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Abstract
Background  Artificial intelligence (AI), such as ChatGPT-4 from OpenAI, has the potential to transform medical 
education and assessment. However, its effectiveness in specialized fields like prosthodontics, especially when 
comparing base to fine-tuned models, remains underexplored. This study evaluates the performance of ChatGPT-4 
on the US National Prosthodontic Resident Mock Exam in its base form and after fine-tuning. The aim is to determine 
whether fine-tuning improves the AI’s accuracy in answering specialized questions.

Methods  An official sample questions from the 2021 US National Prosthodontic Resident Mock Exam was used, 
obtained from the American College of Prosthodontists. A total of 150 questions were initially considered, and 
resources were available for 106 questions. Both the base and fine-tuned models of ChatGPT-4 were tested under 
simulated exam conditions. Performance was assessed by comparing correct and incorrect responses. The Chi-square 
test was used to analyze accuracy, with significance set at p < 0.05. The Kappa coefficient was calculated to measure 
agreement between the models’ responses.

Results  The base model of ChatGPT-4 correctly answered 62.7% of the 150 questions. For the 106 questions with 
resources, the fine-tuned model answered 73.6% correctly. The Chi-square test showed a significant improvement in 
performance after fine-tuning (p < 0.001). The Kappa coefficient was 0.39, indicating moderate agreement between 
the models (p < 0.001). Performance varied by topic, with lower accuracy in areas such as Implant Prosthodontics, 
Removable Prosthodontics, and Occlusion, though the fine-tuned model consistently outperformed the base model.

Conclusions  Fine-tuning ChatGPT-4 with specific resources significantly enhances its accuracy in answering 
specialized prosthodontic exam questions. While the base model provides a solid baseline, fine-tuning is essential for 
improving AI performance in specialized fields. However, certain topics may require more targeted training to achieve 
higher accuracy.
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Background
Artificial intelligence (AI) and large language models 
(LLMs), such as ChatGPT-4 (OpenAI, San Francisco, 
CA, USA, 2024), are increasingly used in medical and 
dental education, including licensing assessments [1, 2]. 
While their performance has shown promise in general 
dental exams, their effectiveness in subspecialties like 
prosthodontics remains underexplored. Assessing AI 
accuracy in this focused domain may reveal its limita-
tions and potential as a supplementary tool for postgrad-
uate exam preparation [3].

Chau et al. found that ChatGPT 3.5 and 4.0 correctly 
answered 68.3% and 80.7% of U.S. dental licensing 
exam questions, respectively [4]. Similarly, Danesh et 
al. reported 61.3% and 76.9% accuracy for ChatGPT 3.5 
and 4 across national U.S. dental exams [5], though AI 
errors still occur [6]. Other studies have evaluated Chat-
GPT’s performance in Japan’s dental hygienist exam [7] 
and U.S. dental tests like INBDE and ADAT [8], empha-
sizing the need for targeted training to improve model 
performance.

This study uses “fine-tuning” to refer to contextual 
prompting (in-context learning), where domain-specific 
materials are added during the prompt, not through 
model retraining [9]. This strategy, supported by recent 
research, helps LLMs deliver more accurate responses 
without altering the underlying model [9].

The U.S. National Prosthodontic Resident Exam, 
administered by the American Board of Prosthodon-
tics (ABP), includes multiple-choice, case-based, and 
applied questions covering key topics like dental mate-
rials and treatment planning [10, 11]. As such, it serves 
as a robust benchmark for evaluating AI performance in 
prosthodontics.

This study evaluates ChatGPT-4’s accuracy on prosth-
odontic board-style questions in both its base form and 
after contextual prompting. It tests two null hypotheses: 
[1] ChatGPT-4 would not provide accurate responses for 
the American Prosthodontics Board Examination; and 
[2] no significant performance difference would exist 
between the base and contextually prompted models. To 
our knowledge, no prior study has examined the effects 
of contextual prompting using prosthodontics-specific 
resources. This work aims to fill that gap and inform 
how AI tools can be optimized for specialized medical 
education.

Materials and methods
Study design
This study was an observational cross-sectional analy-
sis conducted according to the STROBE (Strengthening 

the Reporting of Observational Studies in Epidemiol-
ogy) guidelines to ensure transparent and comprehensive 
reporting [12].

Ethical approval
As the study involved secondary data analysis without 
human subjects or patient interaction, ethical approval 
was not required [13].

Data source
The dataset consisted of questions and answers from 
the 2021 National Prosthodontic Resident Mock Exam, 
obtained from the American College of Prosthodon-
tists (ACP) website. Due to ACP limitations, the full set 
of questions cannot be included as a supplementary file. 
The questions were knowledge-based and derived from 
a variety of established prosthodontic references, which 
were cited individually for each question.

The 2021 US National Prosthodontic Resident Mock 
Exam included 150 multiple-choice questions, each with 
only one correct answer. The official answers were taken 
directly from the ACP website. Of these 150 questions, 
supporting resources were available for 106 questions. 
The base model received all 150 questions using a specific 
prompt, while the fine-tuned model received only the 
106 questions that had accompanying references.

Study phases
The questions were submitted to ChatGPT-4 Plus (April 
2024 version) using one Plus account. A new chat session 
was created for each model, and upon completion of base 
model testing, that session was deleted before starting 
the fine-tuned model testing. Each model received each 
question only once, without any indication of whether 
the prior answer was correct or incorrect, in order to rep-
licate a real exam environment and minimize response 
bias.

The study was conducted in two main phases:

Base model testing

 	• The initial phase involved testing the base model of 
ChatGPT-4 without any prior fine-tuning. At first 
the initial prompt was placed, then on each next 
prompt one question was inserted and asked the 
model to answer the question. After answering the 
question, without any response to whether it was 
correct or wrong we asked the next question. The 
prompt used was:
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“You are a prosthodontist taking the 2021 US National 
Prosthodontic Resident Exam. Please choose the best 
answer for the following question based on your current 
knowledge.”

Fine-tuned model testing

 	• In the subsequent phase, the model was fine-tuned 
through contextual prompting, also referred to as 
in-context learning. This involved providing domain-
specific reference materials (such as textbook 
excerpts, clinical guidelines, peer-reviewed journal 
content) during the same prompt session as the 
corresponding question. These contextual resources 
were drawn from the authoritative prosthodontic 
sources listed in the ACP’s answer key. For each 
question, the prompt included both the question 
and a relevant excerpt from its cited resource. This 
method relied strictly on contextual input provided 
at inference time, without any model retraining or 
architectural modifications. The following prompt 
was used:

“You are a prosthodontist taking the 2021 US National 
Prosthodontic Resident Exam. Please read the provided 
PDF file and then choose the best answer for the follow-
ing question.”

Statistical analysis
The responses from both the base model and the fine-
tuned model were collected and compared to evaluate 
the AI’s ability to answer the exam questions accurately 
and to assess the impact of fine-tuning on performance.

The Chi-square test was employed to compare the 
response accuracy of the two models of the software. 
Additionally, the Kappa agreement coefficient was cal-
culated to assess the level of agreement between the 
responses. The significance level for all statistical analyses 
was set at 0.05.

Results
Overall performance
For the base model testing, all 150 exam questions were 
presented to ChatGPT-4. However, for the fine-tuned 
model, we were unable to locate reference materials for 
44 of the questions, limiting the fine-tuned evaluation to 
106 questions. In the base model assessment, ChatGPT-4 
correctly answered 94 out of 150 questions (62.7%), while 
56 questions (37.3%) were incorrect (Table 1). In compar-
ison, the fine-tuned model (ChatGPT-tuned) achieved 
78 correct answers out of 106 questions (73.6%), with 28 
questions (26.4%) answered incorrectly. (Table 2; Fig. 1).

In Table  2, the analysis included 106 questions com-
mon to both models of the software.

Comparative analysis
The Chi-square test was applied to compare the accuracy 
of responses between the two models. The results indi-
cated a significant improvement in performance with 
fine-tuning (p < 0.001), demonstrating that the ChatGPT-
tuned model performed better overall.

The Kappa agreement coefficient between the base 
model and the fine-tuned model was 0.39, which is sta-
tistically significant (p < 0.001) and indicates moderate 
agreement between the two models in their responses 
(Table 3).

Fig. 1  Performance comparison of ChatGPT-4 in base and contextually prompted conditions. Bars show both correct and incorrect answer percentages
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Topic-specific performance
Further analysis by question type, as presented in Table 2, 
showed no significant difference in response accuracy 
between the two models across specific topics. This indi-
cates that while there is a general improvement in accu-
racy with fine-tuning, it is not related to the specific type 
of questions. For the base model (ChatGPT), the lowest 
correct response rates were observed in Implant Prosth-
odontics (60%), Removable Prosthodontics (57.9%), and 
Occlusion (57.1%), corresponding to incorrect response 
rates of 40%, 42.1%, and 42.9%, respectively. In the con-
textually prompted model, the lowest correct response 
rates were also seen in Implant Prosthodontics (64.3%), 
Removable Prosthodontics (66.7%), and Occlusion 
(66.7%), corresponding to incorrect response rates of 
35.7%, 33.3%, and 33.3%, respectively.

Discussion
Main findings
The evaluation of ChatGPT-4’s performance on the 2021 
US National Prosthodontic Resident Mock Exam pro-
vides important insights into the AI’s capabilities and 
limitations. This study aimed to assess how well the base 
model of ChatGPT-4 performs in a specialized field like 
prosthodontics and to evaluate the improvements gained 
through fine-tuning with targeted resources. The first 
null hypothesis stated that ChatGPT-4 would not be able 
to provide accurate responses for the American Prosth-
odontic Board Examination. This hypothesis was rejected 
because the base model of ChatGPT-4 achieved a correct 
answer rate of 62.7% on 150 questions, demonstrating a 
moderate level of accuracy even without additional sup-
port. This result suggests that the model, even in its base 
form, possesses substantial domain-relevant knowledge.

The second null hypothesis proposed that there would 
be no significant performance difference between the 
base model and the contextually prompted model. This 
hypothesis was also rejected. The contextually prompted 
model correctly answered 73.6% of 106 questions, signifi-
cantly outperforming the base model’s 64.2% accuracy on 
the same set. The difference was statistically significant 
according to the Chi-square test (p < 0.001), indicating 
that contextual prompting substantially improved the 
model’s performance.

The results show that the non-fine-tuned model of the 
ChatGPT-4 achieved a correct response rate of 62.7% on 
the 150 questions from the prosthodontic exam (Table 1). 
This baseline performance is notable given the complex-
ity and specificity of the exam content. The fact that 
nearly two-thirds of the answers were correct suggests 
that ChatGPT-4, even without fine-tuning, has a substan-
tial amount of general knowledge relevant to the field of 
prosthodontics. However, the 37.3% incorrect response 
rate highlights the limitations of a general-purpose AI 

when applied to specialized domains without additional 
training.

Fine-tuning with specific resources for each question 
led to a significant improvement in ChatGPT-4’s per-
formance. As shown in Table  2, the fine-tuned model 
(ChatGPT-tuned) correctly answered 73.6% of the 106 
questions, compared to 64.2% by the non-fine-tuned 
model. This enhancement underscores the importance 
of providing targeted information to AI models, which 
improves their ability to deliver accurate and relevant 
responses in specialized fields. Statistical analysis using 
the Chi-square test confirmed that this improvement in 
performance was significant (p < 0.001).

A detailed analysis of performance across different top-
ics reveals additional insights. Both models of the Chat-
GPT-4 showed varying levels of accuracy across subjects. 
For instance, the non-fine-tuned model struggled par-
ticularly with topics like Esthetics, Implant Surgery, and 
Occlusion, where the correct response rates were notably 
lower (Table 1). Although the fine-tuned model exhibited 
improvements in these areas, challenges persisted.

For example, in the category of Implant Prosthodon-
tics, the non-fine-tuned model had a correct response 
rate of 60%, which increased to 64.3% after fine-tuning 
(Table 2).

Comparison with the existing evidence
Despite these gains, certain areas, such as Implant Sur-
gery, continued to show relatively low accuracy even after 
fine-tuning, suggesting that more intensive or specialized 
training may be needed to further enhance performance. 
A study by Freire et al. [14]. highlighted ChatGPT’s limi-
tations in generating answers related to Removable Den-
tal Prostheses (RDPs) and tooth-supported Fixed Dental 
Prostheses (FDPs). Our study found that only 11 out of 
19 questions related to RPDs (57.9%) were answered cor-
rectly, indicating potential gaps in the AI’s knowledge. 
Dashti et al. [6]. also demonstrated that the ChatGPT 
software can assist dentists and dental students in pre-
paring for U.S. dental examinations. Chau et al. study 
on U.S., and U.K. dental licensing examinations, scored 
80.7% and 62.7% with ChatGPT 4.0 [4]. Danesh et al., 
showed that ChatGPT 4 scored 76.9% respectively on 
questions that obtained from different national U.S. den-
tal examinations sources [5]. They both show that Chat-
GPT 4 can be used for helping students on taking dental 
licensing examinations.

A recent study by Eraslan et al. evaluated five widely 
used AI chatbots, including ChatGPT-3.5, across 126 
prosthodontics questions from the Dentistry Special-
ization Residency Examination (DSRE). Their results 
showed variable performance, with Microsoft Copi-
lot achieving the highest accuracy at 73%, while Chat-
GPT-3.5 scored 61.1%. Notably, the lowest accuracy 
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was observed in the subtopic of removable partial den-
tures (50.8%), a trend consistent with our study’s find-
ings where both base and fine-tuned ChatGPT-4 models 
struggled with Removable Prosthodontics [15]. This 
cross-study similarity suggests that certain prosthodon-
tic subdomains present consistent challenges across 
AI models and highlights the need for targeted training 
in these areas. Unlike Eraslan’s study, which used static 
chatbot models without fine-tuning, our work dem-
onstrates how contextual prompting can significantly 
improve performance, suggesting a potential path for-
ward for optimizing AI-driven educational support tools.

In comparison with the study by Künzle and Paris [16], 
which assessed ChatGPT-3.5, 4.0, and 4.0o on restor-
ative and endodontics questions, our findings similarly 

underscore the superior performance of ChatGPT-4.0 
on specialized dental assessments. However, while their 
focus remained on baseline model accuracy across differ-
ent model versions, our study contributes novel insights 
by simulating real-world exam settings and applying con-
textual prompting for performance enhancement within 
a single model iteration. Similarly, Revilla-León et al. 
[17] reported that ChatGPT-4.0 outperformed not only 
ChatGPT-3.5 but also licensed dentists in the European 
Certification in Implant Dentistry exam. Unlike these 
prior studies that focused on model comparison or out-
performing humans, our study emphasizes fine-tuning 
strategies and their implications for educational support 
tools. These distinctions underscore the originality of our 

Table 1  ChatGPT answers to the examination questions
ChatGPT

Total Correct Incorrect
Overall 150 94 62.7% 56 37.3%
Topic
Anatomy 7 5 71.4% 2 28.6%
Caries 3 2 66.7% 1 33.3%
Dx & Tx Plan 4 3 75% 1 25.0%
Dx & Tx Planning 1 1 100% 0 0.0%
EBD 3 2 66.7% 1 33.3%
Emerging Tech 2 1 50% 1 50.0%
Emerging Technology 1 1 100% 0 0.0%
Endo 1 0 0.0% 1 100%
Esthetics 5 2 40% 3 60%
Fixed Pros 11 6 54.5% 5 45.5%
Geriatrics 1 1 100% 0 0.0%
Implant Pros 15 9 60% 6 40%
Implant Pros/Esthetics 1 0 0.0% 1 100%
Implant Surg 1 0 0.0% 1 100%
Implant Surgery 8 3 37.5% 5 62.5%
Infection Control 1 0 0.0% 1 100%
Lab Procedures 4 3 75% 1 25.0%
MF 4 1 25% 3 75%
Materials 15 11 73.3% 4 26.7%
Medical Emergencies 2 2 100% 0 0.0%
Occlusion 14 8 57.1% 6 42.9%
Oral Path 4 4 100% 0 0.0%
Pain Control 1 1 100% 0 0.0%
Perio 5 4 80% 1 20%
Pharm 3 2 66.7% 1 33.3%
Pre Pros Surgery 2 1 50% 1 50%
Radiology 2 2 100% 0 0.0%
Removable Pros 19 11 57.9% 8 42.1%
Risk Assessment 1 1 100% 0 0.0%
Sleep Apnea 3 2 66.7% 1 33.3%
TMD 4 3 75% 1 25%
Wound Healing 2 2 100% 0 0.0%
Note: Abbreviations used in the table: EBD = Evidence-Based Dentistry; Dx = Diagnosis; Tx = Treatment; Pros = Prosthodontics; Endo = Endodontics; Fixed Pros = Fixed 
Prosthodontics; Implant Pros = Implant Prosthodontics; Implant Surg = Implant Surgery; MF = Maxillofacial; Oral Path = Oral Pathology; Perio = Periodontics; 
Pharm = Pharmacology; Pre Pros Surgery = Pre-Prosthetic Surgery; Removable Pros = Removable Prosthodontics; TMD = Temporomandibular Disorder
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approach in evaluating AI augmentation via in-context 
learning within a prosthodontics-specific domain.

The Kappa agreement coefficient between the base and 
fine-tuned models was 0.39 (p < 0.001), indicating mod-
erate agreement (Table  3). This suggests that while the 

fine-tuned model performed better overall, there was 
still considerable variability in responses between the 
two models. The moderate Kappa coefficient also reflects 
the complexity of the subject matter and the inherent 

Table 2  Comparing the answers of the ChatGPT and ChatGPT-tuned to the examination questions
Total ChatGPT ChatGPT-tuned P-value*

Correct Incorrect Correct Incorrect
Overall 106 68 64.2% 38 35.8% 78 73.6% 28 26.4% < 0.001
Topic
Anatomy 3 3 4.4% 0 0.0% 2 2.6% 1 3.6% 0.708
Caries 3 2 2.9% 1 2.6% 1 1.3% 2 7.1% 0.500
Dx & Tx Plan 3 2 2.9% 1 2.6% 3 3.8% 0 0.0% 0.501
Dx & Tx Planning 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
EBD 2 2 2.9% 0 0.0% 2 2.6% 0 0.0% -
Emerging Tech 2 1 1.5% 1 2.6% 2 2.6% 0 0.0% 0.500
Emerging Technology 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
Endo 1 0 0.0% 1 2.6% 1 1.3% 0 0.0% -
Esthetics 3 1 1.5% 2 5.3% 3 3.8% 0 0.0% 0.200
Fixed Pros 8 4 5.9% 4 10.5% 5 6.4% 3 10.7% 0.500
Geriatrics 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
Implant Pros 14 9 13.2% 5 13.2% 12 15.4% 2 7.1% 0.192
Implant Pros/Esthetics 1 0 0.0% 1 2.6% 1 1.3% 0 0.0% 0.500
Implant Surg 1 0 0.0% 1 2.6% 0 0.0% 1 3.6% -
Implant Surgery 5 2 2.9% 3 7.9% 5 6.4% 0 0.0% 0.083
Infection Control 1 0 0.0% 1 2.6% 0 0.0% 1 3.6% -
Lab Procedures 2 2 2.9% 0 0.0% 2 2.6% 0 0.0% -
MF 4 1 1.5% 3 7.9% 1 1.3% 3 10.7% 0.786
Materials 7 5 7.4% 2 5.3% 5 6.4% 2 7.1% 0.720
Medical Emergencies 0 0 0.0% 0 0.0% 0 0.0% 0 0.0% -
Occlusion 9 6 8.8% 3 7.9% 6 7.7% 3 10.7% 0.690
Oral Path 2 2 2.9% 0 0.0% 2 2.6% 0 0.0% -
Pain Control 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
Perio 5 4 5.9% 1 2.6% 2 2.6% 3 10.7% 0.262
Pharm 0 0 0.0% 0 0.0% 0 0.0% 0 0.0% -
Pre Pros Surgery 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
Radiology 2 2 2.9% 0 0.0% 1 1.3% 1 3.6% 0.500
Removable Pros 15 8 11.8% 7 18.4% 10 12.8% 5 17.9% 0.355
Risk Assessment 1 1 1.5% 0 0.0% 1 1.3% 0 0.0% -
Sleep Apnea 3 2 2.9% 1 2.6% 2 2.6% 1 3.6% 0.800
TMD 2 2 2.9% 0 0.0% 2 2.6% 0 0.0% -
Wound Healing 2 2 2.9% 0 0.0% 2 2.6% 0 0.0% -
confidence level: 0.05
Note: Abbreviations used in the table: EBD = Evidence-Based Dentistry; Dx = Diagnosis; Tx = Treatment; Pros = Prosthodontics; Endo = Endodontics; Fixed Pros = Fixed 
Prosthodontics; Implant Pros = Implant Prosthodontics; Implant Surg = Implant Surgery; MF = Maxillofacial; Perio = Periodontics; Pharm = Pharmacology; Pre Pros 
Surgery = Pre-Prosthetic Surgery; Removable Pros = Removable Prosthodontics; TMD = Temporomandibular Disorder

Table 3  Kappa agreement results between the ChatGPT and the ChatGPT-tuned
ChatGPT-tuned Total Kappa * P-value
Correct Incorrect

ChatGPT Correct 59 (55.7%) 9
(8.5%)

68 (64.2%) 0.39 < 0.001

Incorrect 19 (17.9%) 19 (17.9%) 38 (35.8%)
Total 78 (73.6%) 28 (26.4%)
* Measure of agreement
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challenges in training AI to consistently apply specialized 
knowledge.

Implications for medical education
These findings have significant implications for the use of 
AI in medical education. The enhanced performance of 
the fine-tuned model demonstrates the potential of tai-
lored AI training to improve educational tools. By pro-
viding AI models with specific resources and training 
materials, educators can significantly enhance the accu-
racy and reliability of AI-based educational aids. While 
this study did not assess direct educational outcomes 
such as student performance or learning retention, the 
improved response accuracy of ChatGPT through fine 
tuning and contextual prompting suggests a potential 
role as a supplementary tool for board exam preparation. 
Future studies should explore its utility in real-world 
learning. Moreover, the variability in performance 
across different topics highlights the need for continuous 
refinement of AI training processes. A one-size-fits-all 
approach may not be effective for all subject areas within 
a complex field like prosthodontics. Instead, a dynamic 
and iterative training process, involving multiple rounds 
of fine-tuning and the incorporation of diverse and com-
prehensive training materials, may be necessary to opti-
mize AI performance.

Ethical and pedagogical implications
The ability of large language models such as ChatGPT-4 
to answer licensing exam questions with high accuracy 
raises important questions about the future of assess-
ment in dental and medical education. If AI tools can 
reliably pass standardized tests, this challenges the extent 
to which such exams assess deep understanding, clini-
cal reasoning, or critical thinking. There is also an ethi-
cal dimension regarding the use of AI during preparation 
and potentially during assessment, particularly concern-
ing over-reliance by students or inequitable access to 
such tools. These developments underscore the need to 
rethink exam design, focusing more on skills that AI can-
not replicate and ensuring that AI supports (rather than 
replaces) human learning.

The increasing use of AI in exam preparation raises 
ethical considerations, particularly regarding equi-
table access, over-reliance, and the need for respon-
sible integration into curricula. As Daungsupawong and 
Wiwanitkit [18] highlight, tools like ChatGPT may be 
used unethically if clear guidelines are not established. 
Students may overdepend on AI-generated answers, 
potentially weakening critical thinking and long-term 
knowledge retention. Chau et al. [19] similarly advocate 
for AI to be used as a complement to (not a replacement 
for) human learning. Developing international guidelines 
for ethical AI use in dental education, as suggested by 

organizations such as the WHO and FDI, will be essential 
for ensuring fair and effective implementation of these 
tools.

Limitations and future research
The scope of this study was limited to the prosthodontic 
exam, and the findings may not be generalized to other 
medical or dental specialties. Future research should 
examine the performance of AI models across various 
fields and types of exams to validate these results. Addi-
tionally, this study only compared a baseline model with 
a single session of contextual prompting. No model 
retraining or technical fine-tuning was performed. Fur-
thermore, this study focused solely on model accuracy 
in answering exam questions and did not evaluate edu-
cational outcomes such as student learning, knowledge 
retention, or instructional effectiveness.

Another limitation is the relatively modest sample size, 
particularly the subset of 106 questions used for con-
textual prompting. While the dataset was based on real, 
board-style exam questions, a larger and more diverse 
question pool would provide more robust statistical 
power and allow for deeper topic-specific analysis. Future 
studies should include a broader range of exam content 
to improve generalizability across the full prosthodontic 
curriculum.

Although contextual prompting offers a practical alter-
native to full model fine-tuning, its implementation is not 
without barriers. Access to advanced models like GPT-4 
may be restricted due to licensing, API usage limits, and 
cost, which can limit reproducibility and broader adop-
tion in educational institutions. Additionally, construct-
ing high-quality prompts and curating domain-specific 
content require expert input and technical familiarity. 
These factors should be considered when evaluating the 
scalability and real-world feasibility of implementing 
such AI tools in academic settings.

Another limitation relates to the fine-tuning method 
employed. While contextual prompting provides a flex-
ible and resource-efficient way to enhance model perfor-
mance, it also presents challenges. As noted by Büttner 
et al. [20], transformer-based models such as ChatGPT 
are inherently data-hungry, and static snippets may not 
adequately reflect the full spectrum of clinical reason-
ing required in prosthodontics. This may limit the depth 
and generalizability of AI responses. Additionally, the 
effectiveness of contextual prompting depends on how 
prompts are structured, which introduces variability 
and challenges in standardization. Future work could 
explore integration of structured data, federated learn-
ing, or more dynamic prompt engineering to mitigate 
these issues and ensure broader applicability in dental 
education.
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Topic-specific challenges and future directions
Despite improvements from fine-tuning and contextual 
prompting, certain topics such as Implant Prosthodon-
tics, Occlusion, and Removable Prosthodontics con-
tinued to yield lower accuracy across both the base and 
contextually prompted models. This persistent underper-
formance suggests that these subcategories may involve 
more complex reasoning or less standardized knowledge, 
making them more difficult for large language models to 
handle reliably. These areas often require integration of 
nuanced, patient-specific variables, which are not eas-
ily conveyed through static reference texts. Additionally, 
the contextual materials used may have lacked suffi-
cient depth or clinical specificity. Future research should 
explore the impact of incorporating clinically oriented, 
case-based resources and multimodal inputs (such as 
radiographs or diagrams) to improve AI comprehension 
and accuracy in these challenging domains. Tailoring 
prompts to better reflect diagnostic reasoning pathways 
may further enhance performance in specialized areas of 
prosthodontics.

Conclusion
This study found that contextual prompting significantly 
improved ChatGPT-4’s accuracy on the US Prosthodon-
tic Board Exam mock questions, increasing the correct 
response rate from 62.7 to 73.6%, a statistically signifi-
cant improvement (p < 0.001). These results highlight the 
benefit of providing domain-specific reference materials 
during inference to enhance performance in specialized 
knowledge assessments.

However, persistent challenges were observed in topics 
such as Implant Prosthodontics, Removable Prosthodon-
tics, and Occlusion, suggesting that even with contextual 
support, some subject areas may require more complex 
or multimodal training approaches.

While these findings suggest potential for AI models to 
support exam preparation in prosthodontics, it is impor-
tant to note that this study did not assess student learn-
ing, engagement, or long-term retention. Future research 
should explore the educational implications of using AI 
tools in real-world learning environments and evaluate 
their practical utility within dental curricula.
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