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Abstract
Background  Artificial intelligence-powered chatbots, whose use is becoming increasingly widespread, are 
frequently used in medicine and dentistry for tasks such as generating academic texts, student education, clinical 
diagnosis, and patient information. Given their inherent limitations, the accuracy of chatbot responses in the 
healthcare field is a crucial issue. Evaluating the performance of artificial intelligence in national examinations can 
provide objective data regarding its use as an educational support tool. This study aims to comparatively evaluate the 
performance of various artificial intelligence chatbots on questions from the pediatric dentistry section of the DUS 
(Dental Specialization Exam).

Methods  A total of 127 questions asked in the DUS in the field of pediatric dentistry between 2012 and 2021 
were included in the study. The questions were divided into nine subject-area categories, two exam years, and two 
question types: clinical case-based and theoretical knowledge-based. The ChatGPT-5, ChatGPT-4o, Gemini 2.5 Pro, 
Gemini 2.5 Flash, Claude Opus 4, and Claude Sonnet 4 models were evaluated in the study. Descriptive data are 
presented as numbers and percentages. Statistical analyses were performed using Cochran’s Q test (p < 0.05); pairwise 
comparisons were made using the McNemar test and Bonferroni correction.

Results  Gemini 2.5 Pro answered 93.7% of the questions correctly; ChatGPT-5 and Claude Opus 4 answered 88.9%, 
ChatGPT 4 and Gemini 2.5 Flash answered 87.4%, and Claude Sonnet 4 answered 83.4%. Gemini 2.5 Pro’s performance 
in correctly answering questions was significantly higher than that of Claude Sonnet 4 (p = 0.001). No statistically 
significant differences were found in the chatbots’ correct-answer performance when comparing by subject, year, and 
question type (clinical case and theoretical knowledge) (p > 0.05).

Conclusions  This study demonstrates that chatbots perform well at answering exam questions in pediatric dentistry 
and may serve aspromising supplementary educational tool.
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​​Introductıon
Artificial intelligence (AI) based chatbots are powered 
by Large Language Models, trained on large datasets to 
perform complex language understanding and genera-
tion tasks [1]. Large Language Models, which use deep 
learning algorithms, learn language structure from large 
amounts of text such as books, articles, and websites, and 
produce human-like responses [2]. The use of Large Lan-
guage Models, which have developed rapidly in recent 
years, is becoming increasingly widespread in health, 
education, and scientific communication [2]. The first 
generative Pre-Trained Transformer model based on the 
Large Language Model technology, released by OpenAI 
in 2018 (ChatGPT, OpenAI, LLC, San Francisco, CA, 
USA), marked a significant milestone in artificial intel-
ligence [3]. ChatGPT, a large language model that uses 
artificial intelligence and machine learning to converse 
with users, provides meaningful, contextually relevant 
responses to natural-language inputs based on a com-
prehensive knowledge base [3]. Another AI application 
offered as an alternative to ChatGPT is Gemini, an AI-
based chatbot that answers user questions, participates 
in conversations, and generates creative content (Google, 
Mountain View, CA). Gemini provides advanced capa-
bilities in text-based interactions, offering users quick 
and effective solutions to their requests [4]. Claude 
(Anthropic, California, USA) is another popular chatbot 
that can provide human-like responses [4].

The performance of AI chatbots can be affected by 
many factors, including the frequency of model updates, 
the complexity of questions, and the intelligibility of 
commands [5, 6]. AI-powered chatbots are frequently 
used in medicine and dentistry for tasks such as gener-
ating academic texts, student training, clinical diagnosis, 
and patient information [7, 8]. However, given the gen-
eral limitations of AI’s response generation, the accuracy 
of chatbot responses in healthcare is a critical issue [9]. 
Evaluating the performance of artificial intelligence in 
national medical and dental exams can provide objec-
tive data on its use as an educational support tool [10]. 
For this purpose, many studies have been conducted to 
measure the performance of various chatbots in differ-
ent medical and dental exams [11–13]. These studies 
have reported that models like ChatGPT-4 achieve high 
accuracy on the United States Medical Licensing Exam 
and surpass previous best performances [11]. Similarly, 
in dentistry, chatbots have demonstrated significant 
proficiency in answering questions from the Integrated 
National Board of Dentistry Exam, with models such as 
ChatGPT-4 achieving remarkable accuracy [12]. These 
findings suggest that chatbots can serve as valuable 
resources for medical and dental students, providing 
explanations, test simulations, and personalized learn-
ing pathways. However, while their performance on 

standardized tests is impressive, integrating these models 
into real-world educational settings requires careful con-
sideration to ensure they complement traditional teach-
ing methods and fill gaps in education.

Recently, the demand for specialist training in den-
tistry, as in medicine, has been steadily increasing. In 
Türkiye, the Dental Specialization Exam (DUS) is a man-
datory national examination for dentists seeking admis-
sion to specialist training programs. Organized by the 
Student Selection and Placement Center (ÖSYM), the 
exam consists of multiple-choice questions that measure 
candidates’ basic dental knowledge and clinical compe-
tencies. Multiple-choice questions are the most com-
monly used objective method for measuring student 
learning because they allow assessment of a wide range of 
topics [13]. AI-powered chatbots are known to be highly 
effective at answering multiple-choice questions [14].

Dental studies have frequently focused on ChatGPT, 
whereas research on other large language models, such as 
Gemini and Claude, remains limited [15–18]. This study 
aims to evaluate the performance of three AI chatbots 
(ChatGPT-5, ChatGPT 4, Gemini 2.5 Pro, Gemini 2.5 
Flash, Claude Opus 4, and Claude Sonnet 4), available 
in both paid and free versions, on questions asked in the 
pediatric dentistry section of the DUS, and to examine 
them comparatively based on subject matter, year, and 
question category.

Methods
Ethical approval
Since the study did not involve human or animal subjects, 
ethical committee approval is not required.

Study design
The dataset consists of pediatric dentistry questions 
from the DUS exams (13 exams) between 2012 and 2021, 
obtained from an open-source question bank ​(​​​h​t​​t​p​s​​:​/​/​
w​​w​w​​.​o​s​y​m​.​g​o​v​.​t​r​/​T​R​,​1​5​0​7​0​/​d​u​s​-​c​i​k​m​i​s​s​o​r​u​l​a​r​.​h​t​m​l​​​​​)​. 
Because ÖSYM ceased publishing questions from 2022 
onwards, questions from exams after that year, as well 
as 3 questions canceled by ÖSYM, were excluded from 
the study. The analysis was conducted on 127 questions. 
Three of these questions contained images (Question 71 
from the 2019 exam; question 72 from the 2019 exam; 
question 79 from the 2018 exam). All questions included 
in the study had five options and only one correct answer. 
The questions were categorized into nine subject-mat-
ter categories (Table  2), two exam years (Table  3), and 
two question types: clinical case-based and theoretical 
knowledge-based (Table 4).

The study evaluated ChatGPT-5 and ChatGPT-4o 
(OpenAI, San Francisco, CA, USA), Gemini 2.5 Pro and 
Gemini 2.5 Flash (Google DeepMind, Mountain View, 
CA, USA), and Claude Opus 4 and Claude Sonnet 4 

https://www.osym.gov.tr/TR,15070/dus-cikmissorular.html
https://www.osym.gov.tr/TR,15070/dus-cikmissorular.html
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(Anthropic, San Francisco, CA, USA). All evaluations 
were performed in October 2025 using the official web 
interfaces of the respective providers. At the time of eval-
uation, ChatGPT-5, Gemini 2.5 Pro, and Claude Opus 
4 were accessible through paid subscriptions, whereas 
ChatGPT-4o, Gemini 2.5 Flash, and Claude Sonnet 4 
were available free of charge. The evaluated AI chat-
bots (OpenAI ChatGPT, Google Gemini, and Anthropic 
Claude) were selected because they were among the most 
widely used and publicly accessible proprietary large lan-
guage models at the time of the study [19]. Developed 
by leading AI companies, these models have been exten-
sively investigated in the medical and dental literature for 
applications including clinical reasoning, medical edu-
cation, and healthcare-related question answering [16, 
18, 20–22]. They were also chosen because they can be 
accessed directly through standard web interfaces with-
out requiring specialized technical expertise or dedicated 
computing infrastructure, making them readily available 
to dental students, educators, and clinicians in routine 
educational and clinical practice. Open-source models 
were not included because they generally require addi-
tional technical setup for deployment. Other commercial 
AI assistants were excluded because they typically inte-
grate multiple underlying language models rather than 
representing independent proprietary foundation mod-
els. Restricting the comparison to ChatGPT, Gemini, and 
Claude therefore enabled a direct comparison of three 
widely accessible, representative proprietary foundation 
models.

A total of 127 multiple-choice questions were posed 
to all chatbots by a single researcher on October 4, 2025. 
New user accounts were created for each chatbot. A sep-
arate new chat session was initiated for each question to 
prevent responses from being influenced by the previous 
conversation. All DUS questions were manually entered 
into each AI chatbot in their original Turkish language 
exactly as published by ÖSYM. No role assignment (e.g., 
“You are an expert in pediatric dentistry”) or additional 
contextual instructions were provided. Each question was 

entered into a new conversation together with the stan-
dardized instruction (translated here for clarity), “Read 
the following question and select only the correct option.” 
No follow-up prompts or clarifications were used. For 
multimodal questions containing clinical photographs or 
radiographs, the respective image was uploaded directly 
alongside the text prompt without any additional accom-
panying descriptions, explanations, or contextual hints. 
The standardized prompt template is provided in Supple-
mentary File 1.

Statistical analysis
Statistical analyses were performed using IBM SPSS 23 
(IBM SPSS, Chicago, IL, USA). Descriptive statistics of 
the data were presented as numbers and percentages. 
Cochran’s Q test was used to compare the performance 
of chatbots in answering questions correctly. If a signifi-
cant difference was found, pairwise comparisons were 
performed using the McNemar test with a Bonferroni 
correction. The significance level was accepted as p < 0.05.

A post-hoc power analysis was performed for the 
Cochran’s Q tests. Because the six AI models answered 
the same questions, the data were treated as paired binary 
observations. Using five degrees of freedom, a two-sided 
Type I error level of 0.05, the observed Cochran’s Q sta-
tistics, and the corresponding noncentral chi-square dis-
tributions, achieved power (1 − β) was calculated. The 
achieved power was found 99% for all questions (n = 127). 
In the subgroups, 86.9% for the clinical case questions 
(n = 21) and 81.5% for the questions from the 2016–2021 
period (n = 59). Both subgroups values exceeded the con-
ventionally accepted 80% threshold, indicating that the 
available numbers of questions were sufficient to detect 
the observed overall performance differences among the 
six models in these subgroups. Additionally, an empiri-
cal later power estimate could not be obtained for the 
local anesthesia subgroup in which all questions were 
answered correctly by all six models, as no response vari-
ability or mismatched pairs were found.

Results
Chatbots were asked 127 multiple-choice questions about 
pediatric dentistry. The distribution and comparison of 
the answers given by the chatbots to the pediatric den-
tistry questions asked in the DUS are shown in Table 1. 
Accordingly, Gemini 2.5 Pro answered 93.7% of the ques-
tions correctly; ChatGPT-5 and Claude Opus 4 answered 
88.9%, ChatGPT 4 and Gemini 2.5 Flash answered 87.4%, 
and Claude Sonnet 4 answered 83.4% correctly. A statisti-
cally significant difference was observed in the chatbots’ 
performance on correctly answering the 127 pediatric 
dentistry questions (p = 0.012). In pairwise comparisons 
to determine which groups differed significantly, it was 
found that the significant difference originated between 

Table 1  Distribution and comparison of the answers given by 
chatbots to the Pediatric Dentistry questions asked in the DUS 
exam
Model Correct Incorrect Percentage p value
ChatGPT-5 113 14 88.9ab p = 0.012*
ChatGPT-4o 111 16 87.4ab

Gemini 2.5 Pro 119 8 93.7a

Gemini 2.5 Flash 111 16 87.4ab

Claude Opus 4 113 14 88.9ab

Claude Sonnet 4 106 21 83.4b

Cochran’s Q test. * There is a statistically significant difference. (p < 0.05). 
McNemar test was used for pairwise comparisons. (adjusted Bonferroni 
p < 0.0033). Different superscript letters indicate statistically significant 
differences between groups
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of “Endodontic treatments in primary and young perma-
nent teeth”. Furthermore, all chatbots correctly answered 
the questions in the “Local anesthesia and drug use in 
pediatric dentistry” category. No statistically significant 
difference was found in the chatbots’ correct-answer per-
formance across any subject matter (p > 0.05) (Table 2).

The questions asked of the chatbots were divided into 
two categories by year. While there was no statistically 
significant difference in the performance of chatbots in 
the exams conducted in 2015 and earlier, a difference was 
detected in the performance of chatbots in the exams 
conducted in 2016 and later (p = 0.021); however, pair-
wise comparisons revealed that the difference was not 
statistically significant (adjusted Bonferroni p < 0.0033) 
(Table 3).

The questions asked of the chatbots were divided into 
two categories: clinical case questions and theoretical 

Claude Sonnet 4 and Gemini 2.5 Pro (p = 0.001; adjusted 
Bonferroni p < 0.0033). Accordingly, it was determined 
that Gemini 2.5 Pro’s performance in correctly answer-
ing questions was significantly higher than Claude Son-
net 4’s.

The 127 questions asked of the chatbots were grouped 
into 9 subject-matter categories. Gemini 2.5 Pro cor-
rectly answered all questions in the categories of “End-
odontic treatments in primary and young permanent 
teeth”, “Traumatic dental injuries in primary and per-
manent teeth”, and “Restorative materials and pit and 
fissure sealants used in children”; ChatGPT-5, ChatGPT-
4o, and Claude Sonnet 4 correctly answered all ques-
tions in the category of “Psychological approach to child 
patients, behavioral guidance techniques, sedation, and 
general anesthesia”; and Gemini 2.5 Flash and Claude 
Opus 4 correctly answered all questions in the category 

Table 2  Analysis of the performance of chatbots in correctly answering Pediatric Dentistry questions asked in the DUS exam, 
categorized by subject

ChatGPT-5 ChatGPT-4o Gemini 2.5 
Pro

Gemini 2.5 
Flash

Claude Opus 4 Claude Son-
net 4

p 
value

Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total
Endodontic treatments in primary 
and young permanent teeth

10/11 9/11 11/11 11/11 11/11 10/11 0.283

The embryology of primary and 
permanent teeth, the morphologi-
cal and histological characteristics 
of primary teeth, the developmen-
tal anomalies of teeth, and the 
eruption of primary and perma-
nent teeth

18/19 17/19 18/19 16/19 15/19 15/19 0.224

Psychological approach to the 
pediatric patient, behavioral guid-
ance techniques, sedation, and 
general anesthesia.

12/12 12/12 11/12 11/12 11/12 12/12 0.416

Childhood diseases, oral mani-
festations of systemic diseases in 
children, oral lesions, developmen-
tal anomalies, and periodontal 
diseases in children.

24/26 23/26 24/26 23/26 24/26 22/26 0.352

Traumatic dental injuries in primary 
and permanent teeth

14/15 13/15 15/15 13/15 13/15 12/15 0.487

Restorative materials used in children 
and pit and fissure sealants

12/14 12/14 14/14 13/14 13/14 13/14 0.416

Examination and treatment plan-
ning in pediatric dentistry, occlusal 
relationships in children, occlusal 
guidance, and space maintainers

9/12 10/12 10/12 9/12 9/12 7/12 0.480

Local anesthesia and drug use in 
pediatric dentistry.

7/7 7/7 7/7 7/7 7/7 7/7 -

Etiology, spread, classification, and 
diagnosis of caries in primary den-
tition, methods for determining 
caries risk and caries activity, and 
fluoride in caries prophylaxis

7/11 8/11 9/11 8/11 10/11 7/11 0.286

Cochran’s Q test

Statistical significance was set at p< 0.05
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questions. While there was no statistically significant dif-
ference in the chatbots’ correct-answering performance 
on the theoretical questions (p > 0.050), a statistically sig-
nificant difference was found in their correct-answering 
performance on the clinical case questions (p = 0.010). 
Although ChatGPT-5, Gemini 2.5 Pro, and Claude Opus 
4 answered more questions correctly, no statistically sig-
nificant difference was found in pairwise comparisons 
(adjusted Bonferroni p > 0.0033) (Table 4).

Dıscussıon
Technological advancements and human feedback 
continually update AI-based chatbots and are widely 
used across fields, including healthcare [23]. However, 
the accuracy of responses produced by these robots 
is increasingly being examined in scientific research. 
Although the primary goal in designing these robots is 
not to answer questions in medicine and dentistry [2], 
studies have shown they perform well in these areas 
[5, 24]. In addition, many studies examine the perfor-
mance of chatbots on national centralized examinations 
in medicine and dentistry [25–27]. To our knowledge, 
studies examining the performance of chatbots in pedi-
atric dentistry on the Turkish Dental Specialization Exam 
are scarce in the literature. Moreover, as technology 
advances, comprehensive evaluations of different mod-
els and new versions are needed. Therefore, in this study, 
the performance of ChatGPT-5, ChatGPT-4o, Gemini 
2.5 Pro, Gemini 2.5 Flash, Claude Opus 4, and Claude 
Sonnet 4 AI chatbots in answering questions in pediat-
ric dentistry on the Turkish Dental Specialization Exam 
was comparatively evaluated. According to the results 
of this study, Gemini 2.5 Pro showed the highest per-
formance, followed by ChatGPT-5 and Claude Opus 4. 
In contrast, ChatGPT-4o and Gemini 2.5 Flash showed 

lower performance, and Claude Sonnet 4 had the low-
est accuracy. A significant difference was found between 
Gemini 2.5 Pro and Claude Sonnet 4, but the difference 
between the other chatbots was not significant. All chat-
bots achieved an accuracy level above 80%. The findings 
show that AI chatbots perform well at answering exam 
questions in pediatric dentistry.

Numerous studies have examined the DUS perfor-
mance of AI chatbots, either in general or within a 
specific area of expertise. One study showed that Chat-
GPT-4o and Gemini Advanced achieved over 80% overall 
accuracy on all questions asked between 2012 and 2021 
[28]. In the DUS questions in the field of endodontics, 
ChatGPT-4o, Gemini Advanced, and Claude achieved 
more than 80% accuracy [17]; in the field of prosthetic 
dentistry, ChatGPT 4 reached 75.8%, ChatGPT 3.5 
74.21%, Claude AI 62.5%, Gemini Advanced 54.68%, and 
Gemini AI 46.1% accuracy [29]. However, a study using 
earlier versions of chatbots that reported lower accuracy 
(54.3%) is also reported in the literature [30]. In the cur-
rent study, Gemini 2.5 Pro answered 93.7% of the ques-
tions correctly; ChatGPT-5 and Claude Opus 4 answered 
88.9%, ChatGPT-4o and Gemini 2.5 Flash answered 
87.4%, and Claude Sonnet answered 83.4%. It is believed 
that high accuracy was achieved in this study due to the 
use of the most up-to-date chatbot versions. When the 
results obtained are evaluated alongside the literature, it 
is evident that different artificial intelligence applications 
exhibit varying levels of success depending on the field 
of expertise. These differences between fields may stem 
from the heterogeneity of dental specialties or from the 
degree of representation of specialty-specific terminol-
ogy and concepts in the robots’ training datasets [31]. 
Accordingly, the findings suggest that a single artificial 

Table 3  Comparison of the responses of chatbots to the Pediatric Dentistry questions asked in the DUS exam, by year
ChatGPT-5 ChatGPT-4o Gemini 2.5 Pro Gemini 2.5 Flash Claude Opus 4 Claude Sonnet 4
Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total

2012–2015 60/68 61/68 64/68 60/68 59/68 55/68

p value 0.300

2016–2021 53/59 50/59 55/59 52/59 54/59 50/59

p value 0.021*
Cochran’s Q test, * Although group comparisons using the Cochran’s Q test was significant (p < 0.05), no significant differences were detected in pairwise comparisons 
(adjusted Bonferroni p > 0.0033)

Table 4  Comparison of the answers given by chatbots to clinical case and theory-based questions
ChatGPT-5 ChatGPT-4o Gemini 2.5 Pro Gemini 2.5 Flash Claude Opus 4 Claude Sonnet 4
Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total Correct/Total

Clinical case questions 20/21 19/21 20/21 16/21 20/21 16/21

p value 0.010*
Theoretical knowledge questions 93/106 92/106 99/106 95/106 93/106 89/106

p value 0.083
Cochran’s Q test, * Although group comparisons using the Cochran’s Q test was significant (p < 0.05), no significant differences were detected in pairwise comparisons 
(adjusted Bonferroni p > 0.0033)
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intelligence program may not be equally effective across 
all specialties.

The literature contains studies reporting that chatbots 
can outperform one another in answering DUS ques-
tions [15, 28, 29] or exhibit similar performance [17, 32, 
33]. ChatGPT 01 showed significantly higher accuracy 
than Gemini 1.5, Gemini 2, ChatGPT-4o, and Chat-
GPT 4 in answering DUS questions in the field of oral 
pathology [15]; while in the field of anatomy, ChatGPT-
4o has higher accuracy than Gemini and Claude [34]. 
There are also studies reporting no significant difference 
between ChatGPT-4o, Gemini Advanced, and Claude 
in answering DUS questions in the field of endodontics 
[17]; between ChatGPT-5 and Gemini Pro in the field of 
oral, dental, and maxillofacial surgery [32], and between 
ChatGPT-4o Plus and Gemini in the field of pediat-
ric dentistry [33]. Sismanoglu and Capan reported that 
ChatGPT 4.0 and Gemini Advanced showed similar per-
formance in answering pediatric dentistry questions in 
the DUS exam in 2020 and 2021. Still, Gemini Advanced 
performed better when comparing performance across 
all questions [35]. In their study, Dündar Sarı and Sezer 
reported that Gemini Advanced showed higher accu-
racy than ChatGPT-4o in pediatric dentistry DUS ques-
tions. Still, ChatGPT-4o showed superior performance 
in prosthetic dentistry and maxillofacial radiology, and 
they found discipline-specific differences in the chatbots’ 
performance [28]. In the present study, Gemini 2.5 Pro 
showed significantly higher accuracy than Claude Sonnet 
4 on DUS questions in pediatric dentistry, but there were 
no significant differences among the other chatbots. The 
fact that chatbots excel in different areas of expertise can 
be explained by the methods they use to access, struc-
ture, and reason about information, which provide differ-
ent advantages depending on the area of expertise.

The performance of chatbots on specific subjects 
within pediatric dentistry has been investigated in several 
studies. In the Korean National Dental Board Examina-
tion, ChatGPT 3.5 achieved the highest accuracy on the 
subjects of “pulp treatments” and “trauma” among pedi-
atric dentistry questions. In contrast, Gemini showed 
higher performance on the subjects “tooth development 
and morphology” and “occlusion/orthodontics” than 
on other subjects [25]. Sezer and Okutan reported that 
ChatGPT 4 achieved the highest performance on cur-
riculum questions in pediatric dentistry on the topic of 
“fissure sealants.” At the same time, it showed the lowest 
performance on “fluoride” and “pulp treatments” [36]. 
In Meriç’s study, ChatGPT-4o Plus achieved the highest 
accuracy on DUS questions in pediatric dentistry, specifi-
cally the topics “histological and morphological charac-
teristics of dental tissues” and “behavioral guidance.” In 
contrast, Gemini showed the highest accuracy for the 
subjects “histological and morphological characteristics 

of dental tissues” and “drug use in pedodontics”. Chat-
GPT-4o Plus was least successful on the subject of “fluo-
rides,” while Gemini was least successful on the subject 
of “local anesthesia” [33]. No significant difference was 
found in the performance of ChatGPT-4o Plus and Gem-
ini across subjects [33]. In the present study, Gemini 
2.5 Pro correctly answered all questions in the areas of 
“Endodontic treatments in primary and young perma-
nent teeth”, “Traumatic dental injuries in primary and 
permanent teeth”, and “Restorative materials and pit and 
fissure sealants used in children”; ChatGPT-5, ChatGPT-
4o, and Claude Sonnet 4 correctly answered all ques-
tions in the area of “Psychological approach to the child 
patient, behavioral guidance techniques, sedation, and 
general anesthesia”; and Gemini 2.5 Flash and Claude 
Opus 4 correctly answered all questions in the area of 
“Endodontic treatments in primary and young perma-
nent teeth”. Furthermore, all chatbots correctly answered 
the questions in the area of “Local anesthesia and drug 
use in pediatric dentistry”. However, no significant differ-
ence was found in the accuracy performance of the chat-
bots across different subjects in this study. This result can 
be explained by the fact that the overall success rates of 
the chatbots were high and similar. The models having 
similarly large knowledge bases and the questions mostly 
being based on standard guide information may have 
contributed to the lack of significant differences across 
subjects.

A study comparing the DUS performance of chatbots 
year by year found no significant difference between 
ChatGPT-4o and Gemini Advanced in answering all DUS 
questions [28]. In the field of oral, dental, and maxillofa-
cial radiology, only in the 2013 DUS questions was Gem-
ini reported to exhibit significantly lower accuracy than 
ChatGPT-4o and ChatGPT-4o mini [37]. Icen and Temur 
found that ChatGPT-5.2 performed significantly bet-
ter than ChatGPT 4.0 in both the early (2012–2018) and 
late (2019–2025) periods of the DUS exam in oral, max-
illofacial, and facial radiology [38]. In the present study, 
the performance of chatbots was found to be similar in 
exams from 2015 and earlier; although a performance 
difference was observed between the robots in exams 
from 2016 onwards, pairwise comparisons determined 
that the difference was not statistically significant. The 
general similarity in difficulty level and question struc-
ture of the exams administered in different years may 
have limited the emergence of a significant difference in 
the robots’ performance. In addition, exams conducted 
from 2022 onwards could not be included in the study 
due to the fact that the questions were not published by 
OSYM. Therefore, the content characteristics of more 
recent exams and the performance of new generation 
chatbots in these exams could not be evaluated within 
the scope of this study.
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Previous studies have indicated that case-based ques-
tions, which require higher-level cognitive skills, contex-
tual understanding, and clinical judgment compared to 
theoretical knowledge questions, pose greater challenges 
for AI-powered chatbots [29, 39]. In DUS questions mea-
suring theoretical knowledge in oral pathology, ChatGPT 
o1 performed better than Gemini 1.5, Gemini 2, Claude, 
ChatGPT-4o, and ChatGPT 4; while in case questions, 
ChatGPT o1 and Claude performed better than Chat-
GPT 4. Therefore, it is emphasized that these models 
may possess more advanced skills in interpreting clini-
cal scenarios and reasoning [15]. In the field of prosthetic 
dentistry, ChatGPT 4 achieved high performance on 
theoretical knowledge questions in the DUS exam. At the 
same time, Gemini AI performed poorly on theoretical 
knowledge questions, and both Gemini AI and Gemini 
Advanced performed poorly on case questions [29]. In a 
study examining the performance of chatbots (ChatGPT 
3.5, ChatGPT-4o Free, ChatGPT-4o Plus, Claude Son-
net, Gemini 1.5, Gemini Advanced) in the field of restor-
ative dentistry on the DUS, Gemini Advanced achieved 
the highest accuracy in theoretical knowledge questions. 
In contrast, ChatGPT-4o Plus, Gemini 1.5, and Gemini 
Advanced achieved excellent accuracy on case-based 
questions, demonstrating a superior ability to handle 
complex clinical scenarios and case analyses [40]. In the 
present study, the chatbots showed similar performance 
in correctly answering theoretical questions. However, in 
clinical case questions, although ChatGPT 5, Gemini 2.5 
Pro, and Claude Opus 4 achieved higher correct answers, 
the difference was not statistically significant. The fact 
that the paid versions had higher correct answers in clini-
cal case questions but the difference was not statistically 
significant may be related to the fact that all current ver-
sions of chatbots generally show similar and high success 
rates. The fact that no significant differences were found 
between models in questions based on theoretical knowl-
edge indicates, as also stated by Kung et al., that com-
prehensive and database-driven training processes for 
chatbots can provide a significant advantage in answering 
questions based on theoretical knowledge [41].

When the results of the current study are evaluated 
alongside the literature, the success of chatbots in solv-
ing exam questions in medicine and dentistry [5, 21] 
demonstrates the potential of artificial intelligence for 
integration into educational processes in these fields 
[41]. Chatbots can improve case-based learning in dental 
education by creating medical notes, compiling patient 
information, and supporting diagnosis and treatment 
planning [42]. These capabilities create a hands-on learn-
ing environment by presenting students with virtual case 
simulations and a range of clinical scenarios. Thus, they 
can be considered an important tool in preparing stu-
dents for real clinical challenges. However, it is important 

to note that the answers generated by these chatbots 
can change depending on the question asked and previ-
ous conversations [43]. This phenomenon, described as 
a kind of “hallucination phenomenon,” has led to discus-
sions about how chatbots can give persuasive, repetitive, 
but incorrect answers [25]. This raises concerns about the 
risk of artificial intelligence providing incorrect medi-
cal advice in healthcare. Therefore, AI systems should 
be used as supplementary tools in education and clinical 
practice, rather than as primary methods.

The sample size of 127 questions yielded a post-hoc 
power of 99%, sufficient for primary analysis. Although 
the clinical case subgroup included only 21 questions, 
the post-hoc power of the omnibus Cochran’s Q test was 
86.9%, exceeding the conventional 80% threshold. Simi-
larly, the analysis of questions from the 2016–2021 period 
achieved a power of 81.5%. Thus, the available sample 
sizes were adequate to detect the observed overall differ-
ences among the six AI models in these two subgroups. 
However, a limitation of this study is that the six-model 
design required 15 pairwise McNemar comparisons, and 
the Bonferroni adjustment reduced the pairwise signifi-
cance threshold to α = 0.0033. Consequently, the statisti-
cal power of the pairwise comparisons was lower than 
that of the omnibus tests, and the absence of significant 
pairwise findings should not be interpreted as evidence 
of equivalent performance. The local anaesthesia cat-
egory comprised only seven questions, and all six mod-
els answered all seven questions correctly. Because no 
response variability or discordant pairs were present, an 
empirical post-hoc power estimate could not be obtained 
for this category; these findings should therefore be inter-
preted descriptively and with caution. Another limitation 
of this study is that only publicly available DUS ques-
tions from 2012 to 2021 could be included because more 
recent examinations are not accessible. Therefore, the 
findings may not fully reflect the performance of current 
chatbot models on contemporary examination content. 
Furthermore, since these questions have been publicly 
available for several years, the high accuracy observed in 
this study should be interpreted with caution due to the 
possibility of data leakage. Since only Turkish DUS ques-
tions aligned with the Turkish dental curriculum were 
used in this study, the findings may vary across differ-
ent education systems and languages. Finally, this study 
evaluated artificial intelligence models accessible as of 
October 2025. Given the constantly evolving nature of 
artificial intelligence systems, long-term, iterative evalua-
tion studies are needed to monitor performance changes 
over time.

Despite these limitations, this study’s comparative 
examination of multiple chatbots’ performance in pedi-
atric dentistry contributes to a comprehensive under-
standing of the relative success rates of current artificial 
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intelligence systems. Furthermore, the inclusion of both 
paid and free versions of the chatbots enabled com-
parisons between models and the evaluation of the aca-
demic performance of versions at different access levels. 
A significant strength of the DUS questions used in the 
study is their multiple-choice and structured assessment 
format, as well as their preparation based on standard 
curricula and current guidelines. Although the dataset 
consisted primarily of text-based multiple-choice ques-
tions, it also included a limited number of image-based 
questions. While these questions represented only a 
small proportion of the dataset, their inclusion helped 
the evaluation more faithfully reflect the original exami-
nation content. Analyzing the questions by year, subject 
matter, and clinical case- and theoretical knowledge-
based categories enabled a detailed evaluation of the 
chatbots’ performance across different content areas 
and cognitive levels. In these respects, the study makes 
a unique and multifaceted contribution to both the pedi-
atric dentistry literature and the potential applications of 
artificial intelligence in dental education.

Conclusions
In conclusion, this study demonstrates that chatbots can 
answer pediatric dentistry questions with high accuracy 
and serve as an effective educational tool in this field. 
However, these systems should not be considered an 
absolute source of information; their responses should be 
critically evaluated and used under human supervision. 
While they may help provide quick access to informa-
tion and summarize guidelines in clinical practice, they 
should be viewed as complementary tools that support 
clinical judgment and evidence-based decision-making, 
rather than replacing them.
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