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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 covercd
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 cmerges 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.
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OZET Amag: Yapay zeka alaninda, 6zellikle de biiyiik dil modellerindeki
[large language models (LLM)] son gelismeler, bunlarin tip egitiminde aras-
tirtlmasina yol agmustir. Bu galisma, ChatGPT-3.5, ChatGPT-4.0, Bing ve
Bard’1 degerlendirerek, LLM’lerin Tiirkge basasistan oftalmoloji sinavla-
rindaki yeterliligini arastirmaktadir. Calismanin amaci, 6 ana oftalmoloji
konusunu kapsayan 200 soruyu yanitlamadaki dogruluk oranlarini karsilag-
tirmak ve tip egitimindeki potansiyel uygulamalarina iligkin alanlar1 tartis-
maktir. Gere¢ ve Yontemler: Arastirmada kullanilmak tizere, 6nceki
yillarda Milli Egitim Bakanligi tarafindan uygulanan ve Tiirk¢e sorulan ba-
sasistanlik sinavi sorulari internet tizerinden elde edildi. Toplam 200 soru
Ekim 2023’te her bir LLM’ye ChatGPT-3.5, ChatGPT-4.0, Bing ve Bard
olmak tizere 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 6lgiitii, bu
6 ana baslik altinda gruplandirilan konularla birlikte dogru yanitlama orani-
dir. Yanitlarin dogrulugunu ve giivenilirligini degerlendirmek i¢in Pearson’in
ki-kare testi ile istatistiksel analizler yapilmistir. Bulgular: ChatGPT-4.0
%77,5 dogruluk orantyla en iyi performansi gosteren LLM olmustur ve onu
%063,0 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 Gstinliiglinii vurgulayarak g¢e-
sitli oftalmoloji konularindaki etkinligini ortaya koymaktadir. Sonug¢: Umut
verici sonuglara ragmen bu ¢alisma dogruluk konusundaki sorunlar1 goster-
mekte ve Ozellikle egitim ve klinik uygulamalar alaninda LLM’lerde siirekli
iyilestirmeler yapilmasi zorunlulugunun altin1 ¢izmektedir.

Anahtar Kelimeler: Yapay zeka; egitim ve dgretim;
genis dil modelleri; oftalmoloji
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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,
Bing by Microsoft, and Bard by Google. In the med-
ical field, these LLMs have a wide range of applica-
tions.

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 Oph-
thalmology Association. Candidates who pass the
International 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 exam-
ination format. As a consequence, it was not feasi-
ble to work with chatbots on our national board
exam. In previous years a multiple-choice question
style ophthalmology examination for the chief as-
sistant statue was held in our country. Conse-
quently, 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 un-
derstand and answer the Turkish language at the
present. To our knowledge this is the first study to

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.



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
achieved a statistically significant advantage
(p=0.042). Bing provided an approximate 60% cor-
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 glaucoma.

The mean correct response rates for the question
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 per-
formed above 60 percent on average for groups 1, 4
and 5. These groups encompass issues related to the
retina-vitreous, pediatric ophthalmology, genetics

and clinic refraction and adnexa, uvea-oculoplastic.
The most difficult group was the 3™ group with Glau-
coma questions except ChatGPT-4.0. Detailed re-
sults, 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
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

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

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

numbers  Accuracy p value Accuracy pvalue  Accuracy p value Accuracy p value Accuracy
Group 1 35 85.7% p=0.063 80.0% p<0.001 85.7% p=0.063 51.4% p=0.866 85.70%
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: Ad-
nexa, 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.
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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: Glaugoma, 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 LLM Chatbots p value
ChatGPT-3.5 vs. ChatGPT-4 p<0.001 ChatGPT-4 vs. Bing p=0.127
Bing p<0.001 Bard p<0.001
Bard p<0.001 ChatGPT-3.5 p<0.001
LLM Chatbots p value LLM Chatbots p value
Bing vs. Bard p=0.024 Bard vs. ChatGPT-3.5 p<0.001
ChatGPT-3.5 p<0.001 ChatGPT-4 p<0.001
ChatGPT-4 p=0.127 Bing p=0.024

LLM: Large language model.

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 accuracy
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 analyze
the European Board of Ophthalmology fellowship
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
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.!7 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.'8 Given the continuous updates
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.
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,
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.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family members
of the scientific and medical committee members or members of the
potential conflicts of interest, counseling, expertise, working con-

ditions, share holding and similar situations in any firm.

Authorship Contributions

Idea/Concept: Mehmet Canleblebici, Ali Dal, Murat Erdag; De-
sign: Mehmet Canleblebici, Ali Dal, Murat Erdag; Control/Su-
pervision: Mehmet Canleblebici, Murat Erdag; Data Collection
and/or Processing: Mehmet Canleblebici, Ali Dal; Analysis
and/or Interpretation: Mehmet Canleblebici, Ali Dal, Murat
Evdag; Literature Review: Mehmet Canleblebici, Ali Dal, Murat
Erdag; Writing the Article: Mehmet Canleblebici, Ali Dal; Crit-
ical Review: Mehmet Canleblebici, Murat Erdag; References and
Fundings: Mehmet Canleblebici; Materials: Mehmet Canle-
blebici.



I REFERENCES

Ting DSJ, Tan TF, Ting DSW. ChatGPT in ophthalmology: the dawn of a new
era? Eye (Lond). 2024;38(1):4-7. PMID: 37369764; PMCID: PMC10764795.

Honavar SG. Eye of the Al storm: exploring the impact of Al tools in ophthal-
mology. Indian J Ophthalmol. 2023;71(6):2328-40. PMID: 37322638; PMCID:
PMC10418018.

Panthier C, Gatinel D. Success of ChatGPT, an Al language model, in taking
the French language version of the European Board of Ophthalmology ex-
amination: a novel approach to medical knowledge assessment. J Fr Oph-
talmol. 2023;46(7):706-11. PMID: 37537126.

Cai LZ, Shaheen A, Jin A, Fukui R, Yi JS, Yannuzzi N, et al. Performance of
generative large language models on ophthalmology board-style questions.
Am J Ophthalmol. 2023;254:141-9. PMID: 37339728.

Tan TF, Thirunavukarasu AJ, Campbell JP, Keane PA, Pasquale LR, Abramoff
MD, et al. Generative artificial intelligence through ChatGPT and other large
language models in ophthalmology: clinical applications and challenges. Oph-
thalmol Sci. 2023;3(4):100394. PMID: 37885755; PMCID: PMC10598525.

Lim ZW, Pushpanathan K, Yew SME, Lai Y, Sun CH, Lam JSH, et al. Bench-
marking large language models' performances for myopia care: a compara-
tive analysis of ChatGPT-3.5, ChatGPT-4.0, and Google Bard. EBioMedicine.
2023;95:104770. PMID: 37625267; PMCID: PMC10470220.

Bernstein IA, Zhang YV, Govil D, Majid I, Chang RT, Sun Y, et al. Compari-
son of ophthalmologist and large language model chatbot responses to on-
line patient eye care questions. JAMA Netw Open. 2023;6(8):e2330320.
PMID: 37606922; PMCID: PMC10445188.

Raimondi R, Tzoumas N, Salisbury T, Di Simplicio S, Romano MR; North
East Trainee Research in Ophthalmology Network (NETRION). Comparative
analysis of large language models in the Royal College of Ophthalmologists
fellowship exams. Eye (Lond). 2023;37(17):3530-3. PMID: 37161074;
PMCID: PMC10686375.

Oftalmologlar [internet]. [Erisim tarihi: 17 Kasim 2023]. Nisan 2010 Dénemi
Basasistanlik Sinav Sorulari. Erisim linki:
http://oftalmologlar.blogspot.com/2010/04/nisan-2010-donemi-basasistanlik-
sinav.html

Tiirk Oftalmoloji Basasistanligi Sinavi 2015. Erigim tarihi: 17 Kasim 2023. Erisim
linki: https://www.memurlar.net/common/news/documents/497205/sinavsoru-
lari.rar.

. Antaki F, Touma S, Milad D, EIl-Khoury J, Duval R. Evaluating the performance

of chatgpt in ophthalmology: an analysis of its successes and shortcomings.
Ophthalmol ~ Sci.  2023;3(4):100324. PMID:  37334036; PMCID:
PMC10272508.

Fowler T, Pullen S, Birkett L. Performance of ChatGPT and Bard on the offi-
cial part 1 FRCOphth practice questions. Br J Ophthalmol. 2023:bjo-2023-
324091. PMID: 37932006.

Huang H, Zheng O, Wang D, Yin J, Wang Z, Ding S, et al. ChatGPT for shap-
ing the future of dentistry: the potential of multi-modal large language model.
International Journal of Oral Science. 2023;15:29. https://www.nature.com/ar-
ticles/s41368-023-00239-y

Giannakopoulos K, Kavadella A, Aagel Salim A, Stamatopoulos V, Kakla-
manos EG. Evaluation of the performance of generative Al large language
models ChatGPT, Google Bard, and Microsoft Bing Chat in Supporting Evi-
dence-Based Dentistry: Comparative Mixed Methods Study. J Med Internet
Res. 2023;25:¢51580. PMID: 38009003; PMCID: PMC10784979.

Motlagh NY, Khajavi M, Sharifi A, Ahmadi M. The impact of artificial intelli-
gence on the evolution of digital education: a comparative study of openAl text
generation tools including ChatGPT, Bing Chat, Bard, and Ernie. arXiv. 2023.
https://arxiv.org/abs/2309.02029

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lozié E, Stular B. ChatGPT v Bard v Bing v Claude 2 v Aria v human-expert.
How good are Al chatbots at scientific writing? arXiv. 2023.
https://arxiv.org/abs/2309.08636

Waisberg E, Ong J, Masalkhi M, Zaman N, Sarker P, Lee AG, et al. Google's
Al chatbot "Bard": a side-by-side comparison with ChatGPT and its utiliza-
tion in ophthalmology. Eye (Lond). 2024;38(4):642-5. PMID: 37770534;
PMCID: PMC10920702.

Vaishya R, Misra A, Vaish A. ChatGPT: is this version good for healthcare
and research? Diabetes Metab Syndr. 2023;17(4):102744. PMID:
36989584.

Jiao C, Edupuganti NR, Patel PA, Bui T, Sheth V. Evaluating the artificial in-
telligence performance growth in ophthalmic knowledge. Cureus.
2023;15(9):e45700. PMID: 37868408; PMCID: PMC10590143.

Holmes J, Peng R, Li'Y, Hu J, Liu Z, Wu Z, et al. Evaluating multiple large lan-
guage models in pediatric  ophthalmology.  arXiv.  2023.
https://arxiv.org/abs/2311.04933

Sensoy E, Citirik M. A comparative study on the knowledge levels of artificial
intelligence programs in diagnosing ophthalmic pathologies and intraocular tu-
mors evaluated their superiority and potential utility. Int Ophthalmol.
2023;43(12):4905-9. PMID: 37880412.

Delsoz M, Madadi Y, Munir WM, Tamm B, Mehravaran S, Soleimani M, et al.
Performance of ChatGPT in diagnosis of corneal eye diseases. medRxiv
[Preprint]. 2023:2023.08.25.23294635. Update in: Cornea. 2024;43(5):664-
70. PMID: 37720035; PMCID: PMC10500623.

Azamfirei R, Kudchadkar SR, Fackler J. Large language models and the per-
ils of their hallucinations. Crit Care. 2023;27(1):120. PMID: 36945051;
PMCID: PMC10032023.

Ashraf H, Ashfag H. The role of chatgpt in medical research: progress and lim-
itations. Ann Biomed Eng. 2024;52(3):458-61. PMID: 37452215.

Hadi MU, Qureshi R, Shah A, Irfan M, Zafar A, Shaikh M, et al. A survey on
large language models: applications, challenges, limitations, and practical
usage. TechRxiv. 2023. https://techrxiv.figshare.com/articles/preprint/A_Sur-
vey_on_Large_Language_Models_Applications_Challenges_Limitations_and
_Practical_Usage/23589741/1

Waters MR, Aneja S, Hong JC. Unlocking the power of ChatGPT, artificial in-
telligence, and large language models: practical suggestions for radiation on-
cologists. Pract Radiat Oncol. 2023;13(6):e484-e90. PMID: 37598727.

Bang J, Lee B-T, Park P. Examination of Ethical Principles for LLM-Based
Recommendations in Conversational Al. 2023 International Conference on
Platform Technology and Service (PlatCon): IEEE. 2023:109-13.
doi:10.1109/PlatCon60102.2023.10255221

Au Yeung J, Kraljevic Z, Luintel A, Balston A, Idowu E, Dobson RJ, et al. Al
chatbots not yet ready for clinical use. Front Digit Health. 2023;5:1161098.
PMID: 37122812; PMCID: PMC10130576.

Korot E, Wagner SK, Faes L, Liu X, Huemer J, Ferraz D, et al. Will Al replace
ophthalmologists? Transl Vis Sci Technol. 2020;9(2):2. Erratum in: Transl Vis
Sci Technol. 2021;10(8):6. PMID: 32518707; PMCID: PMC7255629.

Ghadiri N. Comment on: 'Comparison of GPT-3.5, GPT-4, and human user
performance on a practice ophthalmology written examination’ and 'ChatGPT
in ophthalmology: the dawn of a new era?'. Eye (Lond). 2024;38(4):654-5.
PMID: 37770530; PMCID: PMC10920659.

Kleinig O, Gao C, Kovoor JG, Gupta AK, Bacchi S, Chan WO. How to use
large language models in ophthalmology: from prompt engineering to pro-
tecting confidentiality. Eye (Lond). 2024;38(4):649-53. PMID: 37798360;
PMCID: PMC10920651.



