ifornia, U.S.). In the medical field, these LLMs have
a wide range of applications.

These domains are open to further development
and are utilized at various levels, including by pa-
tients, education and training, health professionals
and health systems, ophthalmology in particular, and
research.'? Although there are various biases and in-
accuracies related to the responses and evaluations of
these chatbots, research is nowadays intensively con-
ducted in the field of ophthalmology, especially on
exams, patient information, patient eye care and com-
petencies in subspecialties.>” In the research that was
done in preparation for the Fellowship of Royal Col-
lege of ophthalmologists and Fellowship of European
Board of Ophthalmology exams, it was found that
chatbots were effective.*$

Examinations for board certification in the
medical specialty of ophthalmology are given in our
nation under the auspices of the Turkish Ophthal-
mology Association. Candidates who pass the Inter-
national Council of Ophthalmology Visual Sciences;
Optics & Refraction and Instruments; and Clinical
Ophthalmology exams apply for this exam and it is
held in objective structured clinical examination for-
mat. As a consequence, it was not feasible to work
with chatbots on our national board exam. In previous
years a multiple-choice question style ophthalmology
examination for the chief assistant statue was held in
our country. Consequently, in our study, we aimed to
compare the performance of the 4 most used LLM-
powered chatbots over these exam questions on the
basis of ophthalmology in Turkish language. Also,
these chatbots are only accessible chatbots that can
understand and answer the Turkish language at the
present. To our knowledge this is the first study to
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evaluate the effectiveness of LLMs with Turkish
questions.

I MATERIAL AND METHODS

The questions for the chief assistant exam held by the
Ministry of National Education were obtained from
the website. After a detailed internet search, made
public and available online exam questions from
2010 and 2015 were obtained.”'* 200 questions were
asked to ChatGPT3.5, ChatGPT4.0, Bing and Bard
respectively in October 2023. Bing offers three usage
options and was used in “more precise” mode in our
study. The questions were asked to LLMs one by one.
No new chat page was opened. When the daily usage
limit for ChatGPT-4.0 and Bing expired, the chat was
continued on the same tab the next day. Primary out-
come was response accuracy. The topics were
grouped under six main headings and divided into
sub-groups. They are defined as fallows; Group 1:
Retina and vitreous, Group 2: Cornea, cataract and
anterior segment, Group 3: Glaucoma, Group 4: Pe-
diatric ophthalmology, genetics and clinic refraction,
Group 5: Adnexa, uvea and oculoplastic, Group 6:
Neuro-ophthalmology and strabismus. The second
outcome was determined according to the correct re-
sponse rates of these subgroups.

Each question was asked only once and correct
and incorrect answers were recorded. Prompting was
never done. Questions were asked directly and were
not categorized in terms of difficulty, as this would
have distorted objectivity. If the chatbot did not give
the correct answer, it was recorded as incorrect. Since
the study does not involve living beings such as
human and animal objects, ethics committee approval
is not required.

STATISTICAL ANALYSIS

Statistical analysis of the results was performed with
the program “SPSS for Macintosh Client 25.0 (2016,
IBM, Chicago, IL)”. Descriptive statistics and n (%)
for categorical variables were used. Pearson’s chi-
squared test was used to evaluate the groups among
themselves and together. The reliability value of the
questions was calculated with Cronbach’s alpha
value. Statistical significance was taken as a p value
less than 0.05.
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I RESULTS

ChatGPT-4.0 had the highest accuracy of any chatbot
at 77.5% correct responses. Bing, ChatGPT-3.5 and
Bard followed (63%, 51% and 45.5%). Statistical
analysis of the groups’ Al performances revealed that
ChatGPT-4.0 outperformed all others, achieving an
accuracy rate exceeding 70% across all branches
(p<0.05). Statistical analysis of the groups’ LLM per-
formances revealed that ChatGPT-4.0 outperformed
all others, achieving an accuracy rate exceeding 70%
across all branches (p<0.05). In group 5, Bing
statistically significant advantage
(p=0.042). Bing provided an approximate 60% cor-

achieved a

rect response rate for the remaining categories; how-
ever, no statistically significant results were detected.
ChatGPT-3.5 provided responses for the groups with
an approximate range of 35% to 65% accuracy. There
was no significant difference observed in compari-
son to other Als (p>0.05). Among all the chatbots,
Bard exhibited the lowest accurate response rate. Fur-
thermore, the correct response rates varied the most
between groups, spanning from 27.3% to 71.4%.
Bard received the least number of responses (p<0.01)
for Group 3, which comprised topics related to glau-
coma.

The mean correct response rates for the ques-
tion groups were 65.7% for Group 1, 55.68% for
Group 2, 52.28% for Group 3, 67.83% for Group 4,
67.25% for Group 5 and 54.63% for Group 6. LLMs
performed above 60 percent on average for groups

1,4 and 5. These groups encompass issues related to
the retina-vitreous, pediatric ophthalmology, genet-
ics and clinic refraction and adnexa, uvea-oculo-
plastic. The most difficult group was the 3™ group
with Glaucoma questions except ChatGPT-4.0. De-
tailed results, statistical values and comparative
graph for the groups are summarized in Table 1 and
Figure 1.

When the chatbots were compared with each
other in groups of two, no statistically significant dif-
ference was observed between ChatGPT-4.0 and
Bing, while a difference was observed between the
other LLMs. When ChatGPT-3.5 and Bard were
compared with other LLMs, statistically significant
differences were observed with all of them. Table 2
provides a concise overview of the comparison be-
tween pairs of Als.

The Cronbach’s alpha coefficient for the ques-
tions was 0.712, suggesting that the questions were
sufficient in evaluating various subjects.

I DISCUSSION

Our research examines the use of several chatbots to
assess ophthalmic credentials in the Turkish lan-
guage. ChatGPT-3.5, ChatGPT-4.0, Bing, and Bard,
four of the most popular LLMs right now, were used.
Our research showed that ChatGPT-4.0 provided a
high degree of question accuracy. Bing is in second
place with 63% correct answers, although statistically
significant. Generally, 60% is used as a passing grade

TABLE 1: Correct response rates according to LLMs and statistical comparison of groups together.
Overall values

Question ChatGPT-3.5 ChatGPT-4.0 Bing Bard for each group

numbers Accuracy p value Accuracy p value Accuracy p value Accuracy p value Accuracy
Group 1 35 65.7% p=0.063 80.0% p<0.001 65.7% p=0.063 51.4% p=0.866 65.70%
Group 2 62 46.8% p=0.611 72.6% p<0.001 58.1% p=0.204 45.2% p=0.446 55.68%
Group 3 33 36.4% p=0.117 81.8% p<0.001 63.6% p=0.117 27.3% p=0.009 52.28%
Group 4 14 57.1% p=0.286 85.7% p=0.008 57.1% p=0.593 71.4% p=0.109 67.83%
Group 5 29 62.1% p=0.593 79.3% p=0.002 69.0% p=0.041 58.6% p=0.353 67.25%
Group 6 27 44.4% p=0.564 74.1% p=0.012 66.7% p=0.083 33.3% p=0.083 54.63%
Overall values
for each LLM 200 51.0% p=0.777 77.5% p<0.001 63.0% p<0.001 45.5% p=0.203 59.25%

Group 1: Retina and vitreous, Group 2: Cornea, cataract and anterior segment, Group 3: Glaucoma, Group 4: Pediatric ophthalmology, genetics and clinic refraction, Group 5: Adnexa,
uvea and oculoplastic, Group 6: Neuro-ophthalmology and strabismus; p values with statically significant are shown with bold characters; The all groups are compared with Pearson
chi-square test ; LLM: Large language model.

165




Mehmet CANLEBLEBICI et al.

Turkiye Klinikleri J Ophthalmol. 2024;33(3):163-70

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

ODD

Group 1 Group 2 Group 3

Group 4

ChatGPT-3.5 M ChatGPT-4.0 MBing MBard

Group 5 Group 6 Overall

FIGURE 1: Comparison of large language model -powered chatbots' accuracy for all groups and overall results. The x-axis shows the percentage and the y-axis shows
the groups. Group 1: Retina and vitreous, Group 2: Cornea, cataract and anterior segment, Group 3: Glaucoma, Group 4: Pediatric ophthalmology, genetics and clinic ref-
raction, Group 5: Adnexa, uvea and oculoplastic, Group 6: Neuro-ophthalmology and strabismus.

TABLE 2: Statistical comparison of correct answer rates one by one according to LLMs with Pearson chi-square test.

LLM Chatbots p value
ChatGPT-3.5 vs. ChatGPT-4 p<0.001
Bing p<0.001
Bard p<0.001
LLM Chatbots p value
Bing vs. Bard p=0.024
ChatGPT-3.5 p<0.001
ChatGPT-4 p=0.127

LLM Chatbots p value
ChatGPT-4 vs. Bing p=0.127
Bard p<0.001
ChatGPT-3.5 p<0.001
LLM Chatbots p value
Bard vs. ChatGPT-3.5 p<0.001
ChatGPT-4 p<0.001
Bing p=0.024

LLM: Large language model.

in exams. At this point, it’s safe to assume that Bing
will pass the vast majority of tests. Neither ChatGPT-
3.5 nor Bard were able to provide answers that were
right. A lot of work has been done on ChatGPT-4.0
and it is one of the most successful LLMs-based chat-
bots for examinations. All four Als we tested were
employed by Raimondi et al. in the Royal College of
Ophthalmologists’ fellowship exams, with ChatGPT-
4.0 achieving the highest percentage of accuracy
(82.9%).% Similar to our own research, Bing’s accu-
racy here was satisfactory. ChatGPT-3.5 and Bard,
on the other hand, stayed around 50%. Another study
found that when simply ChatGPT-4.0 was used to an-
alyze the European Board of Ophthalmology fellow-
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ship exam in French, the LLM had a 91% success
rate.’

A recent study assessed human participants as
well as the LLMs Bing, ChatGPT-3.5, and ChatGPT-
4.0. The study included 250 questions sourced from
the Basic Science and Clinical Science Self-Assess-
ment Program of the American Academy of Oph-
thalmology. The human participants achieved a score
of 72.2%, while ChatGPT-3.5, ChatGPT-4.0, and
Bing Chat achieved scores of 58.8%, 71.6%, and
71.2% respectively.* Antaki et al. generated two 260-
question simulated exams from the Basic and Clini-
cal Science Course Self-Assessment Program and the
OphthoQuestions online question bank for evaluate
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ChatGPT-3.5 and 4.0."" Although lower than other
studies, ChatGPT-4.0 gave a correct answer rate of
approximately 60% in the first group of questions and
50% in the second group of questions and also better
than its older version. Recently, a United Kingdom
magazine conducted a comparison between Bard and
ChatGPT for Fellowship in Ophthalmology, specifi-
cally focusing on examination part 1. ChatGPT out-
performed the human average by a significant margin,
although Bard’s performance fell short of it.!> The
findings of our investigation align with the conclusions
presented in these five studies. ChatGPT-4.0 exams
have demonstrated remarkable success in the field of
ophthalmic examinations. Bing has a high success rate.
ChatGPT-3.5 and Bard yield subpar outcomes.

In order to comprehend the performances of
LLMs, it is imperative to assess the operational
methodologies of these four distinct LLMs. Chat-
GPT-4.0 differs from version 3.5 by being multi-
modal, much more processing power, much more
nuanced, more accurate, less prone to hallucina-
tions."* Bing was developed by Microsoft but uses
ChatGPT-4.0 as its LLM base.'* However, Bing dif-
fers from ChatGPT-4.0 by being leaner, less sophis-
ticated and less trainable than ChatGPT-4.0.'° Bing
chat uses GPT-4.0 Al architecture with Bing search
engine, indexing and data ranking. Basically, Bing
was designed this way because it has a different pur-
pose than ChatGPT-4.0 and being connected to the
internet aims to provide a more refined experience
for the user. Simpler conversations, with simpler and
faster response rates, can be used for free with the
GPT-4.0 model thanks to Bing chat.'® It offers dif-
ferent experiences with three different usage options.
On the other hand, ChatGPT-4.0 offers a more ad-
vanced, deep and sophisticated, deeply layered and
modifiable experience, but at a cost. The Al tool
Bard, a competitor to OpenAl’s ChatGPT, uses
PalLM2, a LLM developed by Google.!” At this point
Bard is in an experimental phase and is constantly re-
ceiving updates and evolving. The database of Chat-
GPT was closed to data from September 2021
onwards, but the company has recently announced
that current data will be available. At the time of our
study, data before September 2021 was valid for
ChatGPT 3.5 and 4.0.'® Given the continuous updates
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and training capabilities of Als, it is likely that the ef-
fectiveness of these LLMs will improve in the future.
In our study, as we mentioned above about the cur-
rent status of Al, the correct answer rates to the exam
questions were similarly observed. ChatGPT-4.0,
which is evaluated as the most up-to-date and power-
ful LLM, was the most successful Al. Bing uses the
GPT-4.0 model and ranked second. The older version,
ChatGPT-3.5, which is currently available for free, and
Bard, which is developing and experimental, had low
success rates. However, a future database update for
ChatGPT-3.5 and 4.0 and future enhancements to Bing
and Bard may change these rankings. Al technology
is perpetually receptive to advancement.

ChatGPT-4.0 demonstrated superior perfor-
mance while assessing subspecialties. Results in
groups 1, 3, 4, and 5 reached or above 80%. In con-
trast, Bing yielded outcomes that closely aligned with
its own average of 63%. Although ChatGPT-3.5
achieved a success rate of approximately 60% in
Groups 1, 4, and 5, it notably struggled with the glau-
coma-related queries. Bard answered correctly ap-
proximately 30% of the questions on glaucoma,
neuro-ophthalmology and strabismus, while other
groups it had variable results. Jiao et al. used Chat-
GPT-3.5 and 4.0 in their study for ophthalmology
subspecialties using multiple-choice ophthalmic clin-
ical cases provided by the American Academy of
Ophthalmology.' In this study, version 4.0 was 75%
to 46% more successful than version 3.5. Even in
subspecialties, version 4.0 was better than 3.5 in
every area. In our study, ChatGPT-4.0 was the most
successful in every branch in subgroup analyses. Es-
pecially neuro-ophthalmology, cornea/anterior seg-
ment and pediatric ophthalmology questions were
answered correctly by ChatGPT-4.0 in this study. In
the above-mentioned study by Raimondi et al., LLMs
were found to be successful, especially in cornea,
cataract and external eye disease questions.® These
differences may be due to reasons such as the diffi-
culty levels of the questions, their understandability,
whether they contain photographs, and the number of
questions.

Recently, there has been a shift towards pub-
lishing separate studies for each discipline instead of
reviewing each specialism inside a single study.
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Holmes et al. assessed the performance of ChatGPT-
3.5, 4.0, and PaLM2 (a different Al language model
developed by Google, now assisting Bard) on a set of
100 inquiries related to pediatric ophthalmology.* In
this article, while ChatGPT-4.0 showed similar per-
formance to human participants as expected, other
LLMs showed lower performance. Sensoy and
Citirik utilized ChatGPT-3.5, Bing, and Bard to as-
sess the study questions part of the American
Academy of Ophthalmology’s 2022-2023 Basic and
Clinical Science Course on Ophthalmic Pathology
and Intraocular Tumor.?' In this study, correct re-
sponse rates were 58.6%, 63.9% and 69.4%, respec-
tively, but no statistically significant difference was
observed. Although it is a current study, ChatGPT-
4.0 has not been evaluated. Delsoz et al. evaluated
ChatGPT-3.5 and 4.0 on corneal diseases.?”” Chat-
GPT-4.0 has demonstrated improved accuracy in
generating suitable responses, showing great poten-
tial in this domain. There is likely to be a rise in the
quantity of research conducted on these specific sub-
jects in the near future. So, the success of Al pow-
ered LLMs in every field will be better understood.

Although Al powered LLMs have achieved im-
pressive outcomes and offer potential opportunities,
they also encounter some issues. There may be lack
of accuracy and consistency, hallucinations, false-
hood mimicry and biases in the answers given by Al
powered LLMs, and these issues can be problematic
since they may result in the dissemination of inaccu-
rate information, particularly if patients are granted
access to such responses.>?*?* Another issue is the
problem of accessing and interpreting current data
since some of these chatbots do not have up-to-date
access and some of them are in the development
phase.?® Data pollution and source access containing
incorrect information are also possible.?® In such
cases, responses may need to be moderated.”” For
such reasons, chatbots are not currently suitable for
clinical use.?®?° Further research is necessary to have
a deeper understanding of the benefits and drawbacks
of Al powered chatbots, as this area appears to be ex-
panding rapidly.*

The study is limited by the inability to make a
comparison between the exam results and those of
humans, the absence of questions featuring photos,
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and the non-uniform distribution of specialist groups.
This comparison is not feasible due to the inability to
obtain the average of past exam scores, which would
introduce bias if we were to attempt to solve the test
ourselves. The question distribution within the group
was not a variable that could be changed. Prompting
can increase the correct response rates of questions,
but it can also lead to misdirection when it is not used
correctly.?! In fact, which prompting is effective and
how it affects the results may interestingly be the sub-
ject of another study. Chatbots that can speak the
user’s native language fluently can better understand
queries and provide more precise information. There-
fore, a chatbot’s language ability can significantly af-
fect the accuracy of its responses. For the reasons
mentioned above, we found it appropriate to evaluate
LLMs in their natural state in our study.

I CONCLUSION

The most successful of the four Al powered LLMs
currently available for use in ophthalmic examina-
tions using the Turkish language is ChatGPT-4.0.
Bing, despite its lower rank, can be regarded a mod-
erately successful search engine. The ChatGPT-3.5
and the Bard skill did not reach adequate levels. In
the not-too-distant future, chatbots may be able to
make significant contributions to advancements in the
field of ophthalmological education. However, there
is a need for future improvements in terms of com-
petency and reliability.
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