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ABSTRACT
Introduction: Large language models such as Gemini, GPT-3.5, and GPT-4 have demonstrated significant potential in the 
medical field. Their performance in medical licensing examinations globally has highlighted their capabilities in understanding 
and processing specialized medical knowledge. This study aimed to evaluate and compare the performance of Gemini, GPT-3.5, 
and GPT-4 in the Korean National Dental Hygienist Examination. The accuracy of answering the examination questions in both 
Korean and English was assessed.
Methods: This study used a dataset comprising questions from the Korean National Dental Hygienist Examination over 5 years 
(2019–2023). A two-way analysis of variance (ANOVA) test was employed to investigate the impacts of model type and language 
on the accuracy of the responses. Questions were input into each model under standardized conditions, and responses were clas-
sified as correct or incorrect based on predefined criteria.
Results: GPT-4 consistently outperformed the other models, achieving the highest accuracy rates across both language versions 
annually. In particular, it showed superior performance in English, suggesting advancements in its training algorithms for lan-
guage processing. However, all models demonstrated variable accuracies in subjects with localized characteristics, such as health 
and medical law.
Conclusions: These findings indicate that GPT-4 holds significant promise for application in medical education and standard-
ized testing, especially in English. However, the variability in performance across different subjects and languages underscores 
the need for ongoing improvements and the inclusion of more diverse and localized training datasets to enhance the models' 
effectiveness in multilingual and multicultural contexts.

1   |   Introduction

Artificial intelligence (AI) and deep learning have made sig-
nificant strides in various fields, notably in medicine [1–3]. AI 

applications now span disease prediction, diagnostic assistance, 
drug development, and medical data analysis [4–6]. A particular 
focus has been on large language models (LLMs) like ChatGPT, 
BingChat, and Gemini. These models, launched by companies 
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like OpenAI and Google, are revolutionizing medical education 
and practice by processing and generating human language at 
an unprecedented scale [7, 8].

LLMs have shown promising results in medical licensing exams 
worldwide, demonstrating their potential to understand complex 
medical knowledge. Studies have highlighted their ability to pass 
exams like the United States Medical Licensing Examination 
(USMLE) and other national medical exams in Japan, and 
China [9–12]. Davies et al. [13] evaluated ChatGPT 3.5 on the 
Faculty of Public Health Diplomate exam, finding it passed 3 
out of 4 papers, excelling in research methods but with concerns 
about factual accuracy. Similarly, Wang, Shen, [14] and Chen 
assessed ChatGPT 3.5 on the Taiwanese Pharmacist Licensing 
Exam, where it failed but showed better performance in English 
than in Chinese, suggesting potential for improvement through 
deep learning. These findings suggest that ChatGPT could be a 
valuable tool in professional education, while also highlighting 
its current limitations, particularly in its performance with non-
English languages, emphasizing the need for further research 
in this area.

There is a paucity of research comparing and evaluating the 
efficacy of LLMs in the context of the national examination 
for dental hygienists in Korea, indicating a clear need for fur-
ther investigation in this area. This study aims to address this 
gap by evaluating and comparing the performance of Gemini, 
GPT-3.5, and GPT-4 on the Korean National Dental Hygienist 
Examination. The study assesses the models' response accuracy 
in both Korean and English, providing insights into their appli-
cability in multilingual environments and their potential to en-
hance dental hygiene education.

2   |   Materials and Methods

This study did not involve human or animal participants, and 
ethical approval was not required.

2.1   |   LLMs

Gemini (Google), Chat GPT-3.5 (OpenAI), and Chat GPT-4 
(OpenAI) were used in this study. At the time of the study 
(March and April 2024), GPT-3.5 was equipped with informa-
tion accumulated until January 2022, while the information in 
GPT-4 was updated through April 2023.

2.2   |   Input Data Sets From the Korean Dental 
Hygienist Examination

The data utilized in this research included exam questions 
from the Korean National Dental Hygienist Examination con-
ducted over 5 years, from December 2019 to December 2023. 
The questions and answers are publicly available on the offi-
cial website.

The examination consists of 200 questions designed to evalu-
ate the competence of oral hygiene experts. To pass, candidates 

must score at least 60% overall and at least 40% in each subject, 
with each question offering five multiple-choice options and re-
quiring the selection of the most correct answer. The exam cov-
ers 21 subjects, primarily grouped into health and medical law, 
dental morphology, oral prophylaxis, and periodontology; it in-
cludes foundational medical sciences and knowledge necessary 
for actual dental clinical practice. Table 1 shows the subjects and 
number of questions in the Korean National Dental Hygienist 
Examination.

Figure  1 Illustrates the flowchart and the target questions 
in the study. Subjects like health and medical law, commu-
nity oral health, and oral health administration, which deal 
extensively with Korea's legal and administrative systems, 
were analyzed separately and evaluated in Korean due to their 
regional specificity. The remaining 18 subjects were directly 
reproduced from the Korean national dental hygienist exam 
questions and input in Korean. For the English version, the 
questions were translated based on a “Standardized Dental 

TABLE 1    |    Subjects in the korean national licensing examination for 
dental hygienists.

Subject
Number of 

questions (n)

Health and medical lawa 20

Oral anatomy 7

Dental morphology 7

Oral histology and embryology 7

Oral pathology 7

Oral physiology 7

Oral microbiology 5

Community oral healtha 12

Oral health administrationa 10

Dental statistics 8

Oral health education 10

Preventive dentistry 18

Oral prophylaxis 20

Dental radiology 20

Oral and maxillofacial surgery 6

Prosthodontics 6

Conservative dentistry 6

Pediatric dentistry 6

Periodontology 6

Orthodontics 6

Dental materials 6

Total 200b

aSubjects that include the laws and institutional systems specific to korea.
bThe total number of questions over a single year.
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Terminology” glossary. Questions that included multimedia 
and those with tables and graphs not officially provided due 
to privacy and copyright protection were excluded. The three 
subjects with regional characteristics comprised a total of 
207 questions, and the remaining 18 subjects comprised 777 
questions.

2.3   |   Prompt Engineering and Data Input Methods

Prompt engineering, which significantly impacts the output 
results, involved standardizing prompts that were consistently 
input for each question as follows: “You are a student taking 
this exam. The exam consists of multiple-choice questions, and 
you must select only one answer that is most appropriate. You 
are free to search and utilize necessary information through 
the internet. Which of the following best represents the most 
appropriate answer?” Moreover, chat sessions were reset for 
every question to prevent memory retention and in-context 
learning from influencing the results. Examples of prompts and 
responses input in English for each of the LLMs are shown in 
Figure 2. The same prompts were used for the Korean inputs, as 
detailed in Figure S1.

Responses were classified as correct or incorrect. A correct 
response was defined as providing precisely one correct an-
swer. Incorrect responses included incorrect answers, re-
sponses with two or more answers, or a failure to provide an 
answer. Each question was asked only once, and any incor-
rect, multiple, or indeterminate responses were categorized as 
incorrect.

2.4   |   Statistical Analysis

The obtained data were entered into Microsoft Excel. All sta-
tistical calculations were performed using the SPSS software 
package (SPSS Inc., Chicago, IL, USA). A two-way analysis of 
variance (ANOVA) was used to examine the impacts of LLMs 
(Gemini, GPT-3.5, and GPT-4) and language (Korean and 
English) on accuracy. Tukey's Honestly Significant Difference 
(HSD) post hoc test was applied to compare the mean accuracy 
scores between the AI models. The statistical significance was 
set at p < 0.05.

3   |   Results

Table 2 Demonstrates the annual accuracy results of each LLM. 
GPT-4 achieved the highest accuracy rates annually, surpass-
ing the pass threshold each year in both language versions. In 
particular, it showed high accuracy in the English version, with 
over 70% accuracy on average. In the Korean version, Gemini 
and GPT-3.5 did not fulfill the passing criteria, whereas, in the 
English version, they nearly fulfilled the established passing cri-
teria. Notably, the accuracy in the English version was consis-
tently higher than in the Korean version across all models, with 
both GPT-3.5 and Gemini showing significant improvements in 
English. However, in the Korean version, GPT-3.5 had the low-
est accuracy among the models tested. Statistical analysis indi-
cated significant effects of model type (p < 0.001) and language 
(p < 0.001) on accuracy, with a notable interaction between the 
two factors (p < 0.001). Tukey's HSD post hoc comparisons re-
vealed significant differences in accuracy across all models, with 

FIGURE 1    |    The flow chart and targeted questions used in the study.
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GPT-4 consistently demonstrating higher accuracy than Gemini 
(p < 0.001) and GPT-3.5 (p < 0.001). Furthermore, Gemini 
showed a significant improvement over GPT-3.5 (p = 0.002).

Table  3 Shows the accuracy rates of LLMs in the Korean ver-
sion of the Korean National Dental Hygienist Examination com-
pared to the passing rates of Korean dental hygiene students. 
GPT-4 achieved the highest average accuracy at 65.9%, peaking 
at 70.3% in 2023, yet it remained below the students' average 
passing rate of 81.9%. Gemini averaged 51.1%, with its highest 

accuracy at 58.2% in 2023, while GPT-3.5 had the lowest average 
at 37.7%, with a significant low of 30.3% in 2020.

Table  4 Shows the subject-specific accuracy results of each 
LLM. GPT-4 surpassed the passing criterion of 40% in all sub-
jects except dental statistics. Conversely, Gemini and GPT-3.5 
failed to meet the passing threshold in several subjects. 
Overall, the English version showed higher accuracy across all 
subjects. The discrepancy in performance among the AI mod-
els was less pronounced in the English version. The highest 

FIGURE 2    |    Examples of the prompts and corresponding responses input into the LLMs in English version. (a) Gemini, (b) ChatGPT-3.5, and (c) 
ChatGPT-4.
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accuracy in the Korean version was achieved by GPT-4 in oral 
microbiology at 92%, followed by oral physiology at 88.6%. 
In the English version, GPT-4 also led in oral pathology with 
94.3% accuracy and in oral histology and embryology, as well 
as oral physiology, with 91.4% accuracy each. The lowest ac-
curacy was observed in dental statistics, where GPT-3.5 scored 
14.7% in the Korean version and Gemini scored 23.5% in the 
English version.

Table  5 Presents the performance results of the LLMs across 
three subjects with localized characteristics. Contrary to previ-
ous results where GPT-4 consistently exceeded the pass thresh-
old, this time, it fell short, except for the year 2022. In some 
instances, Gemini and GPT-3.5 demonstrated higher accuracy 
than GPT-4. Furthermore, in 2023, all models failed to surpass 
the pass threshold. The subject-specific accuracy results re-
vealed particularly low performances in health and medical law, 
with Gemini displaying higher accuracy than GPT-4.

Table  6 Illustrates the distribution of incorrect responses for 
each LLM. Incorrect answers were categorized as indeterminate 
or multiple answers. Gemini had a higher proportion of multiple 
answers, whereas GPT-4 showed a significantly higher rate of 
indeterminate answers than the other LLMs. Table 7 provides 
a distribution of incorrect responses by subject. Incorrect an-
swers were relatively evenly distributed across various subjects, 
and GPT-4 exhibited a significantly higher rate of incorrect re-
sponses in health and medical law and dental statistics.

4   |   Discussion

In this study, we assessed the performance of Gemini, GPT-3.5, 
and GPT-4 on the Korean National Dental Hygienist Examination 
questions presented in both Korean and English. Analysis of 
5 years of data revealed that GPT-4 consistently outperformed 
the other models, meeting the passing criteria across all years. 
In contrast, Gemini and GPT-3.5 fell short in the Korean ver-
sion but reached or nearly reached passing scores in the English 
version. The improvement in accuracy for all LLMs when using 
English inputs, particularly for GPT-3.5, suggests that these 
models may be more adept at processing English due to more 
comprehensive training data in that language. Statistical analy-
sis showed significant differences in accuracy among the mod-
els (p < 0.001), with GPT-4 significantly outperforming Gemini 
and GPT-3.5 across all subjects, highlighting its more refined 
language comprehension and processing capabilities.

The interaction between language and model performance was 
also significant (p < 0.001), indicating that LLM performance 
varies depending on the language used. GPT-4's higher perfor-
mance in English likely reflects the influence of the more exten-
sive training data available for English processing. Consistent 
with the findings of Yamaguchi et  al. [15] GPT-4's superior 
performance across both languages suggests advancements in 
AI training algorithms and data quality. This aligns with Lee 
et al. [16] results, where GPT-4 demonstrated higher accuracy 
in emergency medicine, further emphasizing its potential in 

TABLE 2    |    Accuracy comparison in the performance of each of LLM.

Average 2019 2020 2021 2022 2023

Korean version

Gemini (%) 51.1 49.4 40.1 54.8 53.2 58.2

GPT 3.5 (%) 37.7 45.5 30.3 36.3 37.2 39.2

GPT 4 (%) 65.9 63.6 67.1 61.8 66.7 70.3

English version

Gemini (%) 61.7 59.7 58.6 58 64.7 67.7

GPT 3.5 (%) 61.3 54.5 67.8 59.2 62.2 62.7

GPT 4.0 (%) 74.2 74.7 69.7 74.5 73.7 78.5

TABLE 3    |    Comparative analysis of the LLM accuracy rates and Korean Dental Hygiene Students National Examination passing rates (2019–2023).

Accuracy rate 
of Gemini (%)

Accuracy rate 
of GPT-3.5 (%)

Accuracy rate 
of GPT-4 (%)

Passing rate of korean dental 
hygiene students (%)

Average 51.1 37.7 65.9 81.9

2019 49.4 45.5 63.6 84.6

2020 40.1 30.3 67.1 74.1

2021 54.8 36.3 61.8 80.8

2022 53.2 37.2 66.7 82.1

2023 58.2 39.2 70.3 88



272 International Journal of Dental Hygiene, 2025

TABLE 4    |    Comparative analysis of the subject-specific accuracies of the LLMs.

Subject Gemini (%) GPT-3.5 (%) GPT-4.0 (%)

Korean version

Oral anatomy 42.9 17.1 51.4

Dental morphology 37.5 28.1 53.1

Oral histology and embryology 57.1 45.7 77.1

Oral pathology 65.7 42.9 82.9

Oral physiology 65.7 54.3 88.6

Oral microbiology 80 68 92

Dental statistics 23.5 14.7 29.4

Oral health education 68 58 70

Preventive dentistry 49.4 32.6 55.1

Oral prophylaxis 43.9 37.8 49

Dental radiology 40 34 72

Oral and maxillofacial surgery 70 50 76.7

Prosthodontics 48.3 37.9 72.4

Conservative dentistry 44.8 31 69

Pediatric dentistry 50 30 70

Periodontology 44.8 34.5 75.9

Orthodontics 58.6 37.9 72.4

Dental materials 75.9 41.4 86.2

English version

Oral anatomy 77.1 80 88.6

Dental morphology 46.9 46.9 59.4

Oral histology and embryology 80 77.1 91.4

Oral pathology 85.7 74.3 94.3

Oral physiology 82.9 85.7 91.4

Oral microbiology 84 80 88

Dental statistics 23.5 32.4 35.3

Oral health education 68 70 74

Preventive dentistry 47.2 47.2 58.4

Oral prophylaxis 42.9 50 62.2

Dental radiology 58 60 81

Oral and maxillofacial surgery 86.7 73.3 80

Prosthodontics 79.3 58.6 82.8

Conservative dentistry 55.2 69 82.8

Pediatric dentistry 53.3 50 73.3

Periodontology 93.1 82.8 82.8

Orthodontics 62.1 48.3 72.4

Dental materials 72.4 69 89.7
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complex decision-making scenarios within medical education 
and diagnostics.

However, the study raises concerns about potential biases 
in AI models predominantly trained on English data, which 
could limit their effectiveness in non-English speaking regions. 
Addressing these biases requires more linguistically diverse 
datasets and innovations in model training to better accommo-
date different languages and cultures [17, 18].

The analysis of LLMs on the Korean version of the dental hy-
giene examination revealed significant inconsistencies in per-
formance compared to the more stable and higher passing 
rates of Korean dental hygiene students (Table 3). While GPT-4 
maintained the highest average performance among the LLMs 
at 65.9%, its accuracy fluctuated annually, ranging from 63.6% 
in 2019 to 70.3% in 2023. Gemini and GPT-3.5 also exhibited 
significant variability, with Gemini's performance oscillating 
between 49.4% and 58.2%, and GPT-3.5 ranging from 45.5% to 
39.2%. These variations starkly contrast with the consistent 
passing rates of human examinees, which remained above 74%. 
This gap highlights the challenges in developing AI systems that 
can match human understanding and reasoning in specialized 
fields. The inconsistencies of the models in this study underscore 
the difficulty of equipping LLMs with the depth of professional 
knowledge required in the field of dental hygiene.

Table  4 Illustrates the considerable variations in the perfor-
mances of different LLMs. While GPT-4 met the passing criteria 
across all subjects except dental statistics, Gemini and GPT-3.5 
did not reach the threshold in certain areas. The highest accura-
cies were seen with GPT-4 in oral microbiology, oral physiology, 
and dental materials, suggesting these subjects may be less af-
fected by linguistic or regional conditions. Conversely, all mod-
els exhibited lower accuracy in dental statistics, which might 
be due to the requirement for higher-order abstract reasoning 
and interpretation of specialized indices within dentistry. The 
generally low performance in dental morphology could be due 
to the complex nature of dental anatomical terms and special-
ized terminology that may not translate precisely from Korean 

to English. The recent utilization of LLMs as supplementary 
learning tools for educational purposes is experiencing an up-
ward trend [19–22]. Although LLMs offer the potential to func-
tion like private tutors, enhancing the student's ability to pass 
examinations, caution must be exercised because passing an 
exam does not necessarily mean that the correct answers are 
being provided. The effectiveness of LLMs varies significantly 
across different subjects within the dental curriculum, neces-
sitating a subtle approach to their application. For instance, as 
shown in Table 4, the LLMs performed well in areas relying on 
memorization, but their utility was limited in subjects that re-
quired critical thinking and data interpretation. These findings 
indicate that although LLMs can enhance traditional educa-
tional methods by providing immediate, accurate information 
in certain areas, they have inherent limitations. Considering 
the potential for students to use LLMs as private teachers in 
the future, they must be integrated into dental education along-
side traditional methods, thus playing a complementary role. 
Developing guidelines for the effective use of LLMs will be es-
sential to this process.

The study also highlights the potential of LLMs like GPT-4 
as educational support tools in standardized testing [23, 24]. 
However, it emphasizes the need for continuous improvement, 
particularly for nuanced details and questions in languages 
other than English. Furthermore, the cost of accessing advanced 
LLMs like GPT-4 could be a barrier for students, especially in re-
gions with limited financial resources, potentially exacerbating 
educational disparities [25]. The future development and imple-
mentation of LLMs in education must consider these economic 
issues and investigate ways to make these sophisticated tools 
more accessible to a wider variety of users. Furthermore, for 
educators, LLMs can enhance educational activities by helping 
create instructional materials, such as quizzes and interactive 
content, and by assisting in assessing student performance to 
identify areas needing further attention [26]. This enables more 
targeted and effective teaching strategies. However, educators 
must address potential biases to ensure the accuracy and reli-
ability of the data and remain mindful of privacy considerations 
[27, 28].

TABLE 5    |    Accuracy comparison in the performance analysis of LLMs on localized characteristics questions.

Localized characteristics questions

2019 2020 2021 2022 2023

Gemini (%) 53.7 59.5 62.5 45.2 19

GPT 3.5 (%) 41.5 52.4 52.5 35.7 21.4

GPT 4.0 (%) 58.5 35.7 57.5 64.3 28.6

Subject-specific accuracy evaluation

Health and medical law Community oral health
Oral health 

administration

Gemini (%) 43.9 47.5 47.5

GPT 3.5 (%) 32.7 44.1 44.1

GPT 4.0 (%) 39.8 59.3 59.3
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Analysis of the performances on localized characteristic ques-
tions (Table  5) provided a nuanced view of AI capabilities, 
showing variability across all models over the years, with GPT-4 
generally exhibiting higher accuracy, except in 2020 and 2021. 
This raises questions about the adaptability of models to changes 
in exam content or format. LLMs struggled with health and 
medical law, which requires a deep understanding of national 
regulations, though GPT-4 showed a slight advantage. In sub-
jects like community oral health and oral health administration, 
GPT-4 performed better, although inconsistently. These findings 

emphasize the need for careful application of such models, as 
current training may not fully encompass the depth needed for 
understanding localized topics.

Tables  6 and 7 Show the distribution of incorrect responses, 
highlighting the challenges AI models face in mastering den-
tal professional knowledge. A significant proportion of GPT-4's 
incorrect answers were concentrated in health and medical law 
and dental statistics, while Gemini exhibited a broader distri-
bution of errors. GPT-4 also had a higher rate of indeterminate 
responses (14.2%) compared to Gemini and GPT-3.5 (0.3%), sug-
gesting uncertainty in areas requiring nuanced understanding.

To assess the impact of indeterminate responses on GPT-4's per-
formance, we conducted a sensitivity analysis by excluding these 
responses from the dataset. The recalculated accuracy for GPT-4 
increased from 42.0% to 45.7%, indicating a 3.7% improvement. 
This suggests that indeterminate responses contributed signifi-
cantly to the lower accuracy scores observed in the initial analy-
sis. Despite this increase, GPT-4's performance ranking relative 
to other models remains consistent, although the overall accu-
racy is enhanced.

There are several limitations to consider in this study. First, 
the performance evaluation on questions with localized char-
acteristics was limited to Korean input, restricting comparative 
language analysis. Second, some questions were excluded from 
the analysis due to copyright issues, which may have impacted 
the statistical outcomes. Third, the frequency of model updates 
and improvements could influence the results, as the current 
performance and findings are based on the LLMs' responses as 
of April 2024, which may differ in the future. Additionally, the 
study did not fully explore the potential impact of cultural and 
linguistic nuances in other languages, which could further af-
fect the performance of these models.

This study marks a significant step in evaluating LLM per-
formance on Korean National Dental Hygienist Examination 
questions. The superior performance of GPT-4, regardless of 
language, suggests its potential applications in dental hygiene 
and education. However, the results also highlight the need for 
model training using datasets that reflect national languages 
and cultural contexts. Future research should focus on develop-
ing methodologies for evaluating LLMs in multilingual settings 
and improving their proficiency in handling specialized content 
across different languages.

In conclusion, while LLMs like GPT-4 show promise in educa-
tional support and standardized testing, their application must 

TABLE 6    |    Distribution of incorrect responses for each LLM.

Incorrect 
answers (n)

Indeterminate 
answers (n)

Percentage of 
indeterminate answers (%)

Multiple 
answers (n)

Percentage of multiple 
answers (%)

Gemini 800 2 0.3 20 2.5

GPT-3.5 892 3 0.3 1 0.1

GPT-4 571 81 14.2 4 0.7

Abbreviation: n, number.

TABLE 7    |    Distribution of incorrect responses based on the subject 
category.

Subject
Gemini 

(n)
GPT-

3.5 (n)
GPT-4 

(n)

Health and medical law 2 35

Oral anatomy 1

Oral histology and 
embryology

2

Oral physiology 1 1

Oral microbiology 1

Community oral health 2 3

Oral health 
administration

1

Dental statistics 1 1 20

Oral health education 1

Preventive dentistry 4 5

Oral prophylaxis 6 6

Dental radiology 2 1 3

Oral and maxillofacial 
surgery

1

Prosthodontics 1 1

Conservative dentistry 2

Pediatric dentistry 2

Periodontology 2 1

Orthodontics 2

Total 22 4 85

Abbreviation: n, number.
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be carefully managed, particularly in non-English dominant 
contexts. Addressing the limitations and biases identified in 
this study is essential for enhancing the models' effectiveness in 
global healthcare and education.

5   |   Conclusion

This study evaluated the performance of three large lan-
guage models—Gemini, GPT-3.5, and GPT-4—on the Korean 
National Dental Hygienist Examination in both Korean and 
English. The findings indicate that GPT-4 holds significant 
potential for application in medical education, particularly in 
standardized testing, due to its superior accuracy, especially in 
English. However, the variability in performance across differ-
ent subjects and languages highlights the need for ongoing im-
provements in these models. These improvements should focus 
on integrating more diverse and localized training datasets to 
enhance their effectiveness in multilingual and multicultural 
contexts.

Scientific Rationale for the Study

Assess the effectiveness of large language models (LLMs) like 
Gemini, GPT-3.5, and GPT-4 in dental hygiene education by 
evaluating their performance on the Korean National Dental 
Hygienist Examination.

Principal Findings

GPT-4 consistently outperformed other models, notably in 
English, though all models exhibited variability in specialized 
subjects such as health and medical law.

Practical Implications

The study underscores the potential of LLMs to enhance dental 
hygiene training but emphasizes the need for targeted improve-
ments. Enhancing their ability to handle specialized content 
and multilingual environments is crucial for integrating LLMs 
effectively into diverse educational frameworks.
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