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YURDABAKAN? Objective: This study aimed to compare the performance of chat generative pretrained trans-
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former (ChatGPT) (GPT-3.5) and Bard, 2 large language models (LLMs), through multiple-choice
dental specialty entrance examination (DUS) questions.

Methods: Dental specialty entrance examination questions related to prosthodontics and
oral and dentomaxillofacial radiology up to 2021, excluding visually integrated questions, were
prompted into LLMs. Then the LLMs were asked to choose the correct response and specify
Bloom’s taxonomy level. After data collection, the LLMs’ ability to recognize Bloom’s taxonomy
levels and the correct response rate in different subheadings, the agreement between LLMs on
correct and incorrect answers, and the effect of Bloom’s taxonomy level on correct response rates
were evaluated. Data were analyzed using McNemar, Chi-square, and Fisher-Freeman—Halton
exact tests, and Yate’s continuity correction and Kappa agreement level were calculated (P < .05).

Results: Notably, the only significant difference was observed between ChatGPT’s correct answer
rates for oral and dentomaxillofacial radiology subheadings (P=.042; P < .05). For total prosth-
odontic questions, ChatGPT and Bard achieved correct answer rates of 35.7% and 38.9%, respec-
tively, while both LLMs achieved a 52.8% correct answer rate for oral and dentomaxillofacial
radiology. Moreover, there was a statistically significant agreement between ChatGPT and Bard
on correct and incorrect answers. Bloom’s taxonomy level did not affect the correct response
rates significantly.

Conclusion: The performance of ChatGPT and Bard did not demonstrate a reliable result on DUS
questions, but considering rapid advancements in these LLMs, this performance gap will probably
be closed soon, and these LLMs can be integrated into dental education as an interactive tool.

Keywords: ChatGPT, Bard, artificial intelligence, large language models, dental education, mul-
tiple choice questioning

6z
Amagc: Bu calismanin amaci, iki biytk dil modeli (LLM) olan ChatGPT (GPT-3,5) ve Bard'in Dig

Hekimliginde Uzmanlik Egitimi Giris Sinavindaki (DUS) ¢oktan se¢meli sorular Gizerindeki perfor-
mansini karsilagtirmaktir.

Yontemler: Gorsel igerikli sorular hari¢ olmak Uzere, 2021 yilina kadar olan protetik dis tedavisi
ve aglz, dis ve ¢ene radyolojisi ile ilgili DUS sorulari LLM’lere sorulmustur. Daha sonra LLM’lerden
dogru yaniti segmeleri ve Bloom’un taksonomi diizeyini belirtmeleri istenmistir. Veriler toplandik-
tan sonra, LLM’lerin Bloom taksonomi diizeylerini belirleyebilme becerilerive farkl alt bagliklardaki
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dogru yanit oranlari, LLM’ler arasinda dogru ve yanlis yanitlara iliskin uyumu ve Bloom taksonomi diizeyinin dogru yanit oranlari
Uzerindeki etkisi degerlendirilmistir. Veriler Mc Nemar, Ki-kare ve Fisher Freeman Halton Exact testleri kullanilarak analiz edilmistir,
Yate’s Continuity Diizeltmesi ve Kappa uyum dizeyi hesaplanmistir (P < .05).

Bulgular: ChatGPT’nin dogru cevap oranlari arasinda tek anlamli fark agiz, dis ve gene radyolojisi alt basliklari arasinda gozlenmistir
(P:.042; P < .05). Toplam protez sorulari igin ChatGPT ve Bard sirasiyla %35,7 ve %38,9 oraninda dogru cevap verirken, her iki LLM
de agiz, dis ve gene radyolojisiicin %52,8 oraninda dogru cevap vermistir. Ayrica, ChatGPT ve Bard arasinda dogru ve yanlis cevaplar
konusunda istatistiksel olarak anlamli bir uyum saptanmistir. Bloom’un taksonomi diizeyi dogru yanit oranlarini anlamli derecede

etkilememistir.

Sonug: ChatGPT ve Bard, DUS sorulari Uzerinde gtivenilir bir performans gostermemistir, ancak LLM’lerdeki hizli gelismeler g6z
onutnde bulunduruldugunda, performans agiklari muhtemelen yakinda kapanacak ve bu LLM’ler interaktif bir arag olarak dig hekim-

ligi egitimine entegre edilebilecektir.

Anahtar Kelimeler: ChatGPT, Bard, yapay zeka, blytik dil modelleri, dis hekimligi egitimi, coktan se¢meli soru

INTRODUCTION

The rapid progress in artificial intelligence (Al) has given rise to
optimistic prospects for its utilization within the medical domain.
Among the various applications of Al, one noteworthy imple-
mentation involves large language models (LLMs). These models
possess the ability to produce text resembling human language
and respond to prompts by leveraging patterns acquired from
extensive training on substantial volumes of textual data."? This
potential of LLMs spans across diverse fields, encompassing
medical education and aiding clinical decision-making through
multilingual interaction." In the domain of education, Al's evolu-
tion has introduced novel prospects for the transformation of
established learning methodologies. Conventionally, medical
education has depended on resources like textbooks, academic
journals, and search engines such as PubMed (National Library of
Medicine, Bethesda, Md, USA) for knowledge acquisition. None-
theless, there has been growing emphasis on integrating multi-
disciplinary Al-based training to adapt to the evolving landscape
of medical practices, and LLMs can also be used as a part of this
Al-based training.®

Regarding LLMs, chat generative pretrained transformer (Chat-
GPT) also known as GPT-3.5 (OpenAl, San Francisco, Calif, USA)
became the most popular one with more than a hundred mil-
lion users.*® This conversational Al embodies a lineage of LLMs
termed the GPT series, underpinned by deep learning meth-
odologies. ChatGPT delivers direct responses to queries rather
than merely directing users to various websites as web search
engines do, thereby enhancing the engagement and immediacy
of the interaction. It is easy to access and available online, and
it exhibits proficiency in addressing queries across various lan-
guages, including English, Turkish, and several other languages.'?
Following its public release on November 30, 2022, ChatGPT has
garnered considerable prominence, particularly within the realm
of education.® The favorable outcomes exhibited by ChatGPT in
these evaluations suggest its potential utility as an educational
tool within the medical domain.? Several studies have highlighted
the coherent and informative nature of ChatGPT’s responses, sig-
nifying its potential as an interactive tool for medical education,
capable of augmenting learning and enhancing comprehension
of intricate subjects.">® However, it is reported that the out-
puts it produces are rooted in data acquired prior to Septem-
ber 2021, so some of the information it is revealing may not be
relevant today. Therefore, to overcome this problem, companies
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are actively developing alternative LLMs and one such solution is
Bard (Google Inc., Mountain View, Calif, USA). Released in March
2023, Bard distinguishes itself by its capacity to instantly access
and assimilate real-time information from the internet while
formulating responses. This unique trait fuels anticipation of
Bard’s efficacy across diverse domains that demand up-to-date
insights."® Nonetheless, while the proficiency of ChatGPT in spe-
cialized medical multiple-choice question (MCQ) assessments
across diverse medical domains, encompassing the United
States Medical Licensing Exam, and other exams on orthopedics,
cardiology, microbiology, gynecology, family medicine have been
documented investigations into Bard’s performance in medi-
cal education remain in their infancy, and direct comparisons
between Bard and established LLMs are just commencing.5'%-1
Importantly, there exists a notable absence of head-to-head eval-
uations between Bard and ChatGPT, particularly in the specific
context of multiple-choice dental examinations.

Multiple-choice examinations represent the prevailing mode of
assessment for gauging student learning due to their capacity for
objective evaluation. They offer the advantage of efficiently cov-
ering a broad spectrum of concepts within a constrained time
frame, affording students immediate formative feedback and
supplying educators with achievement data, while also inform-
ing learning developers about student engagement levels.™>®
Additionally, responding to MCQs, enables students to swiftly
pinpoint gaps in their knowledge, which is valuable for directing
future learning” However, it's important to prepare well-crafted
MCQs to direct the students’ future learning through critical
thinking. In this pursuit, the application of Bloom’s revised tax-
onomy, which is a hierarchical classification of cognitive learn-
ing objectives, has emerged as a strategy to design MCQs that
effectively assess critical thinking competencies, with evidence
suggesting that the incorporation of higher-order MCQs sup-
ports the cultivation of a profound comprehension of scientific
processes.'®® This taxonomy not only finds utility in preparing
MCQs but also in the realms of other assessments, teaching, and
learning, providing an easily comprehendible and practical guide-
line for curriculum development.'® According to this guideline,
the verbs “remember” (formerly labeled as knowledge or recall in
the original version of Bloom’s taxonomy) and “understand” (pre-
viously called comprehension) constitute the lower-order ques-
tions, whereas the verbs “apply,” “analyze,” “evaluate,” and “create”
form the higher-order questions. These higher-order ques-
tions necessitate the application of advanced cognitive skills,
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compelling students to employ their foundational knowledge in
intricate ways.'®*2° Consequently, it is imperative for an LLM to
adeptly discern the distinction between lower and higher-order
questions, thus ensuring its capability to interpret these catego-
ries effectively for future utilization in the educational field, espe-
cially for preparing questions.”

Several studies have investigated LLMs’ performance on their
correct response rates in different medical fields according to
lower and higher-order questions, and they reported them to
be promising to be used in medical education.>®2"® However, to
the best of the authors’ knowledge, there is no study examining
the ChatGPT’s and Bard’s performances on Bloom’s taxonomy
and their correct response rates in the dental field, so it’'s unclear
whether these LLMs can be used confidently as a tool for dental
education. Therefore, in this study, the Dental Specialty Entrance
Examination (abbreviated as DUS in Turkish), which is taken in
Turkey by candidates who want to receive specialty education
in the schools of dentistry, is evaluated. This exam consists of
MCQs, with 5 options for each question. It comprises 40 ques-
tions of basic sciences and 10 questions of each clinical science,
which prosthodontics, oral and maxillofacial radiology, pediatric
dentistry, endodontics, orthodontics, periodontology, oral and
maxillofacial surgery, and restorative dentistry.?' In this study,
DUS questions of prosthodontics and oral and dentomaxillofacial
radiology that the authors specialized on are evaluated to assess:
1- the performance of ChatGPT and Bard on the recognition of
Bloom’s taxonomy level of the MCQs, 2- the performance of
ChatGPT and Bard on the correct response rate on MCQs related
to subheadings of prosthodontics and oral and dentomaxillofa-
cial radiology, 3- the agreement of ChatGPT and Bard on correct/
incorrect answers, 4- the effect of Bloom’s taxonomy level (lower
or higher-order) on the correct response rate of LLMs and the
LLMs" agreement on correct/incorrect answers to all questions
according to Bloom’s taxonomy level specified by the authors
and thereby identify the LLMs’ strengths and weaknesses, create
awareness and pave the way for further research and develop-
ment of LLMs to be used in dental education. Consequently, the
null hypotheses were set as follows: (1) Bard outperforms Chat-
GPT on the recognition of Bloom’s taxonomy level of the MCQs,
(2) Bard outperforms ChatGPT on the correct response rate on
MCQs related to subheadings of prosthodontics and oral and
dentomaxillofacial radiology, (3) The LLMs have no agreement on
correct and incorrect answers, (4) Bloom’s taxonomy level, speci-
fied by the authors, affects the correct answer rate of the LLMs
and the LLMs have no agreement on correct/incorrect answers
to all questions according to Bloom’s taxonomy level specified by
the authors.

MATERIALAND METHODS

All DUS questions on prosthodontics and oral and dentomaxil-
lofacial radiology, up to the year 2021, were downloaded from the
database of OSYM, which is a governmental institution estab-
lished by the Turkish parliament to assess and place proficient
applicants who seek admission to higher education programs
by means of centralized examinations. The questions after 2021
were excluded since ChatGPT covers data up to 2021. In prosth-
odontics, 2 figure-containing and 2 canceled questions were
excluded, and 126 questions were asked; in radiology, 7 questions
containing radiography were excluded, and only 123 questions
with text content were asked in Turkish, the same as in the OSYM
database. Questions with images, charts, or tables were excluded

since ChatGPT is adapted according to text input and the current
version of Bard allows images only in English prompts.

Both authors independently categorized the questions as lower-
order or higher-order according to Bloom’s taxonomy. All cate-
gorization was performed blindly, without the knowledge of any
LLM’s responses to the questions. In addition, prosthodontic
questions were classified under 7 main headings: dental morphol-
ogy, complete dentures, removable partial dentures, fixed partial
prostheses, materials science, implant-supported prostheses,
temporomandibular joint (TMJ) disorders, and occlusion.?? Oral
and dentomaxillofacial radiology questions were classified under
2 main headings: (1) oral medicine and oral diagnosis, (2) oral
radiology.®

The DUS questions, with the original text in Turkish, were entered
individually into ChatGPT and Bard as prompts, and both were
asked to respond from July 24 to 29, 2023. The prompt “Can
you give the correct answer to the multiple-choice question
above and categorize this multiple-choice question according
to Bloom’s taxonomy?” was entered also in Turkish, just after
the DUS question, as can be seen in Figure 1. The “regener-
ate response” button was not used, and the first response was
taken to be the final answer. The official answers provided by the
OSYM were used to establish the proper answer to each question.
Answers were categorized as correct (1) orincorrect (0) in a binary
format. Questions that an LLM prefers not to answer were classi-
fied as incorrect.

Statistical Analysis

After data collection, IBM Statistical Package for the Social Sci-
ences Statistics, version 22.0 software (IBM Corp.; Armonk, NY,
USA) program was used for statistical analyses to evaluate the
null hypotheses according to the findings in the study. In addition
to descriptive statistical methods (frequency), the McNemar test,
Chi-square test, Fisher—-Freeman—-Halton exact test, and Yate’s
continuity correction were used to compare qualitative data, and
the Kappa agreement level was calculated. Significance was eval-
uated at P < .05 level.

RESULTS

According to the McNemar test results, as seen in Table 1, the
agreement between the authors, ChatGPT’s, and Bard’s lower/
higher-order classifications is statistically not significant (P: .001;
P < .05). The Kappa agreement levels between the authors’ and
ChatGPT'’s and Bard’s classifications were 66.1% and 35%, respec-
tively, while the Kappa agreement level between ChatGPT and
Bard’s classifications was 21.4%. The examples of agreement and
disagreement in the classification can be seen in Figure 1 and 2.

When the correct/incorrect answer rates according to the sub-
headings are evaluated (Table 2), it is found that there is no statis-
tically significant difference between the correct answer rates of
LLMs among the subheadings of prosthodontics (P > .05). When
all prosthodontic questions are taken into consideration, the cor-
rect answer rate of ChatGPT is 35.7%, while the correct answer
rate of Bard is 38.9%. Between the oral and dentomaxillofacial
radiology subheadings, it was found that there is statistically no
significant difference in terms of Bard correct answer rates (P >
.05), but there is a significant difference in terms of ChatGPT cor-
rect answer rates (P: .042; P < .05). The correct answer rate of
ChatGPT for oral medicine and oral diagnosis questions (64.7%)
is significantly higher than for oral radiology questions (44.4%). In
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Abzorbe edilen radyasyon miktarini gosteren birim
asagidakilerden hangisidir?

A. Coulomb/kilogram (C/kg)

B. Sievert (Sv)

C. Becquerel (Bq)

D. Réntgen (R)

E. Gray (Gy)

Yukaridaki goktan segmeli sorunun dogru cevabini verebilir misin ve bu goktan segmeli
soruyu bloom's taksonomisine gore siniflandirabilir misin?

Yukaridaki goktan segmeli sorunun dogru cevabi "E. Gray (Gy)"dir.

Bu soru, "Understand” (Anlama) seviyesinde Bloom'un Taksonomisi'ne gore siniflandirilabilir.
Soruda, radyasyon 6lgu birimleri hakkinda bilgi anlama ve farkindalik gerektiriyor. Soru,

verilen bilgiyi anlama ve yeni baglamlara uygulama yetenegi gerektirir.

‘s Regenerate

A. Coulomb/kilogram (C/kg)
Sievert (Sv)

Becquerel (Bq)

Rontgen (R)

. Gray (Gy)

moow®

taksonomisine gére siniflandirabilir misin?

Cevap: E. Gray (Gy)

Bloom's Taksonomisine Gére Siniflandirma: Anlama

Io Abzorbe edilen radyasyon miktarini gdsteren birim asagidakilerden hangisidir?

Yukaridaki coktan segmeli sorunun dogru cevabini verebilir misin ve bu ¢oktan segmeli soruyu bloom's

Bu coktan secmeli soru, radyasyon élctim birimleri hakkindaki bilgileri anlamay: gerektirir. Soruyu cevaplamak icin, her
bir birimin neyi dlctigini ve hangi birimin abzorbe edilen radyasyon miktarini lctagini bilmeniz gerekir.

Diger taslaklari goster v

)

Figure 1. ChatGPT (upper screenshot) and Bard (lower screenshot) choose the correct answer (E.Gray) and define the same classification with the
authors to the same question which is translated as, “Which of the following is the unit indicating the amount of absorbed radiation? A. Coulomb/

kilogram (C/kg), B. Sievert (Sv), C. Becquerel (Bq), D. x-ray (R), E. Gray (Gy).

addition, for total oral and dentomaxillofacial radiology questions,
the correct answer rates of both LLMs are 52.8%. The examples
of correct and incorrect responses by both LLMs can be seen in
Figure 1and 2.

Upon evaluation of LLM’s agreement on correct/incorrect
answers to prosthodontics (Table 3) and oral and dentomaxillo-
facial radiology (Table 4) questions, it has been discovered that
there is a statistically significant agreement on correct answer
rates between the LLMS in terms of subheadings of both prosth-
odontics and oral and dentomaxillofacial radiology and in terms of
total questions of both clinical sciences (P > .05). The inter-rater

agreement, as indicated by the Kappa coefficient, between the
2 LLMs varies across different clinical sciences and their sub-
headings. For prosthodontics, the agreement level is 32.2% for
all questions with the same answer rate of 86/126. In the realm
of oral and dentomaxillofacial radiology, it stands at 28.2% for all
questions with 79/123 having the same answer rate. Delving into
specific subheadings, the agreement percentages are as follows:
52.6% for dental morphology, 45.1% for complete dentures, 14.3%
for removable partial dentures, 15.4% for fixed partial prostheses,
20.8% for materials science, and 53.2% for TMJ disorders and
occlusion. Meanwhile, for oral medicine and oral diagnosis, the
agreement level is 29.7%, and for oral radiology, it is 24.8%.

Table 1. Agreement between the authors’, ChatGPT’s, and Bard’s lower- and higher-order classifications (N = 249)

Authors’ Classification

Lower Higher Total
n (%) n (%) n (%) P
Chat GPT’s classification Lower 200 (80.3) 19 (7.6) 219 (88)
Higher 3(1.2) 27 (10.8) 30(12) <.001*
Total 203 (81.5) 46 (18.5) 249 (100)
Bard’s classification Lower 142 (57.0) 9(3.6) 151 (60.6)
Higher 61 (24.5) 37 (14.9) 98 (39.4) <.001*
Total 203 (81.5) 46 (18.5) 249 (100)
ChatGPT’s Classification
Lower Higher Total P
Bard’s classification Lower 144 (57.8) 7 (2.8) 151 (60.6)
Higher 75 (30.1) 23(9.2) 98 (39.4) <.001*
Total 219 (88.0) 30(12.0) 249 (100)

ChatGPT, Chat generative pretrained transformer.
*P < .05—McNemar test.

Curr Res Dent Sci 2024 34(1): 25-34 | doi: 10.5152/CRDS.2024.23261
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m 24. Mandibular kanin ve mandibular 1. premolar dis eksikligi olan hastalarda sabit protez
yapiminda destek alinmasi gereken disler asagidakilerden hangileridir?
A) Lateral ve 2. Premolar
B) Lateral, 2. premolar, 1. molar
C) Her iki santral, lateral, 2. premolar ve 1. molar
D) Santral, lateral ve 2. Premolar
E) Her iki santral, lateral ve 2. Premolar
Yukaridaki goktan segmeli sorunun dogru cevabini verebilir misin ve bu goktan segmeli
soruyu bloom's taksonomisine gére siniflandirabilir misin?

Yukaridaki goktan segmeli sorunun dogru cevabi:
C) Her iki santral, lateral, 2. premolar ve 1. molar

Bu soru, "Bilgi" seviyesinde Bloom'un Taksonomisi'ne gore siniflandinlabilir. Soru, adayin

temel bilgiyi anlama ve hatirlama yetenegini élgiiyor. > Regenerate v

n 19. Karsit arkta dogal diglerin timinun bulundugu bir digsiz ¢eneye yapilmasi planlanan tek ¢cene tam protez ile ~

ilgili agagidaki ifadelerden hangisi yanlistir?

A) Dogal dentisyona uygun sekilde kanin koruyuculu oklizyon saglanmalidir. V4

B) Tam protezde olusabilecek kiriklari 6nlemek icin protez kaidesi metal olarak hazirlanmalidir.

C) Karsilikh okliizal iliskilerde prematiir temaslar elimine edilmelidir.

D) Gerektiginde dogal dislerin yerleri ortodontik olarak degistirilerek oklizyon dizlemi diizenlenmelidir.

E) Protezin retansiyon ve stabilitesini artirmak icin anatomik formlu posterior digler kullaniimaldir.

Yukaridaki coktan secmeli sorunun dogru cevabini verebilir misin ve bu goktan se¢cmeli soruyu bloom's

taksonomisine gore siniflandirabilir misin?

Diger taslaklari goster v o)

Q‘ Dogru cevap: D. Gerektiginde dogal dislerin yerleri ortodontik olarak degistirilerek okllizyon diizlemi
duzenlenmelidir.

Ortodontik tedavi, dislerin pozisyonunu degistirmek i¢in kullanilan bir tedavi yontemidir. Dissiz ceneye yapilacak tam
protez igin ortodontik tedaviye gerek yoktur. Protezin retansiyon ve stabilitesini artirmak i¢in anatomik formlu
posterior disler kullanilmalidir.

Soruyu Bloom'un taksonomisine gore siniflandirirsak, bu soru anlama seviyesinde bir sorudur. Bu soru, 6grenciden

belirli bir bilgiyi yorumlamasini veya agiklamasini gerektiren sorular. Bu durumda, 6grenciden tek ¢ene tam protez ile
ilgili ifadelerin dogru olup olmadigini belirlemesini gerektirmektedir.

o o < G Google'da ara H

Figure 2. The upper screenshot presents ChatGPT choosing the incorrect answer (C. Both central, lateral, second premolar, and first molar) for the
question “Which of the following are the teeth that should be prepared to support a fixed prosthesis in patients with mandibular canine and
mandibular first premolar tooth loss?” (The correct answer is option D. Central, lateral, and second premolar) and defining the different classifications of
Bloom’s taxonomy (knowledge/remembers classified as lower-order) compared to the authors’ (applications classified as higher-order). The lower
screenshot presents a question translated as “Which of the following statements about a single jaw complete denture planned for an edentulous jaw
with all-natural teeth in the opposite arch is incorrect? A. Canine-protected occlusion should be provided in accordance with the natural dentition. B.
The denture base should be prepared as metal to prevent fractures that may occur in the complete denture. C. Premature contacts in interocclusal
relationships should be eliminated. D. When necessary, the plane of occlusion should be adjusted by orthodontically replacing the natural teeth. E.
Anatomically shaped posterior teeth should be used to increase the retention and stability of the prosthesis. This lower screenshot presents Bard
choosing the incorrect answer (option D) whereas the correct answer is option A Bard further explains incorrectly that, “Orthodontic treatment is a
treatment method used to change the position of the teeth. Orthodontic treatment is not required for a complete denture for an edentulous jaw.
Anatomically shaped posterior teeth should be used to increase the retention and stability of the prosthesis’and defines the classification of Bloom’s
taxonomy differently (comprehension classified as lower-order) compared to the authors’ (application classified as higher-order).

Regarding the effect of Bloom'’s taxonomy level, as specified by
the authors, on the correct response rate of LLMs, as Bloom’s
taxonomy level increased, the LLM’s performance decreased, but
the difference was not statistically significant (Table 5). For lower-
order questions, the correct response rates of ChatGPT for prosth-
odontics and oral and dentomaxillofacial radiology questions are
37.5% and 57.6%, while Bard’s are 43.3% and 53.5%, respectively.
For higher-order questions, ChatGPT’s correct response rates for
prosthodontics and oral and dentomaxillofacial radiology ques-
tions are 27.3% and 33.3%, whereas Bard’s are 18.2% and 50%,
respectively. In addition, regarding the LLMs’ agreement on cor-
rect/incorrect answers to all questions according to the authors’

lower or higher-order classification (Table 6), it is found that, in
both the categorization of prosthodontics and oral and dento-
maxillofacial radiology questions as lower or higher-order, a sta-
tistically significant agreement in terms of correct response rates
is observed between ChatGPT and Bard (P > .05).

DISCUSSION

In this study, the performance of ChatGPT and Bard on DUS ques-
tions, specifically prosthodontics and oral and dentomaxillofacial
radiology questions, was evaluated. According to the results, (1)
ChatGPT outperformed Bard on the recognition of Bloom’s tax-
onomy level of MCQs, but the agreement between both LLMs

Curr Res Dent Sci 2024 34(1): 25-34 | doi: 10.5152/CRDS.2024.23261
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and authors was still not significant; (2) there was no statisti-
cally significant difference between the LLMs related to the cor-
rect response rate of MCQs on subheadings of prosthodontics
and oral and dentomaxillofacial radiology; (3) there is a statisti-
cally significant agreement on correct answer rates between the
LLMs in terms of subheadings of both prosthodontics and oral
and dentomaxillofacial radiology and in terms of total questions
of both clinical sciences; (4) Bloom’s taxonomy level, specified by
the authors, did not have a significant effect on performance of
both LLMs, and the LLMs had a significant agreement on correct/
incorrect answers to all questions according to the Bloom’s tax-
onomy level specified by the authors. Therefore, the null hypoth-
eses are all rejected.

Large language models can be used in education not only in
answering questions but also in preparing questions. However,
in order to be able to prepare questions that force students to
use their critical thinking skills for an effective evaluation, it is
important to prepare questions according to Bloom’s taxonomy.
Therefore, it is crucial to determine how effective LLMs are at rec-
ognizing Bloom’s taxonomy in order to benefit from these LLMs
when preparing questions.® However, according to the results
of this study, both LLMs do not have a statistically significant
agreement with the authors on specifying Bloom’s taxonomy
level as lower or higher order. An example of this disagreement
is that when Bard was asked, “Which of the following impression
materials should not be disinfected with chlorine solutions?” it
classified this question in application level and thereby catego-
rized it as higher-order, but the authors classified it in remember
level as it was a simple knowledge question not requiring critical
thinking and thereby categorized it as lower-order. As far as the
authors searched, there is no similar study on LLMs’ recognition
of Bloom’s taxonomy in the literature, but it was reported that
there is no gold standard for making a lower or higher-order clas-
sification according to Bloom’s taxonomy.?° Also in another study,
educators, faculty, and students were asked to classify questions
as lower or higher-order according to Bloom’s taxonomy, but the
agreement between them was not significant, just like the results
of the present study.™

Regarding the results on the correct response rate on ques-
tions related to subheadings of prosthodontics and oral and
dentomaxillofacial radiology, the only significant difference was
observed between ChatGPT’s correct answer rates for oral and
dentomaxillofacial radiology subheadings, which is significantly
higher for oral diagnosis and oral medicine questions. This might
be because ChatGPT was trained more, or users sought more
medical advice and provided feedback on that subheading, lead-
ing to its continuous improvement.3** For total prosthodontic
questions, ChatGPT and Bard achieved correct answer rates of
35.7% and 38.9%, respectively, while both LLMs achieved a 52.8%
correct answer rate for oral and dentomaxillofacial radiology.
These rates are quite low, according to a recent study mention-
ing that for the LLM to become a reliable and widely acceptable
educational tool, it should consistently provide 95% accuracy.
In addition, other studies on the MCQ performance of ChatGPT
in medical examinations also revealed that it was not success-
ful enough to be used as an educational tool in gastroenterology,
neurosurgery, urology, parasitology, and ophthalmology.3891.2526
Furthermore, a recent report on the performance of ChatGPT
and Bard on nephrology concluded that both LLMs had similar
scores and were both insufficient.! Several factors could account
forthe relatively insufficient performance ofthese LLMs in certain
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Table 3. Chat Generative Pretrained Transformer’s and Bard’s Agreement on Correct/Incorrect Answers to Prosthodontics Questions

ChatGPT*
Incorrect Correct Total
Subheadings Bard** n (%) n (%) n (%) P
Dental morphology Incorrect 5 (55.6) 0(0) 5(55.6)
Correct 2 (22.2) 2 (22.2) 1(44.4) 500
Total 7(77.8) 2(22.2) 9 (100)
Complete dentures Incorrect 9 (47.4) 3(15.8) 12 (63.2)
Correct 2(10.5) 5 (26.3) 7(36.8) 1.000
Total 11(57.9) 8(42.1) 19 (100)
Removable partial dentures Incorrect 17 (63) 4(14.8) 21(77.8)
Correct 4(14.8) 2(7.4) 6(22.2) 1.000
Total 21(77.8) 6(22.2) 27(100)
Fixed partial prostheses Incorrect 11 (40.7) 7 (25.9) 18 (66.7)
Correct 4(14.8) 5 (18.5) 9(33.3) .549
Total 15 (55.6) 12 (44.4) 27(100)
Materials science Incorrect 8(36.4) 2(9.1) 10 (45.5)
Correct 7(31.8) 5 (22.7) 12 (54.5) .180
Total 15 (68.2) 7(31.8) 22(100)
Implant-supported prostheses Incorrect 0(0) 0(0) 0/(0)
Correct 1(25) 3(75) 4(100) 1250
Total 1(25) 3(75) 4 (100)
TM]J disorders and occlusion Incorrect 9 (50) 2(11.1) 11 (61.1)
Correct 2(11.1) 5 (27.8) 7(38.9) 1.000
Total 11(61.1) 7(38.9) 18 (100)
All questions Incorrect 59 (46.8) 18 (14.3) 77(61.1)
Correct 22 (17.5) 27 (21.4) 49 (38.9) 636
Total 81 (64.3) 45(35.7) 126 (100)

McNemar test.

ChatGPT, chat generative pretrained transformer; TMJ, temporomandibular joint.
*ChatGPT displays the results of ChatGPT in columns.

**Bard displays the results of Bard in rows.

medical and dental specialties. Primarily, these LLMs were ini-
tially developed as general-purpose interactive platforms and
weren't specifically tailored to grasp medical literature nuances.
Consequently, they lack the medical expertise and contextual
comprehension necessary to navigate the intricate interplay
between various medical conditions and treatments. Another
significant consideration pertains to the training data. Most of
the information integrated into these LLMs was derived from
publicly accessible sources, potentially limiting access to infor-
mation requiring paid journal subscriptions. This could be a limi-
tation when addressing specific types of queries. Moreover, the
LLMs may draw information from diverse sources, including non-
medical ones, and may even retrieve data from outdated refer-
ences, which may lead to erroneous responses. In addition, the
core function of these LLMs revolves around predicting the sub-
sequent words in a text sequence and constructing responses
based on available data without assessing their accuracy. How-
ever, they lack inherent comprehension of the subjects, merely
generating responses based on patterns, which might yield

Table 4. Chat Generative Pretrained Transformer’s and Bard’s Agreement on Correct/
Incorrect Answers to Oral and Dentomaxillofacial Questions

ChatGPT*
Incorrect Correct Total
Questions Bard** n (%) n (%) n (%) P
Oral medicine,  Incorrect 11 (21.6) 10 (19.6) 21(41.2)
oral diagnosis
Correct 7 (13.7) 23 (45.1) 30 (58.8) .629
Total 18 (35.3) 33 (64.7) 51(100)
Oral radiology Incorrect 25 (34.7) 12 (16.7) 37(51.4)
Correct 15 (20.8) 20(27.8)  35(48.6) 701
Total 40 (55.6) 32 (44.4) 72 (100)
All questions Incorrect 36 (29.3) 22 (17.9) 58 (47.2)
Correct 22 (17.9) 43(35.0)  65(52.8) 1.000
Total 58(47.2) 65(52.8) 123 (100)

McNemar test.

ChatGPT, chat generative pretrained transformer.
*ChatGPT displays the results of ChatGPT in columns.
**Bard displays the results of Bard in rows.

plausible yet factually incorrect or nonsensical answers, and this
phenomenon is called “hallucination.”” An example of hallucina-
tion can be seen in Figure 2 with both LLMs answering incorrectly
and Bard further defending its reason of choice with confidence
as if it's a fact. Such hallucinations can also be encountered in
ChatGPT since there is a significant agreement between Chat-
GPT and Bard on correct and incorrect answers, which might
be because they were equipped with a similar database. Conse-
quently, cross-checking a question’s answer between these LLMs
does not increase the chance of getting the correct response.
Therefore, both LLMs need to be developed to be used as reliable
educational tools, as indicated by the studies on MCQ exams that
reported ChatGPT achieving a passing score 310121328

According to the results of this study, the correct response rate
of LLMs decreases as Bloom’s taxonomy level increases, though
not significantly. Previous studies have also reported that Chat-
GPT exhibits diminished precision when addressing higher-order
inquiries, indicating that even if it possesses knowledge, it cannot
apply it critically."®® In addition, there was a significant agreement
between the LLMs on correct/incorrect answers to all questions
according to Bloom’s taxonomy level specified by the authors. This
might be because these LLMs possess constraints in their capac-
ity to accommodate specific question types or structures, as well
as tasks related to constructing arguments and reasoning.”

Despite the constraints of LLMs, they are here to stay, and their
potential influence on the medical and dental fields is enormous
and cannotbeignored.>'2* Therefore, they should be continuously
evaluated in terms of advantages and challenges. Consequently,
in this study, the performance of ChatGPT and Bard on the recog-
nition of Bloom’s taxonomy level and the correct response rate on
questions related to subheadings of prosthodontics and oral and
dentomaxillofacial radiology, the agreement of LLMs’ on correct
andincorrectanswers, the effect of Bloom’s taxonomy level on the
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Table 5. The Effect of Lower/Higher-Order Classification, Specified by the Authors, on the Correct Response Rate of Chat Generative Pretrained Transformer and Bard

Authors’ Classification

Lower Higher Total
n (%) n (%) n (%) P
ChatGPT Prosthodontics Incorrect 65 (62.5) 16 (72.7) 81 (643) .506
Correct 39 (37.5) 6(27.3) 45 (35.7)
Oral and dentomaxillofacial radiology Incorrect 42 (42.4) 16 (66.7) 58 (47.2) .057
Correct 57 (57.6) 8(33.3) 65 (52.8)
Total Incorrect 107 (52.7) 32 (69.6) 139 (55.8) .056
Correct 96 [47 3) 14 (30.4) 110 (44.2)
Bard Prosthodontics Incorrect (56.7) 18 (81.8) 77 (61.1) .051
Correct 45 (43 3) 4(18.2) 49 (38.9)
Oral and dentomaxillofacial radiology Incorrect 46 (46.5) 12 (50) 8 (47.2) 934
Correct 53 (53.5) 12 (50) 65 (52.8)
Total Incorrect 105 (51.7) 30 (65.2) 135 (54.2) 135
Correct 98 (48.3) 16 (34.8) 114 (45.8)

Yate’s Continuity Correction
ChatGPT, chat generative pretrained transformer.

Table 6. Chat Generative Pretrained Transformer and Bard’s Agreement on Correct/Incorrect Answers to All Questions According to the Authors’ Lower/Higher-Order

Classification
ChatGPT*
Incorrect Correct Total
Bard** n (%) n (%) n (%) P
Prosthodontics Lower Incorrect 44 (42 3) 15 (14.4) 59 (56.7) .405
Correct [ 02) 24 (23.1) 45 (43.3)
Total (62.5) 39 (37.5) 104 (100)
Higher Incorrect (68.2) 3(13.6) 18 (81.8) 625
Correct [4 5) 3(13.6) 4(18.2)
Total 16 (72 7) 6(27.3) 22 (100)
Oral and dentomaxillofacial radiology Lower Incorrect 8 (28.3) 18 (18.2) [46 5) 597
Correct [14 1) 39 (39.4) (53.5)
Total (42.4) 57 (57.6) 99 (100]
Higher Incorrect 8 [33.3] 4 (16.7) 12 (50) .388
Correct 8(33.3) 4(16.7) 12 (50)
Total 16 (66.7) 8(33.3) 24 (100)

McNemar test.

ChatGPT, chat generative pretrained transformer.
*ChatGPT displays the results of ChatGPT in columns.
**Bard displays the results of Bard in rows.

correct response rate of LLMs, and the LLMs’ agreement on cor-
rect/incorrect answers to all questions according to Bloom’s tax-
onomy level specified by the authors were investigated to assess
their reliability in dental education. There is no similar study in
the literature comparing ChatGPT’s and Bard’s performance on
such parameters and revealing their strengths and weaknesses
on MCQs about dental specialties, which is important, especially
since the coronavirus 2019 pandemic because online exams
became popularand MCQs are favored types of assessments due
to their advantages. Regarding the results of this study, ChatGPT
and Bard do not currently provide a sufficient correct response
to allow substantial unfair advantage to students taking tests,
and they are not reliable enough to be used as an educational
tool. This inference, nevertheless, will inevitably change as LLMs
undergo ongoing evolution. The advancement of these LLMs,
propelled by refined training data and progressively intricate
algorithms, foreshadows the emergence of more precise LLMs
adept at producing contextually fitting answers. This progression,
consequently, introduces new ethical predicaments about their
implementation within educational contexts. Despite these pos-
sible disadvantages, the main point is to integrate LLMs as they
advance into a broader learning strategy and supplement con-
ventional educational resources such as textbooks and lectures.”?

There are some limitations to this study. First, the result of this
study belongs to the data from July 24 to 29, 2023, and as LLMs
will likely continue to evolve rapidly, a future trial with the same
items may yield different results. However, to pave the way for
this rapid development by manufacturers, the shortcomings of
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LLMs for each subheading need to be clarified. Second, since the
authors specialized in prosthodontics and oral dentomaxillofa-
cial radiology, only questions of these specialties are evaluated,
and these results cannot be generalized directly to other dental
specialties but may set an example and lead the way to further
studies. Third, the questions were asked only in Turkish as they
were on the OSYM database because Turkish students would
probably prefer to use Turkish, and if translated, there could be
deviations from the original text. However, asking them in Eng-
lish could have increased the correct answer rate.?® Fourth, since
OSYM did not share statistical data on the correct answer rate
of the test takers for each subheading, the results of LLMs could
not be compared to human performance. Fifth, the questions
with figures and tables were excluded since ChatGPT could not
be integrated with multimodal input. In further studies, as these
LLMs evolve rapidly, different kinds of questions with such input,
different kinds of assessments like open-ended questions, other
dental specialties, and various LLMs should be tested to be able
to confidently integrate LLMs into dental education.

The agreement between both LLMs and authors on the recog-
nition of Bloom’s taxonomy level of MCQs was not significant.
There was no statistically significant difference between Chat-
GPT and Bard, related to the correct response rate of MCQs on
prosthodontics (35.7% and 38.9%, respectively) and oral and den-
tomaxillofacial radiology (52.8% for both LLMs), and there was a
significant agreement between ChatGPT and Bard on correct and
incorrect answers. As Bloom’s taxonomy level increased, the cor-
rect response rate of LLMs decreased, though not significantly.
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As a result, these LLMs are not yet reliable educational tools but
can be used as a supplement to traditional educational methods
as they evolve. They can even be integrated into the dental edu-
cation curriculum after sufficient development, but dental aca-
demicians should be aware of their strengths and weaknesses to
prepare assessments accordingly and to guide their students in
self-learning strategies.
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