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Use of Artificial Intelligences in undergraduate medical education: a 
scoping review

Davi Ricardo Soares Gama de Amorim1 , Daniel Gondim Malta1 , Abla Vitórya Nejaim Tenório Xavier1 , Rafael 
Vieira de Menezes1 , Hugo Rafael de Souza e Silva1

Introduction: Artificial intelligence (AI) can personalize learning and 
enhance teaching in medical education, yet its use in undergraduate 
training is still little explored. This study mapped scientific production 
on AI in undergraduate medical teaching, identifying gaps and 
evidence for its integration. Methods: A scoping review was conducted 
in accordance with the items of the PRISMA Extension for Scoping 
Reviews, following five stages: (1) formulation of the research question 
using the Population, Concept, Context framework; (2) selection of 
databases and definition of search strategies; (3) export of retrieved 
studies to Rayyan and establishment of eligibility criteria; (4) selection 
of the retrieved articles by two blinded/independent reviewers; and (5) 
construction of a spreadsheet synthesizing the evidence, based on the 
Joanna Briggs Institute Manual for Evidence Synthesis. Results: The 
studies revealed innovative applications of AI in medical education. 
Technologies such as VOA, AmbuBPS, A-LRYNGO, and HipGuide 
supported practical training, enhancing student performance in specific 
procedures. COMET and machine learning–based tools showed results 
comparable to those of human tutors in assessment. Large language 
models, particularly ChatGPT, despite their limitations, showed 
competence in generating and solving questions across disciplines and 
producing medical texts. Interactive games with chatbots and virtual 
patients also demonstrated potential as learning support resources. 
Conclusions: The introduction of artificial intelligence in undergraduate 
medical education has proven beneficial for both teachers and students, 
with a range of applications spanning from enhancing learning dynamics 
to question formulation. However, further rigorous research is necessary 
to deepen understanding of the topic, generalize results, and facilitate 
the full integration of AI.
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Introdução: A inteligência artificial (IA) pode personalizar a 
aprendizagem e aprimorar o ensino em medicina, mas seu uso na 
graduação ainda é pouco explorado. Este estudo mapeou a produção 
científica sobre IA no ensino médico, identificando lacunas e evidências 
para sua integração. Métodos: Foi desenvolvida uma revisão de escopo, 
conforme os itens do PRISMA Extension for Scoping Reviews, que 
seguiu 5 etapas: 1) elaboração da pergunta de pesquisa seguindo o 
método População, Contexto, Conceito; 2) seleção das bases de dados e 
definição das estratégias de busca; 3) exportação dos estudos recuperados 
para o Rayyan e estabelecimento dos critérios de elegibilidade; 4) seleção 
dos artigos resgatados por 2 revisores blindados/independentes; 5) 
construção de uma planilha com a síntese das evidências, segundo o 
modelo Joanna Briggs Institute Manual for Evidence Synthesis. Resultados: 
Os estudos revelaram aplicações inovadoras da inteligência artificial na 
educação médica. Tecnologias como VOA, AmbuBPS, A-LRYNGO e 
HipGuide apoiaram o treinamento prático, melhorando o desempenho 
dos estudantes em procedimentos específicos. O COMET e ferramentas 
baseadas em aprendizado de máquina mostraram resultados comparáveis 
aos de tutores humanos na avaliação. Grandes modelos de linguagem, 
especialmente o ChatGPT, apesar das limitações, demonstraram 
competência em gerar e resolver questões em várias disciplinas e em 
produzir textos médicos. Jogos interativos com chatbots e pacientes 
virtuais também mostraram potencial como recursos de apoio ao 
aprendizado. Conclusões: A introdução da inteligência artificial no 
ensino de graduação em medicina tem se mostrado benéfica tanto para 
professores quanto para alunos, com uma gama de aplicações que vão 
desde a melhoria da dinâmica de aprendizagem até a formulação de 
perguntas. No entanto, é necessária uma investigação mais robusta para 
aprofundar a compreensão do tema, generalizar os resultados e facilitar 
a integração total da IA.

Palavras-chave: Inteligência Artificial; Educação de Graduação em Me-
dicina; Modelos de Linguagem de Grande Escala;

RESUMO

Introduction

Artificial Intelligence refers to a computational system 
that simulates and systematizes specific aspects of human 
intelligence or intelligent behavior, such as learning, 
intellectuality, and problem-solving1. This term was first 
employed in 1956 by John McCarthy at the Dartmouth 
Conference. According to him, artificial intelligence was "the 
science and engineering of making intelligent machines"2.

In this sense, it is understood that AI is composed 
of three main paradigms: the symbolic (based on logic 
and knowledge), the statistical (probabilistic methods 
and machine learning), and the subsymbolic (embedded 

intelligence and research). These paradigms address various 
domains of problems, such as perception, reasoning, 
knowledge, planning, and communication3. Although there 
are different categories of artificial intelligence, machine 
learning (ML)4, which is a system that trains a predictive 
model - identifying patterns in input data - and uses it to 
make useful predictions from new and previously unseen 
data 1, stands out.

However, it is worth noting that not every machine 
learning algorithm is universal and capable of solving all types 
of problems. Thus, it becomes crucial to select appropriate 
datasets to address a specific problem. In this regard, 
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Artificial Neural Networks play a significant role. They are 
mathematical models inspired by biological neural structures, 
acquiring computational ability through learning5.

Another task of artificial intelligence involves natural 
language processing, which encompasses the machine's 
ability to understand human language. However, it does 
not simply consist of recognizing letters that form a word 
and then combining them with a definition; the algorithm 
is used to achieve an understanding of syntax and semantics 
to approximate the meaning of phrases, sentences, or 
paragraphs4.

Due to its complexity, although artificial intelligence 
is often associated only with computers or robots, its 
application can be observed in various domains, spanning 
areas such as philosophy, psychology, linguistics, statistics4, 
and even in undergraduate medical education.

Regarding medical education, the ability of AI to modify 
and personalize the learning process is one of the most 
evident future possibilities in this area. Artificial intelligence 
can contribute to meeting the specific needs of students amid 
the growing context of digitization, as they have distinct 
preferences and learning styles. AI can provide adaptive 
instructional content suitable for each student's knowledge 
gaps and learning speed by analyzing vast amounts of data 
and using machine learning algorithms6.

However, the mentioned contribution of artificial 
intelligence in undergraduate medical education has not yet 
been fully elucidated in the literature, making it crucial for 
a deeper analysis of relevant information on the subject. For 
this reason, we conducted a scoping review to map scientific 
research on two axes: the use of artificial intelligences as 
teaching-learning support tools in undergraduate medical 
education and their proficiency in various curriculum 
components, allowing us to identify knowledge gaps and 
their evidence indicators, as well as to summarize and 
disseminate the main scientific findings.

Objectives

To map the scientific literature on the use of artificial 
intelligences as support tools for teaching and learning in 
undergraduate medical education, as well as their proficiency 
in curriculum components, in order to identify knowledge 
gaps and evidence indicators.

Methods

This study is a scoping review, whose development 
followed the PRISMA-ScR checklist7. The choice of scoping 
review as a research method is justified by its ability to 
identify, analyze, and investigate scientific evidence and gaps, 
as well as to understand the characteristics, concepts, and 
theoretical definitions of the proposed field of knowledge8.

Data source and search

The study was conducted in five stages: 1 - formulation 
of the research question following the Population (P), 

Concept (C), Context (C) framework - PCC; 2 - selection of 
databases to be used and definition of corresponding search 
terms and strategies; 3 - exportation of retrieved studies to 
the Rayyan platform and establishment of inclusion and 
exclusion criteria; 4 - selection of articles by 2 blinded/
independent reviewers, who followed the criteria to ensure 
higher quality of evidence; 5 - construction of a spreadsheet 
synthesizing the evidence found, following the JBI Manual 
for Evidence Synthesis9.

Thus, the research question was formulated following 
the PCC framework: 'To what extent does the adoption of 
artificial intelligences (AIs) as tools to support undergraduate 
medical education dynamize the pedagogical effectiveness 
of teachers and the learning experience of students?' P 
(population) – teachers and students of undergraduate 
medical courses; C (concept) – adoption of AIs to dynamize 
pedagogical effectiveness and learning experience; C 
(context) – undergraduate medical education.

To identify potentially relevant studies, we selected 
the following databases of scientific literature: PubMed, 
Scientific Electronic Library (SciELO), Web of Science via 
the main collection (Clarivate Analytics), Scopus (Elsevier), 
and Virtual Health Library (VHL). Next, search terms were 
defined based on the National Library of Medicine's (NLM) 
catalog, which compiles suitable MeSH Terms for the topic. 
These terms, associated with Boolean operators, formed the 
following search strategy: ("Artificial Intelligence" OR "AI" 
OR "Machine Learning" OR “Chatbot" OR "ChatGPT") 
AND ("Medical Education").

Study selection and inclusion and exclusion cri-
teria

Subsequently, the research retrieved from the five 
databases were exported on October 18, 2023, to the 
Rayyan reference manager, a tool developed by the Qatar 
Computing Research Institute (QCRI) to streamline 
manuscript selection. Simultaneously, the researchers 
established inclusion and exclusion criteria that guided 
the selection stage. Thus, manuscripts published between 
2000 and 2023, in any language, originating from primary 
investigations addressing the application and/or analysis of 
artificial intelligence as support for teaching and learning 
in undergraduate medical education, were considered for 
inclusion in this study. Additionally, studies evaluating 
the proficiency of these tools in undergraduate curriculum 
components and in the performance of teaching activities 
were incorporated. Conversely, articles involving students 
from other fields, as well as theoretical studies, reviews, 
editorials, and opinion articles, were excluded due to their 
lower level of scientific evidence.

To reinforce the research's solidity, two blinded/
independent assessors (D.R.S.G.A.; D.G.M.) followed 
a 4-step process to examine the retrieved publications: 
initially, duplicate articles between databases were removed 
to avoid analysis errors; then, Rayyan filters were used to 
exclude all review studies; subsequently, the titles and 
abstracts of the remaining studies were analyzed, excluding 
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those that did not meet the defined criteria; and finally, full-
text reading of manuscripts whose titles and abstracts were 
inconclusive regarding eligibility criteria was conducted, 
including those that met the review's objective in this study. 
Any disagreements between the two assessors were resolved 
by a third researcher (R.V.M.), resulting in the set of articles 
composing this study. These selection steps and their 
respective quantities of associated articles were graphically 
organized in a flowchart (Figure 1).

Data extraction and analysis

After completing the selection process, the two 
independent evaluators developed a data mapping form 
to identify the variables to be extracted from the reviewed 
studies. In an interactive process of form registration 
and updating, information related to the use of artificial 
intelligence as support for teaching and learning in 
undergraduate medical education was organized into a 
Word table, with any discrepancies being resolved by the 
senior researcher, H.R.S.S. The recorded variables followed 
the guidelines of the JBI Manual for Evidence Synthesis9, 
covering aspects such as authorship, year of publication, 
country of origin, objectives, study design, sample size, and 
main outcomes, which composed the evidence board of the 
current study (Appendix 1), provided in the supplementary 
materials. Furthermore, the figures presented in this review 
were created using Microsoft Word.

Results

During the publication identification phase, a total of 
3,737 manuscripts were retrieved from various reputable 
databases. These sources included 1,491 from PubMed, 7 
from SciELO, 348 from Web of Science, 1,203 from Scopus, 
and 688 from the Virtual Health Library. Subsequently, 
using the available filters in Rayyan, 1,174 duplicate studies 
were excluded, resulting in 2,563 citations. Of these, 
2,442 manuscripts were removed, after analyzing titles 
and abstracts, leaving 121 articles. Among this remaining 
quantity, we excluded 72 for having study designs that did 
not align with the criteria of this review, 20 for not addressing 
the practical use of artificial intelligence in undergraduate 
medical education, and 5 for involving students from 
other courses. In the end, 24 articles remained eligible for 
inclusion in this review. The aforementioned screening 
process is presented in a flowchart (Figure 1).

In this scoping review, India stands out as the primary 
origin of the selected studies (n=5)10-14, followed by the 
USA15-17 and Canada18-20, both with n=3 each. Subsequently, 
Germany21,22 and South Korea23,24 (n=2). Other represented 
countries include Australia25, Saudi Arabia26, Singapore27, 
Denmark28, France29, Thailand30, Taiwan31, Turkey32, and 
Serbia33, each with 1 study.

Regarding the types of studies, more than half consist 
of Cross-Sectional Studies (n=13), which represents 54.16% 
of the total manuscripts manuscritos10-16,18,21-23,26,32,33. 
Among these, 92.30% are quantitative cross-sectional 

studies10-14,16,18,21-23,26,32,33, and 7.69% are qualitative 
cross-sectional studies15. Next, Randomized Controlled 
Trials (n=5) are observed, representing 20.83% of the 
manuscripts20,24,28,29,31. Finally, Mixed Methods Studies 
(n=3) comprise 12.50% of the articles17,25,30, and Cohort 
Studies (n=2) account for 8.33% of the citations19,27.

Thus, the twenty-four studies investigated the use of 
Artificial Intelligences (AIs) as tools to support teaching 
and learning in undergraduate medical education. In order 
to facilitate understanding of the various applications of 
Artificial Intelligences in this context, the manuscripts were 
classified and organized into five categories. The 1st category 
encompasses studies where Artificial Intelligences were 
used in practical training of students, such as in surgical 
procedure simulations; the 2nd category gathers studies 
where AIs were employed in teaching activities, such as 
question generation; the 3rd category groups manuscripts 
that tested the proficiency of AIs in undergraduate medical 
curriculum components, such as solving questions from 
different disciplines; the 4th category includes research that 
evaluated the use of AIs in producing scientific information, 
compared to traditional sources of evidence; and finally, the 
5th category focuses on studies that addressed the impact of 
these tools on students' knowledge acquisition and academic 
performance, through qualitative and quantitative analysis. 
To outline this classification, a table was created listing the 
articles corresponding to each category (Table 1).

Furthermore, it is worth noting that among the AI tools 
mentioned in the manuscripts, the ones that stood out the 
most were ChatGPT and its versions10-15,18,21-23,26,32,33, being 
the subject of research in 54.16% of the studies. Following 
this, Microsoft Bing10,12,21 and Google Bard10,12,32 were 
cited in 12.50% of the articles each. The VOA (Virtual 
Operative Assistant) tool19,20 and other machine learning 
(ML) models17,25 were each mentioned in 8.33% of the 
references. Lastly, A-LRYNGO24, AmbuBPS28, COMET30, 
ChatScript16, Chatprogress29, HipGuide31, and VIP (Virtual 
Integrated Patient)27 were individually referenced in 4.16% of 
the sources. The number of studies addressing each artificial 
intelligence can be seen in Figure 2, and the distribution of 
these AIs among the aforementioned categories is shown in 
Table 2.

1st category: use of artificial intelligences in prac-
tical training of students

Among the studies, 20.83% highlighted the use of AI in 
the practical training of students, considering parameters such 
as greater accuracy and technical quality, reduced execution 
time, and safety in performing procedures19,20,24,28,31. In 
this analysis, it was observed that the Virtual Operative 
Assistant (VOA) - an intelligent tutoring system - was able 
to enhance the accuracy and performance of students in the 
test group during tumor resection surgery, as its application 
was associated with a considerable reduction in the rate of 
removal of healthy brain tissue during surgery, indicating 
an improvement in procedure safety19. Another relevant 
aspect is that, following subpial resection cases, feedback 
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Figure 1. Identification of studies through databases and records (flowchart of manuscript selection).
Source: Elaborated by authors.
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Figure 2. Number of studies that analyzed, individually or in combination, each Artificial Intelligence tool addressed in the 
present review.
Source: Elaborated by authors.

Table 1. Distribution of reviewed articles by analyzed category

1st Category: Use of AIs in practical training of students 15, 16, 20, 24 and 27.
2nd Category: Use of Artificial Intelligences in teaching activities 8, 12, 13, 21, 26 and 28.
3rd Category: Proficiency of Artificial Intelligences in undergraduate medical 
curriculum components 6, 7, 9, 10, 14, 17, 18, 19, 22, 28 and 29.

4th Category: Use of AIs in the production of scientific information compared 
to traditional evidence sources 11 and 28.

5th Category: Impact of AIs on students' knowledge acquisition and academic 
performance, through qualitative and quantitative analysis 23, 24 and 25.

Source: Elaborated by authors.

Table 2. Distribution of AIs by analyzed category.

1st Category: Use of AIs in practical training of students Virtual Operative Assistant (VOA), AmbuBPS, 
A-LRYNGO, HipGuide.

2nd Category: Use of Artificial Intelligences in teaching 
activities

COMET, ML, ChatScript, ChatGPT, Microsoft Bing and 
Google Bard.

3rd Category: Proficiency of Artificial Intelligences in 
undergraduate medical curriculum components

ChatGPT, ChatGPT-4, ChatGPT-3.5-Turbo, Microsoft 
Bing and Google Bard.

4th Category: Use of AIs in the production of scientific 
information compared to traditional evidence sources ChatGPT and Google Bard.

5th Category: Impact of AIs on students' knowledge 
acquisition and academic performance, through qualitative 
and quantitative analysis

Chatprogress, Virtual Integrated Pacient (VIP) and 
AmbuBPS.

Source: Elaborated by authors.
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from artificial intelligence (VOA) may be more effective in 
improving performance in simulated surgical procedures 
than instruction by experts or the absence of feedback20. 
However, it is worth noting that some unintended changes 
occurred, such as a decrease in the speed and acceleration of 
the dominant hand, which may require further evaluation19.

Similarly, other artificial intelligences, such as AmbuBPS, 
A-LRYNGO, and HipGuide, also yielded positive results in 
improving learning and practical training in bronchoscopies, 
laryngoscopies, and fracture analysis, respectively24,28,31. 
AmbuBPS is a system that utilizes artificial intelligence and 
is designed to assist in medical training. The technology 
includes a single-use scope and a set of real-time features, 
such as on-screen labels, a diagram of the bronchial tree, 
and a Structured Progression (SP) score. These features 
aim to enhance bronchoscopy practice by providing real-
time feedback on positioning and recognition of bronchial 
segments. In the study in question, AmbuBPS provided 
superior results compared to the control group, especially 
in dynamic coordination, trial time, and pattern sequence 
analysis, allowing students to feel more confident with the 
procedure and more engaged in bronchoscopy learning28. In 
the context of laryngoscopy technique, glottic orientation 
based on artificial intelligence using A-LRYNGO - a 
channel-type videolaryngoscope coupled with an artificial 
intelligence system - was promising, achieving accurate 
orientation in most participants. The study highlighted 
that practical training contributed to the improvement of 
students' performance, demonstrating noticeable differences 
among various laryngoscopes and emphasizing the positive 
influence of artificial intelligence on glottic orientation24. 
Regarding the use of the HipGuide, an AI system designed 
for hip fracture detection, in orthopedics, participants 
were divided into two groups: AIL (test group) and CL 
(control group). In the CL group, post-learning scores 
showed no significant differences compared to pre-learning, 
whereas in the AIL group, all students recorded significant 
improvements with AI-assisted interpretation and analysis 
of hip fractures, resulting in scores considerably higher than 
those obtained in pre-learning31.

2nd category: use of artificial intelligences in 
teaching activities

Another aspect analyzed was the use of artificial 
intelligences in carrying out teaching activities, such as 
tutoring, question development, or even for student activity 
assessment12,16,17,25,30,32, totaling 25% of the studies. In this 
parameter, it can be seen that AIs like COMET and ML tools 
managed to match or even surpass human tutors and faculty 
in student assessment in specific activities17,30. The COMET 
intelligent tutoring system demonstrated effectiveness 
comparable to that of human tutors for monitoring and 
evaluating medical students undergoing the PBL teaching 
method30. Similarly, machine learning (ML) proved 
promising in the formative analysis of clinical reasoning 
written by medical students, being able to assess diagnostic 
justification essays as reliably as, or more reliably than, 

faculty evaluations17. On the other hand, ChatScript did 
not exhibit the same efficacy in this type of task, performing 
worse than humans in evaluating medical students’ 
performance in Objective Structured Clinical Examinations 
(OSCEs), tests aimed at assessing communicative skills in 
the context of clinical conversations and medical interviews, 
as observed in another study16. Furthermore, in qualitative 
aspect, there was divergence among students regarding 
computer-based marking (Machine Learning) of written 
exams. In the mentioned research, more than half of the 
students expressed doubts about the ability of computers to 
perform marking accurately enough, although most agreed 
that computer marking would be more objective than 
human marking25.

Regarding the ability to formulate questions, ChatGPT, 
Microsoft Bing and Google Bard demonstrated potential 
in performing this task but also exhibited limitations12,32. 
One of the reviewed studies examined the ability of these 
tools to create multiple-choice questions on physiology and 
highlighted the success of ChatGPT and Google Bard in all 
assessed content competencies, differing from Bing, which 
showed shortcomings in two competencies. However, it is 
important to note that none of the artificial intelligences 
were able to generate a significant number of multiple-
choice questions requiring a high level of comprehension12 

of the subject. In another study evaluating different 
versions of ChatGPT and Google Bard in creating anatomy 
questions, some of the questions generated by ChatGPT 
were considered incorrect by anatomist evaluators32.

3rd category: proficiency of artificial intelligences 
in undergraduate medical curricular components

Additionally, we sought to understand the proficiency of 
AIs in the curricular components of undergraduate medical 
education, both in question-solving and case studies. From 
this perspective, 41.67% of the studies can be grouped in 
this axis of analysis10,11,13,14,18,21-23,26,32,33. In this context, it is 
worth highlighting ChatGPT, which stood out as the most 
effective artificial intelligence in dealing with questions 
from various disciplines such as anatomy and physiology, 
besides demonstrating its utility in applying physiology case 
studies and in biostatistical analyses. In order to illustrate 
the distribution of proficiency studies in various areas of 
undergraduate education, a graph was created (Figure 3), and 
their respective references were organized through Table 3.

In one of the studies, the analysis focused on the 
performance of three Large Language Models (LLMs): 
GPT-4, GPT-3.5-Turbo and Bing. Specifically, the 
abilities of these models to solve questions taken from 
the 2022 German Medical State Exams were examined, 
considering scenarios with and without media presence in 
the questions. The performances of the AIs were compared 
among themselves and in relation to students in the spring 
and fall 2022 exams. Comparing the artificial intelligences 
among themselves in the spring exam, GPT-4 stood out 
by showing better performance in solving questions with 
media, followed by Bing and GPT-3.5-Turbo. When 
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questions with media were excluded, Bing showed better 
performance in solving questions, followed by GPT-4 and 
GPT-3.5-Turbo. In comparison to the students, GPT-4 
and Bing showed superior performance, while GPT-3.5-
Turbo showed comparable performance to the students. 
Comparing the artificial intelligences among themselves in 
the fall exam, GPT-4 demonstrated better performance in 
solving questions with media, followed by Bing and GPT-
3.5-Turbo. When questions with media were removed, 
Bing and GPT-4 showed similar performances, while 
GPT-3.5-Turbo had inferior performance. In comparison 
to the students, GPT-4 and Bing maintained superior 
performance in solving questions, but GPT-3.5-Turbo 
obtained lower results than the students in this second 
exam. Overall, GPT-4 showed the best results, followed 
by Bing with intermediate performance, and lastly, GPT-
3.5-Turbo with the lowest performance21. In another 
manuscript, the proficiency of artificial intelligences in 
solving anatomy questions in different linguistic domains 

was compared. With this purpose, the responses provided by 
the AIs to two distinct users who asked the same questions 
were analyzed. The intention was to verify if the answers 
obtained in separate accesses were consistent or exhibited 
variations. Thus, it was revealed that ChatGPT in Turkish 
language achieved the highest performance, followed by 
Google Bard, also in Turkish. The other AIs, including the 
first user of Google Bard in Turkish, ChatGPT in English, 
and Google Bard in English, showed varied rates. However, 
none of them reached a significant score32.

Another article evaluated the performance of AIs in 
physiology case studies, demonstrating that ChatGPT 
consistently showed the best performance, obtaining higher 
scores - attributed by both evaluators - compared to Bing 
and Google Bard. Detailed data reveals that, on average, 
ChatGPT achieved a higher performance score among the 
three AIs, considering different physiological systems, while 
Bing recorded significantly lower scores. Bard positioned 
itself as intermediate in this evaluation10.

Regarding the performance of Artificial Intelligences in 
solving questions from curricular components, it is crucial 
to note the divergent results presented by one manuscript, 
especially concerning the ability to solve biostatistical problems 
in different versions of ChatGPT. GPT-3.5 demonstrated 
efficacy in solving tasks involving categorical data, cross-
sectional study, and paired t-test, however, it faced difficulties 
in questions related to chi-square test, one-way analysis of 
variance (ANOVA), and sample size. In contrast, GPT-4 had 
a more comprehensive performance, managing to solve some 
of these additional questions in subsequent attempts33.

Additionally, it is pertinent to examine the performance 
of ChatGPT responses concerning the content of the 
questions. In a study involving multiple-choice questions, 

Figure 3. Professional background of proficiency studies by analyzed curricular component. 
Source: Elaborated by authors.

Table 3. Analyzed curriculum components and their respective 
studies

Multidisciplinary 17, 18, 22, 14.
Physiology 6, 9.
Anatomy 28.
Biostatistics 29.
Microbiology 7.
Biochemistry 10.
Parasitology 19.

Source: Elaborated by authors.
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it was observed that ChatGPT scored lower in forensic 
medicine and radiology, contrasting with a high score in 
dermatology22. Similarly, when evaluating the effectiveness 
of ChatGPT in solving fundamental physiology questions, 
it stands out that cardiovascular physiology achieved the 
highest score, followed by neurophysiology, while endocrine 
physiology recorded the lowest score13. In a study on 
ChatGPT's ability to answer microbiology questions, it 
was found that the category of central nervous system 
infections obtained the highest score, while gastrointestinal 
and hepatobiliary systems obtained the lowest score11. 
Reinforcing these analyses, it was found that ChatGPT 
demonstrated the ability to answer higher-order questions in 
the field of medical biochemistry, although its performance 
varied among the competencies of the discipline14. Lastly, in 
another study conducted with ChatGPT, it was noted that 
it was able to answer multiple-choice questions in basic and 
clinical medical sciences, demonstrating a satisfactory level 
of knowledge. However, the performance was slightly higher 
in basic questions compared to clinical questions26.

On the other hand, in a study comparing students' 
responses to ChatGPT's responses in solving Concept 
Application Exercises (CAEs), the scores assigned by 
tutors revealed a superior quality of ChatGPT's responses 
compared to those of the student participants. However, 
both ChatGPT's performance and that of the students in 
the research were inferior compared to a group of students 
previously subjected to CAEs18. Similarly, in an analysis 
on parasitology, ChatGPT's performance was considered 
inferior to that of medical students. Some limitations 
identified in this Artificial Intelligence included the 
inability to interpret figures and graphs, unfamiliarity with 
specific epidemiological data from Korea, and difficulty in 
understanding multiple-choice questions23.

4th category: Use of artificial intelligences in the 
production of scientific information compared to 
traditional evidence sources

Additionally, the quality of scientific productions, 
especially articles, generated by artificial intelligences, was 
evaluated in comparison to traditional sources of evidence, 
accounting for 4.17% of the studies15,32. One study investigated 
the perception of medical students and laypersons regarding 
articles produced by ChatGPT, contrasted with information 
from an evidence-based surgery book. This research 
revealed that medical students considered the book texts 
more comprehensive than those generated by ChatGPT in 
addressing each of the 5 chosen surgical conditions. However, 
ChatGPT articles were considered clearer by medical students 
in 4 of the studied surgical pathologies. Simultaneously, 
laypersons from the general population noticed superior 
clarity in ChatGPT articles related to appendicitis and better 
organization in those addressing diverticulitis15. In another 
manuscript in this category, the scientific writing ability on 
anatomy by ChatGPT and Google Bard was evaluated. It was 
found that articles produced by both AI were less detailed 
and of a basic level compared to previously prepared scientific 

works on the subject, and they lacked references. However, 
it is worth noting that among the two analyzed artificial 
intelligences, ChatGPT stood out in creating text more 
adherent to academic standards, presenting a more refined 
structure aligned with the standard organization required for 
this type of content32.

5th category: impact of artificial intelligences on 
knowledge acquisition and academic performance 
of students, through a qualitative and quantita-
tive analysis

Furthermore, through both qualitative and quantitative 
approaches, the impact on knowledge acquisition and 
academic performance of students using AIs was measured, 
accounting for 12.50% of the studies27-29. One of these 
studies emphasized the positive impact of interactive 
games incorporating artificial intelligence, utilizing 
Chatbot technology (Chatprogress), in addressing topics 
in pneumology. This educational methodology not only 
exceeded expectations by enhancing students' performance 
in pneumology subtests but also provided benefits for the 
overall examination, which covered areas such as cardiology, 
intensive care, and pneumology. Additionally, qualitative data 
revealed high student satisfaction with the new learning tool, 
demonstrating continued interest in its use29. Another study 
showed that the use of the Virtual Integrated Patient (VIP) 
- a virtual patient simulator leveraging advances in artificial 
intelligence in the field of naturalistic conversation technology 
- helped medical students remember the methodological 
content taught in classes, improved understanding of different 
clinical cases, increased confidence, and enhanced their 
performances in conducting patient histories27. Similarly, 
the application of AmbuBPS in performing bronchoscopies 
was well received by students, who reported confidence in 
performance during the procedure associated with the use of 
the technology, recommended its use, and showed continued 
interest in incorporating this tool into their learning28.

5. Discussion

After analysis, the evidence suggests that Artificial 
Intelligence presents significant potential to enhance 
undergraduate medical education. The versatility of this 
technology offers a wide range of applications in the 
university context, serving as an effective tool to support the 
development of medical students and optimize educators' 
performance. In 87.50% of the studies, its use in the 
educational environment proved to be useful and beneficial 
in some way, contrasting with only 12.5% of the studies 
in which AI was unable to fulfill the assigned tasks or 
demonstrated unsatisfactory performance.

1st category: use of artificial intelligences in prac-
tical training of students

Practical training in undergraduate medical education 
is fundamental for professional development, as it enables 
students to acquire the necessary skills for performing 
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procedures (surgical or otherwise), familiarity with medical 
equipment and application of theoretical knowledge from 
early on in their education. Thus, considering the use of 
artificial intelligence in developing such practical skills by 
students, it is evident that these technologies hold promise 
for enhancing practical techniques and ensuring safety in 
their execution. This was evidenced based on the articles 
presented, through the use of artificial intelligences such 
as VOA19,20, AmbuBPS28, A-LRYNGO24 and HipGuide31, 
which facilitated faster and higher-quality skill acquisition 
by students. Consequently, these results provided 
students with greater confidence in reproducing such 
procedures later on, thereby minimizing the risk of errors 
in professional practice. In this context, this review aligns 
with the studies of Chan et al3 and Narayanan et al34., as our 
findings corroborate the advantages and utilities highlighted 
by them regarding adaptive instructional systems. These 
technologies capable of mimicking human tutors benefit 
students' learning process, underscoring the importance of 
incorporating artificial intelligences into students' practical 
training from early education onwards.

2nd category: use of artificial intelligences in 
teaching activities

Additionally, the analysis of artificial intelligence 
in performing teaching activities proved to be relevant. 
Considering the challenges faced by university professors, 
such as intense workload and multiple associated 
responsibilities including activity grading, question 
development, and tutoring, the use of AI as an aid in 
performing these tasks becomes a promising alternative. In 
this context, artificial intelligence-based technologies like the 
intelligent tutoring system (COMET) and some machine 
learning models (ML) can be adopted as tools to facilitate 
the assessment of student activities. This is evidenced by the 
data collected in this research, which indicate that these AIs 
demonstrated performance equivalent to or even superior to 
humans in this task. This artificial intelligence approach thus 
strengthens the applications highlighted by other studies 
available in the scientific literature3,34, which previously 
emphasized the ability of automated essay scoring (AES) 
systems to analyze student work, identify study patterns and 
concepts, and provide individualized feedback.

Furthermore, chatbots, including ChatGPT, despite still 
having limitations that require continuous improvement of 
these AIs, have shown potential as assisting tools for teachers 
in various tasks, such as question development, as indicated 
in studies included in this research.

However, there are essential considerations to be 
weighed before officially incorporating any AI as a teaching 
and learning tool. One of them involves the need for careful 
screening to ensure that the AI used is the most appropriate 
and reliable. As evidenced in this research, ChatScript did 
not demonstrate sufficient competence in assessing the 
performance of medical students in Objective Structured 
Clinical Examinations (OSCEs), highlighting that not all 
AIs are suitable for effectively performing teaching activities. 

The other consideration is related to the acceptance of the 
use of these tools by the student body, as not all students 
fully trust their accuracy.

3rd category: proficiency of artificial intelligences 
in undergraduate medical curricular components

Furthermore, it was observed that the ability of artificial 
intelligences to solve questions and case studies in various 
components of the medical undergraduate curriculum 
is promising. Based on the results of the articles used in 
our research, we noticed that AIs, such as ChatGPT, for 
example, can be used as learning enhancement tools. 
Solving questions enables us to apply theoretical study, 
identify knowledge gaps, prepare for exams, and develop 
clinical reasoning. In this context, ChatGPT stood out for 
both solving questions and case studies in some disciplines. 
Additionally, other versions of ChatGPT and Bing were 
also used as preparation tools for medical exams and proved 
to be effective study tools for solving questions and better 
preparation by students.

However, it was evidenced that questions with 
information contained in media are not processed or 
interpreted by artificial intelligences. Furthermore, exercises 
involving some curriculum components, such as forensic 
medicine and radiology, did not yield such satisfactory 
results, and one study pointed out that students' responses 
were superior to those of ChatGPT in another subject. Thus, 
it became clear that the proficiency of artificial intelligences 
in curriculum components still has limitations.

4th category: Use of artificial intelligences in the 
production of scientific information compared to 
traditional evidence sources

Regarding the quality of scientific information generated 
by artificial intelligences, it is observed that, although the 
materials produced by them have a certain level of quality, 
they still cannot effectively replace traditional sources of 
evidence, such as books and conventional articles. Despite 
the remarkable ability of some AIs, such as ChatGPT and 
Google Bard, to generate easily understandable articles, their 
texts often lack depth and comprehensiveness compared to 
those found in traditional sources. Thus, although these AIs 
can be used as quick search tools to assist medical students 
in their studies during undergraduate education, their 
use, as of the time of this study, does not fully replace the 
use of traditional scientific evidence sources as the most 
appropriate place for accessing information.

5th category: impact of artificial intelligences on 
knowledge acquisition and academic performance 
of students, through a qualitative and quantita-
tive analysis

Finally, it became clear that, in addition to quantitative 
aspects regarding the impacts of using artificial intelligence in 
various aspects of medical education, the qualitative effects, 
obtained from forms or questionnaires, were also important 
for understanding the impact of AI use on students' 
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learning and academic performance. The combination of 
quantitative and qualitative data revealed not only tangible 
improvements in learning, such as simulating realistic 
situations and active engagement through games (as in 
the Chatbot), but also emphasized students' confidence in 
their performance associated with the technologies. These 
benefits associated with the use of Artificial Intelligence are 
also in line with the advantages highlighted in the study by 
Narayanan et al. (2023)34, which emphasizes the usefulness 
and various applications of these technologies as support 
tools for undergraduate student learning.

Furthermore, the ongoing interest of students in the 
integration of these tools, as demonstrated in the articles 
included in this research, suggested that artificial intelligences 
not only enhanced learning but also became recommended 
and desired elements in medical education. Thus, this 
convergence of results strengthened the positive outlook 
regarding the integration of AI, indicating a favorable 
impact on students' learning and academic performance in 
the field of medicine.

Limitations

This scoping review presents several limitations to be 
considered. A recurring limitation is the focus on a specific 
set of large language models (LLMs), such as ChatGPT, Bard, 
and Bing, which may result in a limited view of the diversity 
available in this field. The assessment of the performance of 
these LLMs often relies on responses to predefined cases, 
limiting generalization to a wider variety of clinical scenarios, 
with additional concerns about bias due to training data. 
The subjectivity introduced by expert evaluations, the lack of 
generalization to other medical specialties, and the absence 
of considerations about potential biases in LLMs highlight 
the complexity of the results. Critical issues include the 
inability of some systems, such as ChatGPT, to interpret 
complex interactions and the limitation in inputting 
information, such as charts and figures. The study also did 
not fully address potential biases or intrinsic errors of LLMs, 
pointing to the need for caution in interpreting the results. 
Several studies presented methodological challenges, such as 
the limitation in the number of investigated biostatistical 
problems and the lack of pre-established guidelines for 
interactions with ChatGPT, underscoring the demand 
for more comprehensive and refined research. The review 
highlights that, while these studies provide valuable insights, 
it is essential to recognize and address these limitations for 
a more complete and reliable understanding of the role of 
LLMs in medical education and other areas. Additionally, 
some studies presented limitations related to the observed 
sampling that may compromise the generalizability and 
applicability of the results.

Conclusion

The aim of this scoping review was to map the scientific 
literature on the use of artificial intelligence as tools to support 
teaching and learning in undergraduate medical education, in 

order to identify knowledge gaps and evidence clues. In this 
regard, we identified five main areas of AI application: 1 - 
using artificial intelligence in practical training of students; 
2 - employing artificial intelligence in teaching activities; 
3 - assessing the proficiency of artificial intelligence in 
undergraduate medical curriculum components; 4 - utilizing 
artificial intelligence in scientific information production; 5 
- examining the impact of AIs on students' knowledge and 
academic performance. The results of our study suggest that 
the introduction of artificial intelligence in the academic 
environment is beneficial for both teachers and undergraduate 
students, allowing for the dynamization of the development 
of materials and tutorials, improvement in precision, technical 
quality, and safety of procedures, as well as favoring knowledge 
acquisition and problem-solving. However, it is worth noting 
some identified limitations, such as the need for improvement 
in question development, challenges in interpreting graphics 
by certain artificial intelligences, and insufficient depth of 
the produced scientific information. Therefore, this review 
highlights the pressing need for comprehensive and refined 
research to achieve a more detailed understanding of the role 
of artificial intelligence in undergraduate medical education. 
The pursuit of a more robust methodological approach in 
subsequent studies will be crucial to validate and generalize the 
conclusions, thus contributing to the effective advancement 
of this area of study.

Authors’ Contributions

The authors’ contributions are structured according 
to the CRediT taxonomy, as described below: 
Conceptualization & Project Administration: DRSG de 
Amorim. Data Curation & Formal Analysis: AVNT Xavier; 
RV de Menezes. Investigation & Methodology: DG Malta; 
DRSG de Amorim. Supervision & Validation: HR de S e 
Silva. Visualization: DG Malta. Writing – Original Draft: 
AVNT Xavier; DG Malta; DRSG de Amorim; RV de 
Menezes. Writing – Review & Editing: AVNT Xavier; DG 
Malta; DG Malta; DRSG de Amorim; RF de Menezes.

Copyright

Copyright© 2024 Amorim et al. This is an Open Access 
article distributed under the terms of the Creative Commons 
Attribution 4.0 International License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original article is properly cited.

References

1.	 Chen M, Decary M. Artificial intelligence in healthcare: 
An essential guide for health leaders. Healthc 
Manage Forum. 2020;33(1):10-8. DOI: https://doi.
org/10.1177/0840470419873123. 

2.	 Yang X, Wang Y, Byrne R, Schneider G, Yang S. Concepts of 
Artificial Intelligence for Computer-Assisted Drug Discovery. 
Chem Rev. 2019;119(18):10520-94. DOI: https://doi.
org/10.1021/acs.chemrev.8b00728. 

https://doi.org/10.1177/0840470419873123
https://doi.org/10.1177/0840470419873123
https://doi.org/10.1021/acs.chemrev.8b00728
https://doi.org/10.1021/acs.chemrev.8b00728


IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

12

3.	 Chan KS, Zary N. Applications and Challenges of 
Implementing Artificial Intelligence in Medical Education: 
Integrative Review. JMIR Med Educ. 2019;5(1):e13930. 
DOI: https://doi.org/10.2196/13930. 

4.	 Hashimoto DA, Witkowski E, Gao L, Meireles O, Rosman G. 
Artificial Intelligence in Anesthesiology: Current Techniques, 
Clinical Applications, and Limitations. Anesthesiology. 
2020;132(2):379-94. DOI: https://doi.org/10.1097/
ALN.0000000000002960. 

5.	 Ludemir TB. Artificial Intelligence and Machine Learning: 
Current State and Trends. Estud Av. 2021;35(101):85–94. 
DOI: https://doi.org/10.1590/s0103-4014.2021.35101.007. 

6.	 Mir MM, Mir GM, Raina NT, Mir SM, Mir SM, Miskeen 
E, et al. Application of Artificial Intelligence in Medical 
Education: Current Scenario and Future Perspectives. J 
Adv Med Educ Prof. 2023;11(3):133-40. DOI: https://doi.
org/10.30476/JAMP.2023.98655.1803. 

7.	 Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac 
D, et al. PRISMA extension for scoping reviews (PRISMA-
ScR): Checklist and explanations. Ann Interm Med. 2018; 
169(7):467–73. DOI: https://doi.org/10.7326/m18-085. 

8.	 Mattos SM, Cestari VRF, Moreira TMM. Scoping protocol 
review: PRISMA-ScR guide refinement. Rev Enferm 
UFPI. 2023;12(1). DOI: https://doi.org/10.26694/reufpi.
v12i1.3062. 

9.	 Aromataris E, Munn Z (Editors). JBI Manual for Evidence 
Synthesis. JBI. 2020. DOI: https://doi.org/10.46658/
JBIMES-20-01. 

10.	 Dhanvijay AKD, Pinjar MJ, Dhokane N, Sorte SR, Kumari 
A, Mondal H. Performance of Large Language Models 
(ChatGPT, Bing Search, and Google Bard) in Solving Case 
Vignettes in Physiology. Cureus. 2023;15(8):e42972. DOI: 
https://doi.org/10.7759/cureus.42972. 

11.	 Das D, Kumar N, Longjam LA, Sinha R, Roy AD, 
Mondal H, et al. Assessing the Capability of ChatGPT in 
Answering First- and Second-Order Knowledge Questions on 
Microbiology as per Competency-Based Medical Education 
Curriculum. Cureus. 2023;15(3):e36034. DOI: https://doi.
org/10.7759/cureus.36034. 

12.	 Agarwal M, Sharma P, Goswami A. Analysing the 
Applicability of ChatGPT, Bard, and Bing to Generate 
Reasoning-Based Multiple-Choice Questions in Medical 
Physiology. Cureus. 2023;15(6):e40977. DOI: https://doi.
org/10.7759/cureus.40977. 

13.	 Banerjee A, Ahmad A, Bhalla P, Goyal K. Assessing the 
Efficacy of ChatGPT in Solving Questions Based on the Core 
Concepts in Physiology. Cureus. 2023;15(8):e43314. DOI: 
https://doi.org/10.7759/cureus.43314. 

14.	 Ghosh A, Bir A. Evaluating ChatGPT's Ability to Solve Higher-
Order Questions on the Competency-Based Medical Education 
Curriculum in Medical Biochemistry. Cureus. 2023;15(4):e37023. 
DOI: https://doi.org/10.7759/cureus.37023. 

15.	 Breeding T, Martinez B, Patel H, Nasef H, Arif H, Nakayama 
D, et al. The Utilization of ChatGPT in Reshaping Future 
Medical Education and Learning Perspectives: A Curse or 
a Blessing? Am Surg. 2024;90(4):560-6. DOI: https://doi.
org/10.1177/00031348231180950. 

16.	 Maicher KR, Zimmerman L, Wilcox B, Liston B, Cronau 
H, Macerollo A, et al. Using virtual standardized patients 
to accurately assess information gathering skills in medical 
students. Med Teach. 2019;41(9):1053-9. DOI: https://doi.
org/10.1080/0142159X.2019.1616683. 

17.	 Cianciolo AT, LaVoie N, Parker J. Machine Scoring of 
Medical Students' Written Clinical Reasoning: Initial Validity 
Evidence. Acad Med. 2021;96(7):1026-35. DOI: https://doi.
org/10.1097/ACM.0000000000004010. 

18.	 Morjaria L, Burns L, Bracken K, Ngo QN, Lee M, Levinson AJ, 
et al. Examining the Threat of ChatGPT to the Validity of Short 
Answer Assessments in an Undergraduate Medical Program. J 
Med Educ Curric Dev. 2023;10:23821205231204178. DOI: 
https://doi.org/10.1177/23821205231204178. 

19.	 Fazlollahi AM, Yilmaz R, Winkler-Schwartz A, Mirchi N, 
Ledwos N, Bakhaidar M, et al. AI in Surgical Curriculum 
Design and Unintended Outcomes for Technical 
Competencies in Simulation Training. JAMA Netw Open. 
2023;6(9):e2334658. DOI: https://doi.org/10.1001/
jamanetworkopen.2023.34658. 

20.	 Fazlollahi AM, Bakhaidar M, Alsayegh A, Yilmaz R, Winkler-
Schwartz A, Mirchi N, et al. Effect of Artificial Intelligence 
Tutoring vs Expert Instruction on Learning Simulated Surgical 
Skills Among Medical Students: A Randomized Clinical Trial. 
JAMA Netw Open. 2022;5(2):e2149008. DOI: https://doi.
org/10.1001/jamanetworkopen.2021.49008. 

21.	 Roos J, Kasapovic A, Jansen T, Kaczmarczyk R. Artificial 
Intelligence in Medical Education: Comparative Analysis 
of ChatGPT, Bing, and Medical Students in Germany. 
JMIR Med Educ. 2023;9:e46482. DOI: https://doi.
org/10.2196/46482. 

22.	 Friederichs H, Friederichs WJ, März M. ChatGPT in medical 
school: how successful is AI in progress testing? Med Educ 
Online. 2023;28(1):2220920. DOI: https://doi.org/10.1080
/10872981.2023.2220920. 

23.	 Huh S. Are ChatGPT’s knowledge and interpretation ability 
comparable to those of medical students in Korea for taking 
a parasitology examination? A descriptive study. J Educ Eval 
Health Prof. 2023;20:1. DOI: https://doi.org/10.3352/
jeehp.2023.20.1. 

24.	 Choi J, Lee Y, Kang GH, Jang YS, Kim W, Choi HY, et 
al. Educational suitability of new channel-type video-
laryngoscope with AI-based glottis guidance system for 
novices wearing personal-protective-equipment. Medicine 
(Baltimore). 2022;101(9):e28890. DOI: https://doi.
org/10.1097/MD.0000000000028890.  

25.	 Hollis-Sando L, Pugh C, Franke K, Zerner T, Tan Y, Carneiro 
G, et al. Deep learning in the marking of medical student 
short answer question examinations: Student perceptions and 
pilot accuracy assessment. Focus Health Prof Educ Multi-Prof 
J. 2023;24(1):38–48. DOI: https://doi.org/10.11157/fohpe.
v24i1.531. 

26.	 Meo SA, Al-Masri AA, Alotaibi M, Meo MZS, Meo MOS. 
ChatGPT Knowledge Evaluation in Basic and Clinical 
Medical Sciences: Multiple Choice Question Examination-
Based Performance. Healthcare (Basel). 2023;11(14):2046. 
DOI: https://doi.org/10.3390/healthcare11142046. 

https://doi.org/10.2196/13930
https://doi.org/10.1097/ALN.0000000000002960
https://doi.org/10.1097/ALN.0000000000002960
https://doi.org/10.1590/s0103-4014.2021.35101.007
https://doi.org/10.30476/JAMP.2023.98655.1803
https://doi.org/10.30476/JAMP.2023.98655.1803
https://doi.org/10.7326/m18-085
https://doi.org/10.26694/reufpi.v12i1.3062
https://doi.org/10.26694/reufpi.v12i1.3062
https://doi.org/10.46658/JBIMES-20-01
https://doi.org/10.46658/JBIMES-20-01
https://doi.org/10.7759/cureus.42972
https://doi.org/10.7759/cureus.36034
https://doi.org/10.7759/cureus.36034
https://doi.org/10.7759/cureus.40977
https://doi.org/10.7759/cureus.40977
https://doi.org/10.7759/cureus.43314
https://doi.org/10.7759/cureus.37023
https://doi.org/10.1177/00031348231180950
https://doi.org/10.1177/00031348231180950
https://doi.org/10.1080/0142159X.2019.1616683
https://doi.org/10.1080/0142159X.2019.1616683
https://doi.org/10.1097/ACM.0000000000004010
https://doi.org/10.1097/ACM.0000000000004010
https://doi.org/10.1177/23821205231204178
https://doi.org/10.1001/jamanetworkopen.2023.34658
https://doi.org/10.1001/jamanetworkopen.2023.34658
https://doi.org/10.1001/jamanetworkopen.2021.49008
https://doi.org/10.1001/jamanetworkopen.2021.49008
https://doi.org/10.2196/46482
https://doi.org/10.2196/46482
https://doi.org/10.1080/10872981.2023.2220920
https://doi.org/10.1080/10872981.2023.2220920
https://doi.org/10.3352/jeehp.2023.20.1
https://doi.org/10.3352/jeehp.2023.20.1
https://doi.org/10.1097/MD.0000000000028890
https://doi.org/10.1097/MD.0000000000028890
https://doi.org/10.11157/fohpe.v24i1.531
https://doi.org/10.11157/fohpe.v24i1.531
https://doi.org/10.3390/healthcare11142046


IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

13

27.	 Kong JSM, Teo BS, Lee YJ, Pabba AB, Lee EJD, Snh JCG. 
Virtual Integrated Patient: An AI supplementary tool for 
second-year medical students. Asia Pac Sch. 2021;6(3):87–
90. DOI: https://doi.org/10.29060/taps.2021-6-3/sc2394. 

28.	 28. Cold KM, Xie S, Nielsen AO, Clementsen PF, Konge 
L. Artificial Intelligence Improves Novices' Bronchoscopy 
Performance: A Randomized Controlled Trial in a Simulated 
Setting. Chest. 2024;165(2):405-13. DOI: https://doi.
org/10.1016/j.chest.2023.08.015. 

29.	 29. Al Kahf S, Roux B, Clerc S, Bassehila M, Lecomte A, 
Moncomble E, et al. Chatbot-based serious games: A useful 
tool for training medical students? A randomized controlled 
trial. PLoS One. 2023;18(3):e0278673. DOI: https://doi.
org/10.1371/journal.pone.0278673. 

30.	 Suebnukarn S, Haddawy P. A Bayesian approach to generating 
tutorial hints in a collaborative medical problem-based 
learning system. Artif Intell Med. 2006;38(1):5-24. DOI: 
https://doi.org/10.1016/j.artmed.2005.04.003. 

31.	 Cheng CT, Chen CC, Fu CY, Chaou CH, Wu YT, Hsu CP, 
et al. Artificial intelligence-based education assists medical 
students' interpretation of hip fracture. Insights Imaging. 
2020;11(1):119. DOI: https://doi.org/10.1186/s13244-020-
00932-0. 

32.	 Ilgaz HB, Çelik Z. The Significance of Artificial Intelligence 
Platforms in Anatomy Education: An Experience With 
ChatGPT and Google Bard. Cureus. 2023;15(9):e45301. 
DOI: https://doi.org/10.7759/cureus.45301. 

33.	 Ignjatović A, Stevanović L. Efficacy and limitations of 
ChatGPT as a biostatistical problem-solving tool in medical 
education in Serbia: a descriptive study. J Educ Eval 
Health Prof. 2023;20:28. DOI: https://doi.org/10.3352/
jeehp.2023.20.28. 

34.	 Narayanan S, Ramakrishnan R, Durairaj E, Das A. Artificial 
Intelligence Revolutionizing the Field of Medical Education. 
Cureus. 2023;15(11):e49604. DOI: https://doi.org/10.7759/
cureus.49604. 

This is an open access article distributed under the terms of the Creative Commons Attribution License.

https://doi.org/10.29060/taps.2021-6-3/sc2394
https://doi.org/10.1016/j.chest.2023.08.015
https://doi.org/10.1016/j.chest.2023.08.015
https://doi.org/10.1371/journal.pone.0278673
https://doi.org/10.1371/journal.pone.0278673
https://doi.org/10.1016/j.artmed.2005.04.003
https://doi.org/10.1186/s13244-020-00932-0
https://doi.org/10.1186/s13244-020-00932-0
https://doi.org/10.7759/cureus.45301
https://doi.org/10.3352/jeehp.2023.20.28
https://doi.org/10.3352/jeehp.2023.20.28
https://doi.org/10.7759/cureus.49604
https://doi.org/10.7759/cureus.49604


IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

14

Ap
pe

n
d

ix
 1

. E
vi

d
en

c
e s

yn
t

h
es

is
.

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Su
eb

nu
ka

rn
, 

H
ad

da
w

y.
20

06
Th

ai
la

nd
12

0 
m

ed
ic

al
 

stu
de

nt
s a

nd
 

10
 tu

to
rs

M
ix

ed
 

m
et

ho
ds

 st
ud

y

D
ev

el
op

m
en

t o
f 

re
pr

es
en

ta
tio

na
l t

ec
hn

iq
ue

s 
an

d 
al

go
rit

hm
s f

or
 g

en
er

at
in

g 
tu

to
rin

g 
hi

nt
s i

n 
gr

ou
p 

pr
ob

le
m

-s
ol

vi
ng

 in
 P

BL
, a

s 
w

el
l a

s t
he

 im
pl

em
en

ta
tio

n 
of

 th
es

e 
te

ch
ni

qu
es

 in
 a

 
co

lla
bo

ra
tiv

e 
in

te
lli

ge
nt

 
tu

to
rin

g 
sy

ste
m

, C
O

M
ET

.

O
n 

av
er

ag
e,

 7
4.

17
%

 o
f h

um
an

 tu
to

rs
 u

se
d 

th
e 

sa
m

e 
hi

nt
 a

s C
O

M
ET

. 
Th

e 
m

os
t s

im
ila

r h
um

an
 tu

to
r a

gr
ee

d 
w

ith
 C

O
M

ET
 8

3%
 o

f t
he

 ti
m

e,
 

an
d 

th
e 

le
as

t s
im

ila
r t

ut
or

 a
gr

ee
d 

62
%

 o
f t

he
 ti

m
e.

 O
ur

 re
su

lts
 sh

ow
 

th
at

 C
O

M
ET

 h
in

ts 
ag

re
e 

w
ith

 th
e 

hi
nt

s o
f m

os
t h

um
an

 tu
to

rs
 w

ith
 

a 
hi

gh
 d

eg
re

e 
of

 st
at

ist
ic

al
 a

gr
ee

m
en

t (
M

cN
em

ar
 te

st,
 p

=0
.6

52
, κ

 =
 

0.
77

3)
. Th

e 
fo

cu
s o

f t
he

 g
ro

up
 a

ct
iv

ity
 c

ho
se

n 
by

 C
O

M
ET

 a
gr

ee
s w

ith
 

th
at

 c
ho

se
n 

by
 m

os
t h

um
an

 tu
to

rs
 w

ith
 a

 h
ig

h 
de

gr
ee

 o
f s

ta
tis

tic
al

 
ag

re
em

en
t (

M
cN

em
ar

 te
st,

 p
=0

.7
74

, κ
 =

 0
.8

23
). 

Ba
ye

sia
n 

ne
tw

or
k 

cl
in

ic
al

 re
as

on
in

g 
m

od
el

s c
an

 b
e 

co
m

bi
ne

d 
w

ith
 g

en
er

ic
 tu

to
rin

g 
str

at
eg

ie
s t

o 
su

cc
es

sfu
lly

 e
m

ul
at

e 
hu

m
an

 tu
to

r h
in

ts 
in

 m
ed

ic
al

 g
ro

up
 

PB
L.

M
ai

ch
er

 e
t a

l.
20

19
U

SA
N

on
ex

ist
en

t
Q

ua
nt

ita
tiv

e 
cr

os
s-

se
ct

io
na

l 
stu

dy

To
 d

es
cr

ib
e 

a 
sta

nd
ar

di
ze

d 
vi

rt
ua

l p
at

ie
nt

 sy
ste

m
 (V

PS
) 

th
at

 a
llo

w
s s

tu
de

nt
s t

o 
pr

ac
tic

e 
th

ei
r h

ist
or

y-
ta

ki
ng

 sk
ill

s a
nd

 
re

ce
iv

e 
im

m
ed

ia
te

 fe
ed

ba
ck

.

Th
e 

ov
er

al
l s

co
re

s c
om

pu
te

d 
by

 th
e 

co
m

pu
te

r w
er

e 
no

t d
iff

er
en

t f
ro

m
 

th
os

e 
pr

ov
id

ed
 b

y 
hu

m
an

 a
ss

es
so

rs
, a

nd
 th

e 
ov

er
al

l a
cc

ur
ac

y 
of

 th
e 

co
m

pu
te

r s
ys

te
m

 w
as

 8
7%

, c
om

pa
re

d 
to

 9
0%

 fo
r h

um
an

 a
ss

es
so

rs
. 

In
te

r-
ra

te
r r

el
ia

bi
lit

y 
w

as
 h

ig
h 

in
 1

9 
ou

t o
f 2

1 
ca

te
go

rie
s. 

W
e 

ha
ve

 
de

ve
lo

pe
d 

a 
sta

nd
ar

di
ze

d 
vi

rt
ua

l p
at

ie
nt

 sy
ste

m
 th

at
 c

an
 u

nd
er

sta
nd

, 
re

sp
on

d 
to

, c
at

eg
or

ize
, a

nd
 a

ss
es

s s
tu

de
nt

s' 
pe

rfo
rm

an
ce

 in
 in

fo
rm

at
io

n 
ga

th
er

in
g 

du
rin

g 
a 

ty
pi

ca
l m

ed
ic

al
 h

ist
or

y, 
th

er
eb

y 
al

lo
w

in
g 

stu
de

nt
s t

o 
pr

ac
tic

e 
th

ei
r h

ist
or

y-
ta

ki
ng

 sk
ill

s a
nd

 re
ce

iv
e 

im
m

ed
ia

te
 fe

ed
ba

ck
.

C
he

ng
 e

t a
l.

20
20

Ta
iw

an
30

 m
ed

ic
al

 
stu

de
nt

s
R

an
do

m
ize

d 
co

nt
ro

lle
d 

tr
ia

l

To
 a

pp
ly

 a
 p

ro
sp

ec
tiv

e 
bl

in
d 

im
ag

e 
ed

uc
at

io
n 

sy
ste

m
 

de
ve

lo
pe

d 
by

 th
em

 a
nd

 
co

nfi
rm

in
g 

if 
AI

 c
an

 su
pp

or
t 

m
ed

ic
al

 st
ud

en
ts 

an
d 

he
lp

 
th

em
 le

ar
n 

w
ith

 c
on

fid
en

ce
.

Pr
e-

le
ar

ni
ng

 p
er

fo
rm

an
ce

 w
as

 c
om

pa
ra

bl
e 

in
 b

ot
h 

gr
ou

ps
. I

n 
th

e 
C

L 
gr

ou
p,

 p
os

t-l
ea

rn
in

g 
ac

cu
ra

cy
 (7

8.
66

 ±
 1

4.
53

) w
as

 h
ig

he
r t

ha
n 

pr
e-

le
ar

ni
ng

 a
cc

ur
ac

y 
(7

5.
86

 ±
 1

1.
36

) w
ith

ou
t s

ig
ni

fic
an

t d
iff

er
en

ce
 

(p
=0

.6
4)

. Th
e 

AI
L 

gr
ou

p 
sh

ow
ed

 n
ot

ab
le

 im
pr

ov
em

en
t. 

Th
e W

ith
AI

 
sc

or
e 

(8
8.

87
 ±

 5
.5

1)
 w

as
 si

gn
ifi

ca
nt

ly
 h

ig
he

r t
ha

n 
th

e 
pr

e-
le

ar
ni

ng
 

sc
or

e 
(7

5.
73

 ±
 1

0.
58

, p
 <

 0
.0

1)
. F

ur
th

er
m

or
e,

 p
os

t-l
ea

rn
in

g 
sc

or
e 

(8
4.

93
 ±

 1
4.

53
) w

as
 b

et
te

r t
ha

n 
pr

e-
le

ar
ni

ng
 sc

or
e 

(p
 <

 0
.0

1)
. Th

e 
in

cr
ea

se
 in

 a
cc

ur
ac

y 
w

as
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 in

 th
e 

AI
L 

gr
ou

p 
th

an
 

in
 th

e 
C

L 
gr

ou
p.

 Th
e 

stu
dy

 d
em

on
str

at
ed

 th
e 

fe
as

ib
ili

ty
 o

f A
I t

o 
en

ha
nc

e 
m

ed
ic

al
 e

du
ca

tio
n.

 In
te

gr
at

io
n 

of
 A

I i
nt

o 
m

ed
ic

al
 e

du
ca

tio
n 

re
qu

ire
s d

yn
am

ic
 c

ol
la

bo
ra

tio
n 

fro
m

 re
se

ar
ch

, c
lin

ic
al

, a
nd

 e
du

ca
tio

na
l 

pe
rs

pe
ct

iv
es

.

co
nt

in
ue

...



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

15

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

C
ia

nc
io

lo
, 

La
Vo

ie
, 

Pa
rk

er
20

21
U

SA

12
1 

e 
m

ed
ic

al
 

stu
de

nt
s e

 
52

 c
lin

ic
al

 
pr

of
es

so
rs

M
ix

ed
 

m
et

ho
ds

 st
ud

y

To
 a

ss
es

s t
he

 a
tti

tu
de

s o
f 

m
ed

ic
al

 st
ud

en
ts 

an
d 

fa
cu

lty
 

to
w

ar
ds

 A
I, 

in
 p

re
pa

ra
tio

n 
fo

r t
ea

ch
in

g 
AI

 fu
nd

am
en

ta
ls 

an
d 

da
ta

 sc
ie

nc
e 

ap
pl

ic
at

io
ns

 
in

 c
lin

ic
al

 p
ra

ct
ic

e 
w

ith
in

 a
n 

in
te

gr
at

ed
 m

ed
ic

al
 e

du
ca

tio
n 

cu
rr

ic
ul

um
.

O
nl

y 
30

%
 o

f s
tu

de
nt

s a
nd

 5
0%

 o
f f

ac
ul

ty
 re

sp
on

de
d 

th
at

 th
ey

 w
er

e 
aw

ar
e 

of
 A

I t
op

ic
s i

n 
m

ed
ic

in
e.

 Th
e 

m
aj

or
ity

 o
f s

tu
de

nt
s (

72
%

) a
nd

 
fa

cu
lty

 (5
9%

) l
ea

rn
ed

 a
bo

ut
 A

I t
hr

ou
gh

 th
e 

m
ed

ia
. F

ac
ul

ty
 w

er
e 

m
or

e 
lik

el
y 

to
 re

po
rt

 n
ot

 h
av

in
g 

a 
ba

sic
 u

nd
er

sta
nd

in
g 

of
 A

I t
ec

hn
ol

og
ie

s 
(χ

2,
 p

=.
03

1)
. S

tu
de

nt
s w

er
e 

m
or

e 
in

te
re

ste
d 

in
 A

I i
n 

pa
tie

nt
 c

ar
e 

tr
ai

ni
ng

, w
hi

le
 fa

cu
lty

 w
er

e 
m

or
e 

in
te

re
ste

d 
in

 A
I i

n 
te

ac
hi

ng
 tr

ai
ni

ng
 

(χ
2,

 p
=0

.0
01

). 
Ad

di
tio

na
lly

, s
tu

de
nt

s a
nd

 fa
cu

lty
 re

po
rt

ed
 c

om
pa

ra
bl

e 
at

tit
ud

es
 to

w
ar

ds
 A

I, 
lim

ite
d 

AI
 li

te
ra

cy
, a

nd
 ti

m
e 

co
ns

tr
ai

nt
s i

n 
th

e 
cu

rr
ic

ul
um

. Th
er

e 
is 

in
te

re
st 

in
 b

ro
ad

 a
nd

 d
ee

p 
AI

 to
pi

cs
. F

in
di

ng
s 

in
 m

ed
ic

al
 st

ud
en

ts 
an

d 
fa

cu
lty

 p
ar

al
le

l r
es

ul
ts 

fro
m

 A
I r

es
ea

rc
h 

in
 

ot
he

r p
ro

fe
ss

io
na

l g
ro

up
s p

ub
lis

he
d.

 Th
e 

re
se

ar
ch

 c
on

cl
us

iv
el

y 
pr

ov
ed

 
in

te
re

st 
am

on
g 

m
ed

ic
al

 st
ud

en
ts 

an
d 

fa
cu

lty
 in

 A
I t

ec
hn

ol
og

y 
ov

er
al

l 
an

d 
its

 a
pp

lic
at

io
ns

 in
 h

ea
lth

 a
nd

 m
ed

ic
in

e.
 M

ac
hi

ne
 sc

or
es

 c
or

re
la

te
d 

m
or

e 
str

on
gl

y 
w

ith
 fa

cu
lty

 ra
tin

gs
 th

an
 fa

cu
lty

 ra
tin

gs
 d

id
 w

ith
 e

ac
h 

ot
he

r (
m

ac
hi

ne
: .

28
–.

53
, f

ac
ul

ty
: .

13
–.

33
) a

nd
 w

er
e 

le
ss

 sp
ec

ifi
c 

to
 

th
e 

ca
se

. M
ac

hi
ne

 sc
or

es
 a

nd
 fa

cu
lty

 ra
tin

gs
 w

er
e 

eq
ua

lly
 c

or
re

la
te

d 
w

ith
 m

ed
ic

al
 k

no
w

le
dg

e,
 c

lin
ic

al
 c

og
ni

tio
n,

 a
nd

 p
re

vi
ou

s d
ia

gn
os

tic
 

ra
tio

na
le

. M
ac

hi
ne

 sc
or

es
 w

er
e 

m
or

e 
str

on
gl

y 
as

so
ci

at
ed

 w
ith

 c
lin

ic
al

 
co

m
m

un
ic

at
io

n 
th

an
 fa

cu
lty

 ra
tin

gs
 (.

43
 v

s .
31

).

K
on

g 
et

 a
l.

20
21

Si
ng

ap
or

e
10

6 
m

ed
ic

al
 

stu
de

nt
s

C
oh

or
t

To
 d

es
cr

ib
e 

th
e 

su
pp

le
m

en
ta

ry
 

us
e 

of
 V

IP
 in

 th
e 

se
co

nd
-y

ea
r 

cl
as

s, 
w

he
re

 a
 p

ilo
t s

tu
dy

 w
as

 
co

nd
uc

te
d.

O
f t

he
 1

06
 p

ar
tic

ip
an

ts,
 8

7%
 a

gr
ee

d 
or

 st
ro

ng
ly

 a
gr

ee
d 

th
at

 th
e 

us
e 

of
 th

e V
IP

 h
el

pe
d 

th
em

 re
m

em
be

r t
he

 c
on

te
nt

, w
hi

le
 6

9%
 o

f 
th

em
 fe

lt 
th

at
 th

e V
IP

 in
cr

ea
se

d 
th

ei
r c

on
fid

en
ce

 a
nd

 c
om

pe
te

nc
e 

in
 

hi
sto

ry
-ta

ki
ng

. Th
e V

IP
 w

as
 w

el
l-r

ec
ei

ve
d 

by
 st

ud
en

ts 
an

d 
sh

ow
ed

 
pr

om
ise

 a
s a

 to
ol

 to
 c

om
pl

em
en

t h
ist

or
y 

tu
to

ria
l s

es
sio

ns
, p

rio
r t

o 
stu

de
nt

s' 
en

co
un

te
rs

 w
ith

 S
Ps

 a
nd

 re
al

 p
at

ie
nt

s. 
Th

er
ef

or
e,

 th
is 

tre
nd

 
de

m
on

str
at

ed
 it

s p
ot

en
tia

l a
s a

n 
al

te
rn

at
iv

e 
w

he
n 

cl
in

ic
al

 ro
ta

tio
ns

 w
er

e 
po

stp
on

ed
 o

r c
an

ce
le

d.

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1

co
nt

in
ue

...



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

16

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

C
ho

i e
t a

l.
20

22
So

ut
h 

K
or

ea
30

 m
ed

ic
al

 
stu

de
nt

s
R

an
do

m
ize

d 
co

nt
ro

lle
d 

tr
ia

l

To
 d

et
er

m
in

e 
w

hi
ch

 o
f t

he
 

4 
la

ry
ng

os
co

pe
s, 

in
cl

ud
in

g 
th

e 
A-

LR
YN

G
O

, a
 n

ew
ly

 
de

ve
lo

pe
d 

ch
an

ne
l-t

yp
e 

vi
de

ol
ar

yn
go

sc
op

e 
w

ith
 

an
 e

m
be

dd
ed

 a
rt

ifi
ci

al
 

in
te

lli
ge

nc
e-

ba
se

d 
gl

ot
tis

 
gu

id
an

ce
 sy

ste
m

, i
s s

ui
ta

bl
e 

fo
r n

ov
ic

e 
m

ed
ic

al
 st

ud
en

ts'
 

tr
ac

he
al

 in
tu

ba
tio

n 
tr

ai
ni

ng
 

us
in

g 
pe

rs
on

al
 p

ro
te

ct
iv

e 
eq

ui
pm

en
t (

PP
E)

.

Th
e 

tim
e 

to
 fu

lly
 in

se
rt

 th
e 

en
do

tr
ac

he
al

 tu
be

 w
ith

 th
e 

M
ac

in
to

sh
 

la
ry

ng
os

co
pe

 d
id

 n
ot

 c
ha

ng
e 

sig
ni

fic
an

tly
 (p

=.
17

7)
, b

ut
 th

e 
re

m
ai

ni
ng

 
ou

tc
om

es
 im

pr
ov

ed
 si

gn
ifi

ca
nt

ly
 a

fte
r t

he
 p

ra
ct

ic
al

 w
or

ks
ho

p 
(a

ll 
p<

0.
05

). 
D

es
pi

te
 b

ei
ng

 n
ov

ic
e 

pr
ac

tit
io

ne
rs

 w
ith

 n
o 

in
tu

ba
tio

n 
ex

pe
rie

nc
e 

an
d 

us
in

g 
PP

E,
 c

ha
nn

el
-ty

pe
 v

id
eo

la
ry

ng
os

co
pe

s w
er

e 
as

so
ci

at
ed

 w
ith

 g
oo

d 
in

tu
ba

tio
n 

pe
rfo

rm
an

ce
 b

ef
or

e 
th

e 
pr

ac
tic

al
 

w
or

ks
ho

p 
(a

ll 
p<

0.
00

1)
. Th

e 
ar

tifi
ci

al
 in

te
lli

ge
nc

e-
ba

se
d 

gl
ot

tis
 

gu
id

an
ce

 sy
ste

m
 o

f t
he

 A
-L

RY
N

G
O

 sh
ow

ed
 9

3.
1%

 a
cc

ur
ac

y, 
bu

t 
20

.7
%

 o
f t

ria
ls 

w
er

e 
gu

id
ed

 b
y 

vo
ca

l f
ol

ds
.

Fa
zll

ol
ah

i 
et

 a
l.

20
22

C
an

ad
a

70
 m

ed
ic

al
 

stu
de

nt
s

R
an

do
m

ize
d 

co
nt

ro
lle

d 
tr

ia
l

To
 d

et
er

m
in

e 
ho

w
 v

irt
ua

l 
re

al
ity

-b
as

ed
 si

m
ul

at
io

n 
(V

O
A)

 
an

d 
re

m
ot

e 
ex

pe
rt

 in
str

uc
tio

n 
co

m
pa

re
 in

 th
e 

ac
qu

isi
tio

n 
of

 
sk

ill
s, 

aff
ec

tiv
e 

ou
tc

om
es

, a
nd

 
co

gn
iti

ve
 o

ut
co

m
es

 o
f s

tu
de

nt
s 

du
rin

g 
su

rg
ic

al
 si

m
ul

at
io

n 
tr

ai
ni

ng
.

Th
e 

IC
EM

S 
ev

al
ua

te
d 

35
0 

pr
ac

tic
al

 re
se

ct
io

ns
, a

nd
 b

ot
h 

th
e 

IC
EM

S 
an

d 
O

SA
T

S 
ev

al
ua

te
d 

70
 re

al
ist

ic
 re

se
ct

io
ns

. V
O

A 
sig

ni
fic

an
tly

 
im

pr
ov

ed
 p

ra
ct

ic
al

 e
xp

er
ie

nc
e 

sc
or

es
 b

y 
0.

66
 (9

5%
 C

I, 
0.

55
 to

 0
.7

7)
 

po
in

ts 
co

m
pa

re
d 

to
 th

e 
in

str
uc

to
r g

ro
up

 a
nd

 b
y 

0.
65

 (9
5%

 C
I, 

0.
54

 
to

 0
.7

7)
 p

oi
nt

s c
om

pa
re

d 
to

 th
e 

co
nt

ro
l g

ro
up

 (p
<0

.0
01

). 
Re

al
ist

ic
 

pr
ofi

ci
en

cy
 sc

or
es

 w
er

e 
sig

ni
fic

an
tly

 h
ig

he
r f

or
 th

e V
O

A 
gr

ou
p 

co
m

pa
re

d 
to

 th
e 

in
str

uc
to

r (
di

ffe
re

nc
e 

of
 0

.5
3 

[9
5%

 C
I, 

0.
40

 to
 0

.6
7]

 
po

in
ts;

 p
<0

.0
01

) a
nd

 c
on

tro
l (

di
ffe

re
nc

e 
of

 0
.4

9 
[9

5%
 C

I, 
0.

34
 to

 
0.

61
] p

oi
nt

s; 
p<

0.
00

1)
 g

ro
up

s. 
Av

er
ag

e 
ov

er
al

l O
SA

T
S 

ra
tin

gs
 w

er
e 

no
t s

ta
tis

tic
al

ly
 si

gn
ifi

ca
nt

 a
m

on
g 

th
e V

O
A 

(4
.6

3 
[9

5%
 C

I, 
4.

06
 to

 
5.

20
] p

oi
nt

s)
, i

ns
tr

uc
to

r (
4.

40
 [9

5%
 C

I, 
3.

88
 to

 4
.9

1]
 p

oi
nt

s)
, a

nd
 

co
nt

ro
l (

3.
86

 [9
5%

 C
I, 

3.
44

 to
 4

.2
7]

 p
oi

nt
s)

 g
ro

up
s. 

H
ow

ev
er

, i
n 

O
SA

T
S 

su
bs

co
re

s, 
V

O
A 

sig
ni

fic
an

tly
 im

pr
ov

ed
 th

e 
av

er
ag

e 
ov

er
al

l 
O

SA
T

S 
su

bs
co

re
 c

om
pa

re
d 

to
 th

e 
co

nt
ro

l g
ro

up
 (m

ea
n 

di
ffe

re
nc

e,
 1

.0
4 

[9
5%

 C
I, 

0.
13

 to
 1

.9
6]

 p
oi

nt
s; 

p=
0.

02
), 

w
hi

le
 sp

ec
ia

liz
ed

 in
str

uc
tio

n 
sig

ni
fic

an
tly

 im
pr

ov
ed

 O
SA

T
S 

su
bs

co
re

s f
or

 in
str

um
en

t h
an

dl
in

g 
vs

 
co

nt
ro

l (
m

ea
n 

di
ffe

re
nc

e,
 1

.1
8 

[9
5%

 C
I, 

0.
22

 to
 2

.1
4]

; p
=0

.0
1)

. N
o 

sig
ni

fic
an

t d
iff

er
en

ce
s w

er
e 

fo
un

d 
in

 c
og

ni
tiv

e 
lo

ad
, p

os
iti

ve
 a

ct
iv

at
io

n,
 

an
d 

ne
ga

tiv
e 

em
ot

io
ns

. Th
er

ef
or

e,
 V

O
A 

fe
ed

ba
ck

 d
em

on
str

at
ed

 
su

pe
rio

r p
er

fo
rm

an
ce

 o
ut

co
m

e 
an

d 
sk

ill
 tr

an
sfe

r, 
w

ith
 e

qu
iv

al
en

t 
O

SA
T

S 
ra

tin
gs

 a
nd

 c
og

ni
tiv

e 
an

d 
em

ot
io

na
l r

es
po

ns
es

 c
om

pa
re

d 
to

 re
m

ot
e 

ex
pe

rt
 in

str
uc

tio
n,

 in
di

ca
tin

g 
ad

va
nt

ag
es

 fo
r i

ts 
us

e 
in

 
sim

ul
at

io
n 

tr
ai

ni
ng

.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

17

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Ag
ar

w
al

, 
Sh

ar
m

a,
 

G
os

w
am

i.
20

23
In

di
a

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 e

va
lu

at
e 

an
d 

co
m

pa
re

 th
e 

ap
pl

ic
ab

ili
ty

 o
f C

ha
tG

PT
, 

Ba
rd

, a
nd

 B
in

g 
in

 g
en

er
at

in
g 

re
as

on
in

g-
ba

se
d 

M
C

Q
s 

fo
r u

nd
er

gr
ad

ua
te

 M
BB

S 
(B

ac
he

lo
r o

f M
ed

ic
in

e,
 

Ba
ch

el
or

 o
f S

ur
ge

ry
) s

tu
de

nt
s 

on
 th

e 
su

bj
ec

t o
f p

hy
sio

lo
gy

.

C
ha

tG
PT

 a
nd

 B
ar

d 
ge

ne
ra

te
d 

11
0 

M
C

Q
s f

or
 th

e 
ch

os
en

 
co

m
pe

te
nc

ie
s. 

H
ow

ev
er

, B
in

g 
pr

ov
id

ed
 o

nl
y 

10
0 

M
C

Q
s a

s i
t f

ai
le

d 
to

 g
en

er
at

e 
th

em
 fo

r t
w

o 
co

m
pe

te
nc

ie
s. 

Th
e 

va
lid

ity
 o

f M
C

Q
s w

as
 

ra
te

d 
as

 3
 (3

-3
) f

or
 C

ha
tG

PT
, 3

 (1
.5

-3
) f

or
 B

ar
d,

 a
nd

 3
 (1

.5
-3

) f
or

 
Bi

ng
, s

ho
w

in
g 

a 
sig

ni
fic

an
t d

iff
er

en
ce

 (p
 <

 0
.0

01
) a

m
on

g 
th

e 
m

od
el

s. 
Th

e 
di

ffi
cu

lty
 o

f M
C

Q
s w

as
 ra

te
d 

as
 1

 (0
-1

) f
or

 C
ha

tG
PT

, 1
 (1

-2
) f

or
 

Ba
rd

, a
nd

 1
 (1

-2
) f

or
 B

in
g,

 w
ith

 a
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 (p

=0
.0

06
). 

Th
e 

re
as

on
in

g 
ab

ili
ty

 re
qu

ire
d 

to
 a

ns
w

er
 th

e 
M

C
Q

s w
as

 ra
te

d 
as

 1
 (1

-2
) f

or
 

C
ha

tG
PT

, 1
 (1

-2
) f

or
 B

ar
d,

 a
nd

 1
 (1

-2
) f

or
 B

in
g,

 w
ith

 n
o 

sig
ni

fic
an

t 
di

ffe
re

nc
e 

(p
=0

.2
35

). 
K

 w
as

 ≥
 0

.8
 fo

r a
ll 

th
re

e 
pa

ra
m

et
er

s i
n 

al
l t

hr
ee

 
AI

 m
od

el
s. 

AI
 st

ill
 n

ee
ds

 to
 e

vo
lv

e 
to

 g
en

er
at

e 
re

as
on

in
g-

ba
se

d 
M

C
Q

s 
in

 m
ed

ic
al

 p
hy

sio
lo

gy
. C

ha
tG

PT
, B

ar
d,

 a
nd

 B
in

g 
sh

ow
ed

 c
er

ta
in

 
lim

ita
tio

ns
. B

in
g 

ge
ne

ra
te

d 
sig

ni
fic

an
tly

 fe
w

er
 v

al
id

 M
C

Q
s, 

w
hi

le
 

C
ha

tG
PT

 g
en

er
at

ed
 si

gn
ifi

ca
nt

ly
 le

ss
 d

iffi
cu

lt 
M

C
Q

s.

Al
 K

ah
f e

t a
l.

20
23

Fr
an

ce
35

9 
m

ed
ic

al
 

stu
de

nt
s

R
an

do
m

ize
d 

co
nt

ro
lle

d 
tr

ia
l

To
 a

ss
es

s t
he

 im
pa

ct
 o

f 
C

ha
tp

ro
gr

es
s, 

a 
ch

at
bo

t-
ba

se
d 

ga
m

e 
de

ve
lo

pe
d 

at
 th

e 
U

ni
ve

rs
ity

 P
ar

is 
D

es
ca

rt
es

 
co

nt
ai

ni
ng

 8
 p

ne
um

ol
og

y 
ca

se
s, 

on
 st

ud
en

ts'
 su

cc
es

s r
at

es
 

in
 th

ei
r fi

na
l e

xa
m

s.

D
iff

er
en

ce
s i

n 
sc

or
es

 o
n 

th
e 

pn
eu

m
ol

og
y 

su
bt

es
t t

hr
ou

gh
ou

t t
he

 
ac

ad
em

ic
 y

ea
r w

er
e 

sig
ni

fic
an

tly
 g

re
at

er
 b

et
w

ee
n 

Pl
ay

er
s a

nd
 U

se
rs

 v
s. 

C
on

tro
ls 

(a
ve

ra
ge

 sc
or

e:
 1

2.
7/

20
 v

s. 
12

.0
/2

0,
 p

=0
.0

10
4 

an
d 

av
er

ag
e 

sc
or

e:
 1

2.
7/

20
 v

s. 
12

.0
/2

0,
 p

=0
.0

36
5,

 re
sp

ec
tiv

el
y)

. Th
is 

sig
ni

fic
an

t 
di

ffe
re

nc
e 

w
as

 a
lso

 p
re

se
nt

 in
 th

e 
ov

er
al

l s
co

re
s o

f t
he

 P
C

C
 te

st:
 

(a
ve

ra
ge

 sc
or

e:
 1

2.
5/

20
 v

s. 
12

.1
/2

0,
 p

=0
.0

28
5 

an
d 

12
.6

/2
0 

vs
. 1

2.
1/

20
, 

p=
0.

03
55

, r
es

pe
ct

iv
el

y)
. A

lth
ou

gh
 n

o 
sig

ni
fic

an
t c

or
re

la
tio

n 
w

as
 fo

un
d 

be
tw

ee
n 

pn
eu

m
ol

og
y 

su
bt

es
t s

co
re

s a
nd

 M
S 

at
te

nd
an

ce
 p

ar
am

et
er

s 
(n

um
be

r o
f g

am
es

 c
om

pl
et

ed
 o

ut
 o

f t
he

 8
 p

ro
po

se
d 

to
 U

se
rs

 a
nd

 
nu

m
be

r o
f t

im
es

 a
 U

se
r c

om
pl

et
ed

 a
 g

am
e)

, t
he

re
 w

as
 a

 tr
en

d 
fo

r a
 

be
tte

r c
or

re
la

tio
n 

w
he

n 
us

er
s w

er
e 

as
se

ss
ed

 o
n 

a 
su

bj
ec

t c
ov

er
ed

 b
y 

C
ha

tp
ro

gr
es

s. 
M

S 
w

as
 a

lso
 fo

un
d 

to
 b

e 
fo

nd
 o

f t
hi

s t
ea

ch
in

g 
to

ol
, 

as
ki

ng
 fo

r m
or

e 
pe

da
go

gi
ca

l f
ee

db
ac

k 
ev

en
 w

he
n 

th
ey

 a
ns

w
er

ed
 

qu
es

tio
ns

 c
or

re
ct

ly.
 Th

is 
ra

nd
om

ize
d 

co
nt

ro
lle

d 
tr

ia
l i

s t
he

 fi
rs

t t
o 

de
m

on
str

at
e 

a 
sig

ni
fic

an
t i

m
pr

ov
em

en
t i

n 
stu

de
nt

 o
ut

co
m

es
 (b

ot
h 

in
 

th
e 

pn
eu

m
ol

og
y 

su
bt

es
t a

nd
 in

 th
e 

ov
er

al
l P

C
C

 e
xa

m
) w

he
n 

th
ey

 h
ad

 
ac

ce
ss

 to
 C

ha
tb

ot
s, 

an
d 

ev
en

 m
or

e 
so

 w
he

n 
th

ey
 a

ct
ua

lly
 u

se
d 

it. co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

18

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Br
ee

di
ng

 e
t 

al
.

20
23

U
SA

56
 m

ed
ic

al
 

stu
de

nt
s

Q
ua

lit
at

iv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 e

va
lu

at
e 

ho
w

 m
ed

ic
al

 
stu

de
nt

s a
nd

 la
yp

eo
pl

e 
as

se
ss

 
th

e 
in

fo
rm

at
io

n 
ge

ne
ra

te
d 

by
 

C
ha

tG
PT

 c
om

pa
re

d 
to

 a
n 

ev
id

en
ce

-b
as

ed
 re

so
ur

ce
 o

n 
th

e 
di

ag
no

sis
 a

nd
 m

an
ag

em
en

t o
f 5

 
co

m
m

on
 su

rg
ic

al
 c

on
di

tio
ns

.

O
ut

 o
f t

he
 5

6 
su

rv
ey

 p
ar

tic
ip

an
ts,

 5
0.

9%
 (n

 =
 2

8)
 w

er
e 

m
ed

ic
al

 
stu

de
nt

s f
ro

m
 th

e 
U

S 
an

d 
49

.1
%

 (n
 =

 2
7)

 w
er

e 
fro

m
 th

e 
ge

ne
ra

l 
po

pu
la

tio
n.

 M
ed

ic
al

 st
ud

en
ts 

re
po

rt
ed

 th
at

 C
ha

tG
PT

 a
rt

ic
le

s 
ex

hi
bi

te
d 

sig
ni

fic
an

tly
 m

or
e 

cl
ar

ity
 (a

pp
en

di
ci

tis
: 4

.3
9 

vs
 3

.8
9,

 p
=.

02
0;

 
di

ve
rt

ic
ul

iti
s: 

4.
54

 v
s 3

.6
8,

 p
<.

00
1;

 S
BO

: 4
.4

3 
vs

 3
.7

9,
 p

=.
00

3;
 G

I 
bl

ee
di

ng
: 4

.3
6 

vs
 3

.9
3,

 p
=.

02
0)

 a
nd

 b
et

te
r o

rg
an

iza
tio

n 
(d

iv
er

tic
ul

iti
s: 

4.
36

 v
s 3

.6
8,

 p
=.

02
1;

 S
BO

: 4
.3

9 
vs

 3
.8

2,
 p

=.
03

3)
 th

an
 e

vi
de

nc
e-

ba
se

d 
so

ur
ce

s. 
H

ow
ev

er
, f

or
 a

ll 
5 

co
nd

iti
on

s, 
m

ed
ic

al
 st

ud
en

ts 
fo

un
d 

ev
id

en
ce

-b
as

ed
 p

as
sa

ge
s t

o 
be

 m
or

e 
co

m
pr

eh
en

siv
e 

th
an

 C
ha

tG
PT

 
ar

tic
le

s (
ch

ol
ec

ys
tit

is:
 4

.0
4 

vs
 3

.3
6,

 p
=0

.0
09

; a
pp

en
di

ci
tis

: 4
.0

7 
vs

 3
.3

6,
 

p=
0.

01
5;

 d
iv

er
tic

ul
iti

s: 
4.

07
 v

s 3
.3

6,
 p

=0
.0

15
; s

m
al

l b
ow

el
 o

bs
tr

uc
tio

n:
 

4.
11

 v
s 3

.5
4,

 p
=0

.0
30

; u
pp

er
 G

I b
le

ed
in

g:
 4

.1
1 

vs
 3

.2
9,

 p
=0

.0
03

). 
M

ed
ic

al
 st

ud
en

ts 
pe

rc
ei

ve
d 

C
ha

tG
PT

 a
rt

ic
le

s t
o 

be
 c

le
ar

er
 a

nd
 b

et
te

r 
or

ga
ni

ze
d 

th
an

 e
vi

de
nc

e-
ba

se
d 

so
ur

ce
s o

n 
th

e 
pa

th
og

en
es

is,
 d

ia
gn

os
is,

 
an

d 
m

an
ag

em
en

t o
f 5

 c
om

m
on

 su
rg

ic
al

 p
at

ho
lo

gi
es

. H
ow

ev
er

, 
ev

id
en

ce
-b

as
ed

 a
rt

ic
le

s w
er

e 
ra

te
d 

as
 si

gn
ifi

ca
nt

ly
 m

or
e 

co
m

pr
eh

en
siv

e.

Ba
ne

rje
e 

et
 a

l.
20

23
In

di
a

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 e

xp
lo

re
 th

e 
eff

ec
tiv

en
es

s o
f 

C
ha

tG
PT

 in
 so

lv
in

g 
va

rio
us

 
re

as
on

in
g-

ba
se

d 
qu

es
tio

ns
 

ac
ro

ss
 th

e 
fiv

e 
co

re
 c

on
ce

pt
s 

ap
pl

ie
d 

to
 d

iff
er

en
t m

od
ul

es
 in

 
th

e 
su

bj
ec

t o
f p

hy
sio

lo
gy

.

Th
e 

ov
er

al
l a

ve
ra

ge
 sc

or
e 

fo
r t

he
 m

od
ul

es
 (6

0 
qu

es
tio

ns
) w

as
 3

.7
2 

± 
0.

26
, w

hi
le

 th
e 

av
er

ag
e 

sc
or

e 
ob

ta
in

ed
 fo

r t
he

 c
or

e 
co

nc
ep

ts 
(6

0 
qu

es
tio

ns
) w

as
 3

.6
8 

± 
0.

30
. A

dd
iti

on
al

ly,
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 
di

ffe
re

nc
es

 (p
=0

.0
5 

fo
r m

od
ul

es
 a

nd
 p

=0
.0

24
 fo

r c
or

e 
co

nc
ep

ts)
 

w
er

e 
ob

se
rv

ed
 a

m
on

g 
va

rio
us

 m
od

ul
es

 a
s w

el
l a

s c
or

e 
co

nc
ep

ts.
 Th

e 
sig

ni
fic

an
t d

iff
er

en
ce

s o
bs

er
ve

d 
in

 sc
or

es
 b

et
w

ee
n 

va
rio

us
 m

od
ul

es
 a

nd
 

co
re

 c
on

ce
pt

s h
ig

hl
ig

ht
 th

e 
va

ria
bl

e 
pe

rfo
rm

an
ce

 o
f t

he
 sa

m
e 

so
ftw

ar
e 

to
ol

.

C
ol

d 
et

 a
l.

20
23

D
en

m
ar

k
20

 m
ed

ic
al

 
stu

de
nt

s
R

an
do

m
ize

d 
co

nt
ro

lle
d 

tr
ia

l

To
 e

va
lu

at
e 

w
he

th
er

 
fe

ed
ba

ck
 fr

om
 a

n 
AI

-b
as

ed
 

au
to

m
at

ic
 id

en
tifi

ca
tio

n 
sy

ste
m

 o
f b

ro
nc

hi
al

 se
gm

en
ts 

im
pr

ov
es

 th
e 

en
d-

of
-tr

ai
ni

ng
 

pe
rfo

rm
an

ce
 o

f n
ov

ic
e 

br
on

ch
os

co
pi

sts
.

FG
 si

gn
ifi

ca
nt

ly
 o

ut
pe

rfo
rm

ed
 in

 a
ll 

th
re

e 
ou

tc
om

e 
m

ea
su

re
s (

m
ed

ia
n 

di
ffe

re
nc

e,
 P

 v
al

ue
): 

di
ag

no
sti

c 
co

m
pl

et
en

es
s (

3.
5 

se
gm

en
ts,

 p
<0

.0
01

), 
str

uc
tu

re
d 

pr
og

re
ss

io
n 

(1
3.

5 
co

rr
ec

t p
ro

gr
es

sio
ns

, p
<0

.0
01

), 
an

d 
pr

oc
ed

ur
e 

tim
e 

(-
21

4 
se

co
nd

s, 
p=

0.
00

2)
. T

ra
in

in
g 

gu
id

ed
 b

y 
th

is 
ne

w
 

AI
 le

ad
s n

ov
ic

es
 to

 p
er

fo
rm

 m
or

e 
co

m
pl

et
e,

 sy
ste

m
at

ic
, a

nd
 fa

ste
r 

br
on

ch
os

co
pi

es
.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

19

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

D
as

 e
t a

l.
20

23
In

di
a

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 a

na
ly

ze
 C

ha
tG

PT
's 

ab
ili

ty
 

to
 re

sp
on

d 
to

 fi
rs

t a
nd

 se
co

nd
-

or
de

r q
ue

sti
on

s o
n 

th
e 

su
bj

ec
t 

of
 m

ic
ro

bi
ol

og
y.

Th
e 

ov
er

al
l s

co
re

 o
f 9

6 
re

sp
on

se
s w

as
 4

.0
4 

± 
0.

37
 (m

ed
ia

n:
 4

.1
7,

 
Q

1-
Q

3:
 3

.8
8-

4.
34

), 
w

ith
 th

e 
av

er
ag

e 
sc

or
e 

of
 re

sp
on

se
s t

o 
fir

st-
or

de
r 

kn
ow

le
dg

e 
qu

es
tio

ns
 b

ei
ng

 4
.0

7 
± 

0.
32

 (m
ed

ia
n:

 4
.1

7,
 Q

1-
Q

3:
 

4-
4.

33
) a

nd
 th

at
 o

f r
es

po
ns

es
 to

 se
co

nd
-o

rd
er

 k
no

w
le

dg
e 

qu
es

tio
ns

 
be

in
g 

3.
99

 ±
 0

.4
3 

(m
ed

ia
n:

 4
, Q

1-
Q

3:
 3

.6
7-

4.
33

) (
M

an
n-

W
hi

tn
ey

 
p=

0.
4)

. Th
e 

sc
or

e 
w

as
 si

gn
ifi

ca
nt

ly
 b

el
ow

 th
e 

sc
or

e 
of

 5
 (o

ne
-s

am
pl

e 
m

ed
ia

n 
te

st 
p<

0.
00

01
) a

nd
 si

m
ila

r t
o 

4 
(o

ne
-s

am
pl

e 
m

ed
ia

n 
te

st 
p=

0.
09

). 
O

ve
ra

ll,
 th

er
e 

w
as

 v
ar

ia
tio

n 
in

 m
ed

ia
n 

sc
or

es
 o

bt
ai

ne
d 

ac
ro

ss
 e

ig
ht

 to
pi

c 
ca

te
go

rie
s i

n 
m

ic
ro

bi
ol

og
y, 

in
di

ca
tin

g 
in

co
ns

ist
en

t 
pe

rfo
rm

an
ce

 a
cr

os
s d

iff
er

en
t t

op
ic

s. 
Th

e 
stu

dy
 re

su
lts

 in
di

ca
te

 th
at

 
C

ha
tG

PT
 is

 c
ap

ab
le

 o
f a

ns
w

er
in

g 
bo

th
 fi

rs
t-o

rd
er

 a
nd

 se
co

nd
-o

rd
er

 
kn

ow
le

dg
e-

re
la

te
d 

qu
es

tio
ns

 in
 m

ic
ro

bi
ol

og
y. 

Th
e 

m
od

el
 a

ch
ie

ve
d 

an
 

ac
cu

ra
cy

 o
f a

pp
ro

xi
m

at
el

y 
80

%
, a

nd
 th

er
e 

w
as

 n
o 

di
ffe

re
nc

e 
in

 th
e 

m
od

el
's 

ab
ili

ty
 to

 a
ns

w
er

 fi
rs

t-o
rd

er
 q

ue
sti

on
s c

om
pa

re
d 

to
 se

co
nd

-
or

de
r k

no
w

le
dg

e 
qu

es
tio

ns
. Th

e 
fin

di
ng

s o
f t

hi
s s

tu
dy

 su
gg

es
t t

ha
t 

C
ha

tG
PT

 h
as

 th
e 

po
te

nt
ia

l t
o 

be
 a

n 
eff

ec
tiv

e 
to

ol
 fo

r a
ut

om
at

ed
 

re
sp

on
se

s t
o 

qu
es

tio
ns

 in
 th

e 
fie

ld
 o

f m
ic

ro
bi

ol
og

y.

D
ha

nv
ija

y 
et

 a
l.

20
23

In
di

a
N

on
ex

ist
en

t
Q

ua
nt

ita
tiv

e 
cr

os
s-

se
ct

io
na

l 
stu

dy

To
 e

va
lu

at
e 

th
e 

pe
rfo

rm
an

ce
 o

f 
th

re
e 

LL
M

s, 
na

m
el

y 
C

ha
tG

PT
 

(3
.5

; f
re

e 
re

se
ar

ch
 v

er
sio

n)
, 

G
oo

gl
e 

Ba
rd

 (E
xp

er
im

en
t),

 
an

d 
M

ic
ro

so
ft 

Bi
ng

 (P
re

ci
se

), 
in

 re
sp

on
di

ng
 to

 p
hy

sio
lo

gy
 

vi
gn

et
te

 c
as

es
.

Th
e 

ov
er

al
l s

co
re

s f
or

 C
ha

tG
PT

, B
in

g,
 a

nd
 B

ar
d 

in
 th

e 
stu

dy
, w

ith
 a

 
to

ta
l o

f 7
7 

ca
se

s, 
w

er
e 

co
ns

id
er

ed
 3

.1
9 

± 
0.

3,
 2

.1
5 

± 
0.

6,
 a

nd
 2

.9
1 

± 
0.

5,
 re

sp
ec

tiv
el

y, 
p 

< 
0.

00
01

. Th
er

ef
or

e,
 C

ha
tG

PT
 3

.5
 (f

re
e 

ve
rs

io
n)

 
ac

hi
ev

ed
 th

e 
hi

gh
es

t s
co

re
, B

in
g 

(P
re

ci
se

) h
ad

 th
e 

lo
w

es
t s

co
re

, a
nd

 
Ba

rd
 (E

xp
er

im
en

t) 
ra

nk
ed

 b
et

w
ee

n 
th

e 
tw

o 
in

 te
rm

s o
f p

er
fo

rm
an

ce
. 

Th
e 

m
ea

n 
IC

C
 v

al
ue

s f
or

 C
ha

tG
PT

, B
in

g,
 a

nd
 B

ar
d 

w
er

e 
0.

85
8 

(9
5%

 
C

I: 
0.

77
7 

to
 0

.9
1,

 p
 <

 0
.0

00
1)

, 0
.9

75
 (9

5%
 C

I: 
0.

96
1 

to
 0

.9
84

, 
p 

< 
0.

00
01

), 
an

d 
0.

96
4 

(9
5%

 C
I: 

0.
94

4 
to

 0
.9

77
, p

 <
 0

.0
00

1)
, 

re
sp

ec
tiv

el
y. 

C
ha

tG
PT

 o
ut

pe
rfo

rm
ed

 B
ar

d 
an

d 
Bi

ng
 in

 re
sp

on
di

ng
 

to
 c

as
e 

vi
gn

et
te

s i
n 

ph
ys

io
lo

gy
. Th

er
ef

or
e,

 st
ud

en
ts 

an
d 

te
ac

he
rs

 m
ay

 
co

ns
id

er
 c

ho
os

in
g 

LL
M

s f
or

 th
ei

r e
du

ca
tio

na
l p

ur
po

se
s a

cc
or

di
ng

 to
 

ca
se

-b
as

ed
 le

ar
ni

ng
 in

 p
hy

sio
lo

gy
.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

20

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Fa
zll

ol
ah

i 
et

 a
l.

20
23

C
an

ad
a

46
 m

ed
ic

al
 

stu
de

nt
s e

 1
4 

sp
ec

ia
lis

ts 
C

oh
or

t

To
 e

va
lu

at
e 

th
e 

pe
da

go
gi

ca
l 

va
lu

e 
of

 te
ch

ni
ca

l s
ki

lls
 se

le
ct

ed
 

by
 A

I a
nd

 th
ei

r e
xt

en
de

d 
eff

ec
ts 

on
 su

rg
ic

al
 si

m
ul

at
io

n 
tr

ai
ni

ng
.

A 
to

ta
l o

f 4
6 

m
ed

ic
al

 st
ud

en
ts 

(m
ea

n 
ag

e 
[r

an
ge

], 
22

 [1
8-

27
] y

ea
rs

; 
27

 [5
9%

] w
om

en
) a

nd
 1

4 
su

rg
eo

ns
 (m

ed
ia

n 
ag

e 
[r

an
ge

], 
45

 [3
5-

59
] 

ye
ar

s; 
14

 [1
00

%
] m

en
) w

er
e 

in
cl

ud
ed

 in
 th

is 
stu

dy
, a

nd
 n

o 
pa

rt
ic

ip
an

ts 
w

er
e 

lo
st 

to
 fo

llo
w

-u
p.

 F
ee

db
ac

k 
on

 4
 te

ch
ni

ca
l s

ki
lls

 se
le

ct
ed

 b
y 

th
e 

AI
 w

as
 a

ss
oc

ia
te

d 
w

ith
 a

dd
iti

on
al

 p
er

fo
rm

an
ce

 c
ha

ng
es

 in
 3

2 
m

et
ric

s 
th

ro
ug

ho
ut

 th
e 

en
tir

e 
pr

oc
ed

ur
e 

an
d 

20
 m

et
ric

s d
ur

in
g 

tu
m

or
 re

m
ov

al
 

th
at

 w
er

e 
no

t o
bs

er
ve

d 
in

 th
e 

co
nt

ro
l g

ro
up

. P
ar

tic
ip

an
ts 

ex
po

se
d 

to
 

th
e 

AI
-e

nh
an

ce
d 

cu
rr

ic
ul

um
 d

em
on

str
at

ed
 si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
sa

fe
ty

 m
et

ric
s, 

su
ch

 a
s r

ed
uc

ed
 h

ea
lth

y 
tis

su
e 

re
m

ov
al

 ra
te

 (d
iff

er
en

ce
 

−7
.0

5 
× 

10
−5

 [9
5%

 C
I, 

−1
.0

9 
× 

10
−4

 to
 −

3.
14

 ×
 1

0−
5]

 m
m

3 
pe

r 2
0 

m
s; 

p<
0.

00
1)

 a
nd

 m
ai

nt
en

an
ce

 o
f f

oc
us

ed
 b

im
an

ua
l c

on
tro

l o
f t

he
 

op
er

at
iv

e 
fie

ld
 (d

iff
er

en
ce

 in
 m

ax
im

um
 in

str
um

en
t d

iv
er

ge
nc

e,
 −

4.
99

 
[9

5%
 C

I, 
−8

.4
8 

to
 −

1.
49

] m
m

, p
=0

.0
06

) c
om

pa
re

d 
w

ith
 th

e 
co

nt
ro

l 
gr

ou
p.

 H
ow

ev
er

, u
ni

nt
en

de
d 

ne
ga

tiv
e 

eff
ec

ts 
w

er
e 

al
so

 o
bs

er
ve

d.
 Th

es
e 

in
cl

ud
ed

 si
gn

ifi
ca

nt
ly

 sl
ow

er
 sp

ee
d 

an
d 

ac
ce

le
ra

tio
n 

in
 th

e 
do

m
in

an
t 

ha
nd

 (s
pe

ed
: m

ea
n 

di
ffe

re
nc

e,
 −

0.
13

 [9
5%

 C
I, 

−0
.1

7 
to

 −
0.

09
] m

m
 

pe
r 2

0 
m

s; 
p<

0.
09

]; 
ac

ce
le

ra
tio

n:
 m

ea
n 

di
ffe

re
nc

e,
 −

2.
25

 ×
 1

0−
2 

[9
5%

 C
I, 

−3
.2

0 
× 

10
−2

 to
 −

1.
31

 ×
 1

0−
2]

 m
m

 p
er

 2
0 

m
s2

; p
<0

.0
01

) 
an

d 
a 

sig
ni

fic
an

t r
ed

uc
tio

n 
in

 tu
m

or
 re

m
ov

al
 ra

te
 (m

ea
n 

di
ffe

re
nc

e,
 

−4
.8

5 
× 

10
−5

 [9
5%

 C
I, 

−7
.2

2 
× 

10
−5

 to
 −

2.
48

 ×
 1

0−
5]

 m
m

3 
pe

r 2
0 

m
s; 

p<
0.

00
1)

 c
om

pa
re

d 
w

ith
 th

e 
co

nt
ro

l. 
Th

es
e 

un
in

te
nd

ed
 re

su
lts

 
di

ve
rg

ed
 st

ud
en

ts'
 m

ov
em

en
t p

er
fo

rm
an

ce
 a

nd
 e

ffi
ci

en
cy

 m
et

ric
s f

ro
m

 
sp

ec
ia

liz
at

io
n 

be
nc

hm
ar

ks
. I

n 
th

is 
stu

dy
, a

n 
AI

-e
nh

an
ce

d 
cu

rr
ic

ul
um

 
fo

r b
im

an
ua

l s
ur

gi
ca

l s
ki

lls
 re

su
lte

d 
in

 u
ni

nt
en

de
d 

ch
an

ge
s t

ha
t 

im
pr

ov
ed

 sa
fe

ty
 p

er
fo

rm
an

ce
 b

ut
 a

dv
er

se
ly

 a
ffe

ct
ed

 so
m

e 
effi

ci
en

cy
 

m
et

ric
s.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

21

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Fr
ie

de
ric

hs
, 

Fr
ie

dr
ic

hs
, 

M
är

z.
20

23
G

er
m

an
y

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 m

ea
su

re
 th

e 
le

ve
l o

f f
ac

tu
al

 
kn

ow
le

dg
e 

in
 C

ha
tG

PT
 

re
sp

on
se

s, 
co

m
pa

rin
g 

C
ha

tG
PT

's 
pe

rfo
rm

an
ce

 w
ith

 
th

at
 o

f m
ed

ic
al

 st
ud

en
ts 

on
 a

 
pr

og
re

ss
 te

st.

O
ut

 o
f t

he
 3

95
 e

va
lu

at
ed

 re
sp

on
se

s, 
65

.5
%

 o
f t

he
 p

ro
gr

es
s t

es
t 

qu
es

tio
ns

 a
ns

w
er

ed
 b

y 
C

ha
tG

PT
 w

er
e 

co
rr

ec
t. 

O
n 

av
er

ag
e,

 C
ha

tG
PT

 
re

qu
ire

d 
22

.8
 se

co
nd

s (
SD

 1
7.

5)
 fo

r a
 c

om
pl

et
e 

re
sp

on
se

, c
on

ta
in

in
g 

36
.2

 (S
D

 2
8.

1)
 w

or
ds

. Th
er

e 
w

as
 n

o 
co

rr
el

at
io

n 
be

tw
ee

n 
th

e 
tim

e 
ta

ke
n 

an
d 

w
or

d 
co

un
t w

ith
 th

e 
ac

cu
ra

cy
 o

f C
ha

tG
PT

 re
sp

on
se

s 
(c

or
re

la
tio

n 
co

effi
ci

en
t f

or
 ti

m
e 

rh
o 

= 
−0

.0
8,

 9
5%

 C
I [

−0
.1

8,
 0

.0
2]

, 
t(3

93
) =

 −
1.

55
, p

=0
.1

21
; f

or
 w

or
d 

co
un

t r
ho

 =
 −

0.
03

, 9
5%

 C
I [

−0
.1

3,
 

0.
07

], 
t(3

93
) =

 −
0.

54
, p

=0
.5

92
). 

Th
er

e 
w

as
 a

 si
gn

ifi
ca

nt
 c

or
re

la
tio

n 
be

tw
ee

n 
th

e 
di

ffi
cu

lty
 in

de
x 

of
 th

e 
M

C
Q

s a
nd

 th
e 

ac
cu

ra
cy

 o
f 

C
ha

tG
PT

 re
sp

on
se

s (
co

rr
el

at
io

n 
co

effi
ci

en
t f

or
 d

iffi
cu

lty
: r

ho
 =

 0
.1

6,
 

95
%

 C
I [

0.
06

, 0
.2

5]
, t

(3
93

) =
 3

.1
9,

 p
=0

.0
02

). 
C

ha
tG

PT
 w

as
 a

bl
e 

to
 c

or
re

ct
ly

 a
ns

w
er

 tw
o-

th
ird

s o
f a

ll 
M

C
Q

s a
t t

he
 le

ve
l o

f t
he

 st
at

e 
lic

en
sin

g 
ex

am
 in

 G
er

m
an

 P
ro

gr
es

s T
es

t M
ed

ic
in

e 
an

d 
ou

tp
er

fo
rm

ed
 

ne
ar

ly
 a

ll 
m

ed
ic

al
 st

ud
en

ts 
in

 y
ea

rs
 1

 to
 3

.

G
ho

sh
, B

ir.
20

23
In

di
a

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 d

et
er

m
in

e 
if 

C
ha

tG
PT

 
ca

n 
so

lv
e 

hi
gh

er
-o

rd
er

 
pr

ob
le

m
s r

el
at

ed
 to

 m
ed

ic
al

 
bi

oc
he

m
ist

ry
.

Th
e 

AI
 so

ftw
ar

e 
re

sp
on

de
d 

to
 2

00
 q

ue
sti

on
s t

ha
t r

eq
ui

re
d 

hi
gh

er
-o

rd
er

 
th

in
ki

ng
 w

ith
 a

 m
ed

ia
n 

sc
or

e 
of

 4
.0

 (Q
1=

3.
50

, Q
3=

4.
50

). 
U

sin
g 

a 
sin

gl
e-

sa
m

pl
e W

ilc
ox

on
 si

gn
ed

-r
an

k 
te

st,
 th

e 
re

su
lt 

w
as

 lo
w

er
 th

an
 

th
e 

hy
po

th
et

ic
al

 m
ax

im
um

 o
f fi

ve
 (p

=0
.0

01
) a

nd
 c

om
pa

ra
bl

e 
to

 fo
ur

 
(p

=0
.1

6)
. Th

er
e 

w
as

 n
o 

di
ffe

re
nc

e 
in

 re
sp

on
se

s t
o 

qu
es

tio
ns

 fr
om

 
di

ffe
re

nt
 C

BM
E 

m
od

ul
es

 in
 m

ed
ic

al
 b

io
ch

em
ist

ry
 (K

ru
sk

al
-W

al
lis

 
p=

0.
39

). 
Th

e 
re

lia
bi

lit
y 

be
tw

ee
n 

cl
as

sifi
er

s t
w

o 
pr

of
es

so
rs

. Th
e 

re
su

lts
 o

f 
th

is 
re

se
ar

ch
 in

di
ca

te
 th

at
 C

ha
tG

PT
 h

as
 th

e 
po

te
nt

ia
l t

o 
be

 a
 su

cc
es

sfu
l 

to
ol

 fo
r a

ns
w

er
in

g 
qu

es
tio

ns
 th

at
 re

qu
ire

 h
ig

he
r-

or
de

r t
hi

nk
in

g 
in

 
m

ed
ic

al
 b

io
ch

em
ist

ry
, w

ith
 a

 m
ed

ia
n 

sc
or

e 
of

 fo
ur

 o
ut

 o
f fi

ve
.

H
ol

lis
-S

an
do

 
et

 a
l.

20
23

Au
str

al
ia

18
1 

m
ed

ic
al

 
stu

de
nt

s
M

ix
ed

 
m

et
ho

ds
 st

ud
y

To
 a

ss
es

s b
ot

h 
stu

de
nt

 o
pi

ni
on

 
re

ga
rd

in
g 

th
e 

ac
ce

pt
ab

ili
ty

 
of

 c
om

pu
te

r-
ba

se
d 

sc
or

in
g 

(m
ac

hi
ne

 le
ar

ni
ng

), 
an

d 
a 

pr
el

im
in

ar
y 

stu
dy

 o
f t

he
 

ac
cu

ra
cy

 o
f N

LP
 im

pl
em

en
te

d 
w

ith
 o

pe
n-

so
ur

ce
 so

ftw
ar

e 
in

 sc
or

in
g 

SA
Q

s o
f m

ed
ic

al
 

stu
de

nt
s.

Al
th

ou
gh

 st
ud

en
ts 

ex
pr

es
se

d 
re

la
tiv

el
y 

co
nc

er
n 

ab
ou

t t
he

 a
cc

ur
ac

y 
of

 c
om

pu
te

r-
ba

se
d 

m
ar

ki
ng

, t
he

 m
aj

or
ity

 o
f s

tu
de

nt
s a

gr
ee

d 
th

at
 

co
m

pu
te

r m
ar

ki
ng

 w
ou

ld
 b

e 
m

or
e 

ob
je

ct
iv

e 
th

an
 h

um
an

 m
ar

ki
ng

 
(6

7.
0%

) a
nd

 re
po

rt
ed

 th
at

 th
ey

 w
ou

ld
 n

ot
 o

pp
os

e 
co

m
pu

te
r-

ba
se

d 
m

ar
ki

ng
 (5

5.
5%

). 
Re

ga
rd

in
g 

au
to

m
at

ed
 m

ar
ki

ng
 o

f S
AQ

s, 
fo

r 1
-p

oi
nt

 
qu

es
tio

ns
, t

he
re

 w
er

e 
co

ns
ist

en
tly

 h
ig

h 
cl

as
sifi

ca
tio

n 
ac

cu
ra

ci
es

 (a
ve

ra
ge

 
pr

ec
isi

on
 o

f 0
.9

8)
. F

or
 m

or
e 

co
m

pl
ex

 2
 a

nd
 3

-p
oi

nt
 S

AQ
s, 

w
he

re
 

m
ul

tic
la

ss
 c

la
ss

ifi
ca

tio
n 

w
as

 re
qu

ire
d,

 th
e 

ac
cu

ra
cy

 w
as

 lo
w

er
 (a

ve
ra

ge
 

0.
65

 a
nd

 0
.5

9,
 re

sp
ec

tiv
el

y)
. M

ed
ic

al
 st

ud
en

ts 
m

ay
 su

pp
or

t c
om

pu
te

r-
ba

se
d 

m
ar

ki
ng

 d
ue

 to
 it

s o
bj

ec
tiv

ity
. D

L 
ha

s t
he

 p
ot

en
tia

l t
o 

pr
ov

id
e 

ac
cu

ra
te

 m
ar

ki
ng

 o
f w

rit
te

n 
qu

es
tio

ns
.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

22

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

H
uh

 S
20

23
So

ut
h 

K
or

ea
77

 m
ed

ic
al

 
stu

de
nt

s

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 c

om
pa

re
 th

e 
kn

ow
le

dg
e 

an
d 

in
te

rp
re

ta
tiv

e 
ab

ili
ty

 o
f 

C
ha

tG
PT

, a
 g

en
er

al
 a

rt
ifi

ci
al

 
in

te
lli

ge
nc

e 
la

ng
ua

ge
 m

od
el

, 
w

ith
 th

os
e 

of
 m

ed
ic

al
 st

ud
en

ts 
in

 K
or

ea
 b

y 
ad

m
in

ist
er

in
g 

a 
pa

ra
sit

ol
og

y 
ex

am
 to

 C
ha

tG
PT

 
an

d 
m

ed
ic

al
 st

ud
en

ts.

Th
e 

C
ha

tG
PT

 a
ns

w
er

ed
 c

or
re

ct
ly

 4
8 

ou
t o

f 7
9 

ite
m

s (
60

.8
%

). 
Th

is 
sc

or
e 

w
as

 lo
w

er
 th

an
 th

e 
av

er
ag

e 
sc

or
e 

of
 7

7 
m

ed
ic

al
 st

ud
en

ts,
 w

hi
ch

 
w

as
 7

1.
8 

ou
t o

f 7
9 

(9
0.

8%
), 

w
ith

 a
 m

in
im

um
 sc

or
e 

of
 6

5 
(8

9.
0%

) 
an

d 
a 

m
ax

im
um

 sc
or

e 
of

 7
4 

(9
3.

7%
). 

Th
e 

C
ha

tG
PT

's 
pe

rfo
rm

an
ce

 
w

as
 lo

w
er

 th
an

 th
at

 o
f t

he
 m

ed
ic

al
 st

ud
en

ts.
 Th

e 
co

rr
ec

t r
es

po
ns

e 
ra

te
 

sh
ow

n 
by

 C
ha

tG
PT

 w
as

 n
ot

 re
la

te
d 

to
 th

e 
di

ffi
cu

lty
 le

ve
l o

f t
he

 it
em

s. 
H

ow
ev

er
, t

he
re

 w
as

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

ac
ce

pt
ab

le
 e

xp
la

na
tio

ns
 a

nd
 

co
rr

ec
t r

es
po

ns
es

. Th
e 

C
ha

tG
PT

's 
co

rr
ec

t r
es

po
ns

e 
ra

te
 o

f 6
0.

8%
 w

as
 

no
t n

ec
es

sa
ril

y 
an

 in
di

ca
to

r o
f p

oo
r p

er
fo

rm
an

ce
, a

s t
he

 q
ue

sti
on

s w
er

e 
no

t e
as

y 
fo

r m
ed

ic
al

 st
ud

en
ts 

to
 a

ns
w

er
 c

or
re

ct
ly.

 Th
e 

co
ns

id
er

ab
ly

 
hi

gh
er

 a
ve

ra
ge

 sc
or

e 
(8

9.
6%

) o
f m

ed
ic

al
 st

ud
en

ts 
m

ay
 h

av
e 

be
en

 d
ue

 
to

 th
ei

r p
rio

r l
ea

rn
in

g 
in

 p
ar

as
ito

lo
gy

 a
nd

 th
e 

fa
ct

 th
at

 th
e 

ex
am

 w
as

 
ad

m
in

ist
er

ed
 4

 d
ay

s a
fte

r t
he

 c
la

ss
. Th

e 
kn

ow
le

dg
e 

an
d 

in
te

rp
re

tiv
e 

ab
ili

ty
 o

f C
ha

tG
PT

 in
 re

sp
on

di
ng

 to
 th

is 
pa

ra
sit

ol
og

y 
ex

am
 a

re
 n

ot
 y

et
 

co
m

pa
ra

bl
e 

to
 th

os
e 

of
 m

ed
ic

al
 st

ud
en

ts 
in

 K
or

ea
.

Ig
nj

at
ov

ic
’, 

St
ev

an
ov

ic
’.

20
23

Se
rb

ia
N

on
ex

ist
en

t
Q

ua
nt

ita
tiv

e 
cr

os
s-

se
ct

io
na

l 
stu

dy

To
 e

va
lu

at
e 

th
e 

pe
rfo

rm
an

ce
 

of
 C

ha
tG

PT
 (G

PT
-3

.5
 a

nd
 

G
PT

-4
) a

s a
 st

ud
y 

to
ol

 in
 

so
lv

in
g 

bi
os

ta
tis

tic
al

 p
ro

bl
em

s 
an

d 
id

en
tif

y 
an

y 
po

te
nt

ia
l 

di
sa

dv
an

ta
ge

s t
ha

t m
ay

 a
ris

e 
fro

m
 th

e 
us

e 
of

 C
ha

tG
PT

 in
 

m
ed

ic
al

 e
du

ca
tio

n,
 p

ar
tic

ul
ar

ly
 

in
 p

ra
ct

ic
al

 b
io

sta
tis

tic
al

 
pr

ob
le

m
-s

ol
vi

ng
.

G
PT

-3
.5

 su
cc

es
sfu

lly
 so

lv
ed

 5
 p

ra
ct

ic
al

 p
ro

bl
em

s o
n 

th
e 

fir
st 

at
te

m
pt

, 
re

la
te

d 
to

 c
at

eg
or

ic
al

 d
at

a,
 c

ro
ss

-s
ec

tio
na

l s
tu

dy
, m

ea
su

re
m

en
t 

re
lia

bi
lit

y, 
pr

ob
ab

ili
ty

 p
ro

pe
rt

ie
s, 

an
d 

th
e 

t-t
es

t. 
H

ow
ev

er
, i

t d
id

 n
ot

 
pr

ov
id

e 
co

rr
ec

t a
ns

w
er

s r
eg

ar
di

ng
 a

na
ly

sis
 o

f v
ar

ia
nc

e,
 c

hi
-s

qu
ar

e 
te

st,
 

an
d 

sa
m

pl
e 

siz
e 

w
ith

in
 3

 a
tte

m
pt

s. 
G

PT
-4

 a
lso

 so
lv

ed
 a

 ta
sk

 re
la

te
d 

to
 c

on
fid

en
ce

 in
te

rv
al

 o
n 

th
e 

fir
st 

at
te

m
pt

 a
nd

 a
ns

w
er

ed
 a

ll 
qu

es
tio

ns
 

w
ith

in
 3

 a
tte

m
pt

s, 
w

ith
 a

cc
ur

at
e 

gu
id

an
ce

 a
nd

 m
on

ito
rin

g.
 A

ss
es

sm
en

t 
of

 b
ot

h 
ve

rs
io

ns
' p

er
fo

rm
an

ce
 o

n 
10

 b
io

-s
ta

tis
tic

al
 p

ro
bl

em
s r

ev
ea

le
d 

th
at

 th
e 

pe
rfo

rm
an

ce
 o

f G
PT

-3
.5

 a
nd

 4
 w

as
 b

el
ow

 a
ve

ra
ge

, w
ith

 
co

rr
ec

t r
es

po
ns

e 
ra

te
s o

f 5
 a

nd
 6

 o
ut

 o
f 1

0 
on

 th
e 

fir
st 

at
te

m
pt

. G
PT

-
4 

m
an

ag
ed

 to
 p

ro
vi

de
 a

ll 
co

rr
ec

t a
ns

w
er

s w
ith

in
 3

 a
tte

m
pt

s. 
Th

es
e 

fin
di

ng
s i

nd
ic

at
e 

th
at

 st
ud

en
ts 

sh
ou

ld
 b

e 
aw

ar
e 

th
at

 th
is 

to
ol

, w
hi

le
 

ca
pa

bl
e 

of
 p

ro
vi

di
ng

 a
nd

 c
al

cu
la

tin
g 

di
ffe

re
nt

 st
at

ist
ic

al
 a

na
ly

se
s, 

m
ay

 b
e 

in
co

rr
ec

t, 
an

d 
th

ey
 sh

ou
ld

 b
e 

m
in

df
ul

 o
f t

he
 li

m
ita

tio
ns

 o
f 

C
ha

tG
PT

 a
nd

 e
xe

rc
ise

 c
au

tio
n 

w
he

n 
in

co
rp

or
at

in
g 

th
is 

m
od

el
 in

to
 

m
ed

ic
al

 e
du

ca
tio

n.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

23

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

Ilg
az

, Ç
el

ik
.

20
23

Tü
rk

iy
e

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 a

ss
es

s h
ow

 v
ar

io
us

 o
pe

n 
AI

 p
la

tfo
rm

 re
so

ur
ce

s, 
su

ch
 

as
 C

ha
tG

PT
 a

nd
 G

oo
gl

e 
Ba

rd
, i

n 
th

ei
r c

ur
re

nt
 fo

rm
, 

ca
n 

co
nt

rib
ut

e 
to

 a
na

to
m

y 
ed

uc
at

io
n 

w
ith

 a
 p

er
sp

ec
tiv

e 
of

 q
ue

sti
on

in
g,

 a
ns

w
er

in
g,

 
an

d 
w

rit
in

g 
ar

tic
le

s, 
ai

m
in

g 
to

 a
dd

re
ss

 so
m

e 
co

nt
ro

ve
rs

ia
l 

to
pi

cs
.

Th
e 

m
os

t s
uc

ce
ss

fu
l r

es
ul

ts 
w

er
e 

ob
se

rv
ed

 in
 th

e 
fir

st 
us

er
 o

f C
ha

tG
PT

 
in

 T
ur

ki
sh

 (4
8.

09
%

), 
fo

llo
w

ed
 b

y 
th

e 
se

co
nd

 u
se

r o
f G

oo
gl

e 
Ba

rd
 in

 
Tu

rk
ish

 (4
5.

80
%

), 
an

d 
th

e 
ot

he
rs

 w
er

e 
th

e 
fir

st 
us

er
 in

 G
oo

gl
e 

Ba
rd

 
in

 T
ur

ki
sh

 (4
5.

03
%

), 
C

ha
tG

PT
 in

 E
ng

lis
h 

(4
4.

27
%

), 
G

oo
gl

e 
Ba

rd
 in

 
En

gl
ish

 (4
1.

98
%

), 
an

d 
th

e 
fir

st 
us

er
 o

f C
ha

tG
PT

 in
 T

ur
ki

sh
 (4

1.
22

%
), 

re
sp

ec
tiv

el
y. 

N
on

e 
of

 th
em

 a
ch

ie
ve

d 
a 

sc
or

e 
ab

ov
e 

50
%

 in
 th

e 
to

ta
l 

of
 c

or
re

ct
 a

ns
w

er
s. 

W
he

n 
th

e 
ov

er
al

l r
es

ul
ts 

w
er

e 
co

m
pa

re
d 

ac
ro

ss
 a

ll 
gr

ou
ps

, n
o 

sta
tis

tic
al

ly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 w

as
 fo

un
d 

(p
>0

.0
5)

. Th
er

e 
w

er
e 

di
ffe

re
nc

es
 in

 th
e 

pe
rfo

rm
an

ce
 o

f t
he

 L
LM

s, 
bu

t n
o 

sig
ni

fic
an

t 
di

ffe
re

nc
e 

w
as

 o
bs

er
ve

d 
be

tw
ee

n 
C

ha
tG

PT
 a

nd
 G

oo
gl

e 
Ba

rd
 in

 
te

rm
s o

f q
ue

sti
on

 a
ns

w
er

in
g.

 Th
e 

iss
ue

 th
at

 g
en

er
at

es
 th

es
e 

m
od

el
s 

w
as

 a
dd

re
ss

ed
. I

t m
ay

 b
e 

us
ef

ul
 fo

r e
xa

m
 p

re
pa

ra
tio

n 
in

 e
du

ca
tio

na
l 

as
pe

ct
s. 

Th
e 

pe
rfo

rm
an

ce
 o

f t
he

 a
pp

lic
at

io
ns

 in
 a

rt
ic

le
 w

rit
in

g 
w

as
 n

ot
 

ye
t a

t a
 su

ffi
ci

en
t l

ev
el

. A
lth

ou
gh

 L
LM

s s
ho

w
 p

ro
m

ise
 a

s v
al

ua
bl

e 
to

ol
s 

fo
r m

ed
ic

al
 e

du
ca

tio
n,

 th
ei

r u
se

 re
qu

ire
s c

au
tio

n,
 g

iv
en

 th
e 

co
m

pl
ex

 
al

go
rit

hm
s a

nd
 th

ei
r l

im
ita

tio
ns

 in
 d

ea
lin

g 
w

ith
 p

ot
en

tia
l i

na
cc

ur
ac

ie
s.

M
eo

 e
t a

l.
20

23
Sa

ud
i 

Ar
ab

ia
N

on
ex

ist
en

t
Q

ua
nt

ita
tiv

e 
cr

os
s-

se
ct

io
na

l 
stu

dy

To
 in

ve
sti

ga
te

 th
e 

le
ve

l o
f 

kn
ow

le
dg

e 
of

 C
ha

tG
PT

 in
 

m
ed

ic
al

 e
du

ca
tio

n,
 b

ot
h 

in
 

ba
sic

 m
ed

ic
al

 sc
ie

nc
es

 a
nd

 
cl

in
ic

al
 sc

ie
nc

es
, i

n 
ex

am
-b

as
ed

 
pe

rfo
rm

an
ce

 o
f m

ul
tip

le
-

ch
oi

ce
 q

ue
sti

on
s (

M
C

Q
s)

 
an

d 
its

 im
pa

ct
 o

n 
th

e 
m

ed
ic

al
 

ex
am

in
at

io
n 

sy
ste

m
.

Th
e 

re
su

lts
 re

ve
al

ed
 th

at
 o

ut
 o

f 1
00

 M
C

Q
s i

n 
va

rio
us

 d
isc

ip
lin

es
 o

f 
ba

sic
 a

nd
 c

lin
ic

al
 m

ed
ic

al
 sc

ie
nc

es
, C

ha
tG

PT
 a

tte
m

pt
ed

 a
ll 

M
C

Q
s 

an
d 

sc
or

ed
 3

7/
50

 (7
4%

) i
n 

ba
sic

 m
ed

ic
al

 sc
ie

nc
es

 a
nd

 3
5/

50
 (7

0%
) 

in
 c

lin
ic

al
 m

ed
ic

al
 sc

ie
nc

es
, w

ith
 a

n 
ov

er
al

l s
co

re
 o

f 7
2/

10
0 

(7
2%

) 
in

 b
as

ic
 a

nd
 c

lin
ic

al
 m

ed
ic

al
 sc

ie
nc

es
. I

t i
s c

on
cl

ud
ed

 th
at

 C
ha

tG
PT

 
ac

hi
ev

ed
 a

 sa
tis

fa
ct

or
y 

sc
or

e 
in

 b
ot

h 
ba

sic
 a

nd
 c

lin
ic

al
 m

ed
ic

al
 

sc
ie

nc
e 

di
sc

ip
lin

es
 a

nd
 d

em
on

str
at

ed
 a

 d
eg

re
e 

of
 u

nd
er

sta
nd

in
g 

an
d 

ex
pl

an
at

io
n.

 Th
e 

fin
di

ng
s o

f t
hi

s s
tu

dy
 su

gg
es

t t
ha

t C
ha

tG
PT

 m
ay

 
be

 a
bl

e 
to

 a
ss

ist
 m

ed
ic

al
 st

ud
en

ts 
an

d 
ed

uc
at

or
s i

n 
m

ed
ic

al
 e

du
ca

tio
n 

se
tti

ng
s, 

as
 it

 h
ol

ds
 p

ot
en

tia
l a

s a
n 

in
no

va
tio

n 
in

 th
e 

fie
ld

 o
f m

ed
ic

al
 

sc
ie

nc
e 

an
d 

ed
uc

at
io

n.

co
nt

in
ue

...

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1



IA na educação médica: revisão de escopo

Rev Med Minas Gerais 2026; 36: e-36204

24

Au
th

or
Ye

ar
C

ou
nt

ry
Si

ze
 S

am
pl

e
St

ud
y 

Ty
pe

O
bj

ec
tiv

e
O

ut
co

m
e

M
or

ja
ria

 e
t 

al
.

20
23

C
an

ad
a

10
 m

ed
ic

al
 

stu
de

nt
s

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 e

va
lu

at
e 

th
e 

ex
te

nt
 o

f 
th

re
at

 p
os

ed
 b

y 
C

ha
tG

PT
 to

 
th

e 
va

lid
ity

 o
f s

ho
rt

-a
ns

w
er

 
as

se
ss

m
en

t p
ro

bl
em

s u
se

d 
to

 
ex

am
in

e 
pr

e-
cl

in
ic

al
 m

ed
ic

al
 

stu
de

nt
s i

n 
an

 u
nd

er
gr

ad
ua

te
 

m
ed

ic
al

 e
du

ca
tio

n 
pr

og
ra

m
.

Th
e 

re
sp

on
se

s g
en

er
at

ed
 b

y 
C

ha
tG

PT
 re

ce
iv

ed
 a

n 
av

er
ag

e 
sc

or
e 

of
 

3.
29

 o
ut

 o
f 5

 (n
 =

 3
0,

 9
5%

 C
I 2

.9
3-

3.
65

) c
om

pa
re

d 
to

 2
.3

8 
fo

r a
 

gr
ou

p 
of

 st
ud

en
ts 

w
ho

 a
ch

ie
ve

d 
m

in
im

um
 p

as
sin

g 
gr

ad
es

 (n
 =

 1
0,

 
95

%
 C

I 1
.9

4-
2.

82
), 

re
pr

es
en

tin
g 

hi
gh

er
 p

er
fo

rm
an

ce
 (p

=0
.0

08
, η

2 
= 

0.
16

9)
, b

ut
 w

er
e 

su
rp

as
se

d 
by

 th
e 

hi
sto

ric
al

 c
la

ss
 a

ve
ra

ge
 sc

or
es

 o
n 

th
e 

sa
m

e 
30

 p
ro

bl
em

s (
m

ea
n 

3.
67

, p
=0

.0
18

) w
he

n 
in

cl
ud

in
g 

al
l p

as
t 

re
sp

on
se

s, 
re

ga
rd

le
ss

 o
f t

he
 st

ud
en

t's
 p

er
fo

rm
an

ce
 le

ve
l. 

Th
er

e 
w

as
 

no
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 tr
en

d 
in

 p
er

fo
rm

an
ce

 a
cr

os
s a

ll 
do

m
ai

ns
 o

f 
Bl

oo
m

's 
Ta

xo
no

m
y. 

Al
th

ou
gh

 C
ha

tG
PT

 w
as

 a
bl

e 
to

 p
as

s s
ho

rt
-a

ns
w

er
 

as
se

ss
m

en
t p

ro
bl

em
s c

ov
er

in
g 

th
e 

pr
e-

cr
ea

tio
n 

cu
rr

ic
ul

um
, i

t o
nl

y 
ou

tp
er

fo
rm

ed
 lo

w
-p

er
fo

rm
in

g 
stu

de
nt

s. 
W

e 
ob

se
rv

ed
 th

at
 tu

to
rs

 in
 

va
rio

us
 c

as
es

 w
er

e 
co

nv
in

ce
d 

th
at

 th
e 

re
sp

on
se

s p
ro

du
ce

d 
by

 C
ha

tG
PT

 
w

er
e 

ge
ne

ra
te

d 
by

 th
e 

stu
de

nt
s. 

R
isk

s t
o 

th
e 

va
lid

ity
 o

f t
he

 a
ss

es
sm

en
t 

in
cl

ud
e 

un
ce

rt
ai

nt
y 

in
 id

en
tif

yi
ng

 st
ud

en
ts 

w
ith

 d
iffi

cu
lti

es
 a

nd
 th

e 
in

ab
ili

ty
 to

 in
te

rv
en

e 
in

 a
 ti

m
el

y 
m

an
ne

r.

Ro
os

 e
t a

l.
20

23
G

er
m

an
y

N
on

ex
ist

en
t

Q
ua

nt
ita

tiv
e 

cr
os

s-
se

ct
io

na
l 

stu
dy

To
 a

ss
es

s a
nd

 c
om

pa
re

 th
e 

pe
rfo

rm
an

ce
 o

f 3
 L

LM
s, 

G
PT

-
4,

 B
in

g,
 a

nd
 G

PT
-3

.5
-T

ur
bo

, 
in

 th
e 

20
22

 G
er

m
an

 S
ta

te
 

M
ed

ic
al

 E
xa

m
s a

nd
 a

ss
es

s t
he

ir 
pe

rfo
rm

an
ce

 in
 c

om
pa

ris
on

 to
 

th
at

 o
f m

ed
ic

al
 st

ud
en

ts.

G
PT

-4
 a

ch
ie

ve
d 

th
e 

hi
gh

es
t o

ve
ra

ll 
pe

rfo
rm

an
ce

, c
or

re
ct

ly
 a

ns
w

er
in

g 
88

.1
%

 o
f t

he
 q

ue
sti

on
s, 

cl
os

el
y 

fo
llo

w
ed

 b
y 

Bi
ng

 (8
6.

0%
) a

nd
 G

PT
-

3.
5-

Tu
rb

o 
(6

5.
7%

). 
St

ud
en

ts 
ha

d 
an

 a
ve

ra
ge

 c
or

re
ct

 re
sp

on
se

 ra
te

 o
f 

74
.6

%
. B

ot
h 

G
PT

-4
 a

nd
 B

in
g 

sig
ni

fic
an

tly
 o

ut
pe

rfo
rm

ed
 st

ud
en

ts 
in

 b
ot

h 
ex

am
s. 

W
he

n 
m

ed
ia

-r
el

at
ed

 q
ue

sti
on

s w
er

e 
ex

cl
ud

ed
, B

in
g 

ac
hi

ev
ed

 th
e 

hi
gh

es
t p

er
fo

rm
an

ce
 a

t 9
0.

7%
, c

lo
se

ly
 fo

llo
w

ed
 b

y 
G

PT
-4

 
(9

0.
4%

), 
w

hi
le

 G
PT

-3
.5

-T
ur

bo
 la

gg
ed

 b
eh

in
d 

(6
8.

2%
). 

Th
er

e 
w

as
 

a 
sig

ni
fic

an
t d

ec
lin

e 
in

 th
e 

pe
rfo

rm
an

ce
 o

f G
PT

-4
 a

nd
 B

in
g 

in
 th

e 
fa

ll 
20

22
 e

xa
m

, a
ttr

ib
ut

ed
 to

 a
 h

ig
he

r p
ro

po
rt

io
n 

of
 m

ed
ia

-r
el

at
ed

 
qu

es
tio

ns
 a

nd
 a

 p
ot

en
tia

l i
nc

re
as

e 
in

 q
ue

sti
on

 d
iffi

cu
lty

. L
LM

s, 
pa

rt
ic

ul
ar

ly
 G

PT
-4

 a
nd

 B
in

g,
 d

em
on

str
at

e 
po

te
nt

ia
l a

s v
al

ua
bl

e 
to

ol
s i

n 
m

ed
ic

al
 e

du
ca

tio
n 

an
d 

fo
r p

re
-te

st 
ex

am
 q

ue
sti

on
s.

So
ur

ce
: E

la
bo

ra
te

d 
by

 a
ut

ho
rs

.

...
 c

on
tin

ua
tio

n 
Ap

pe
nd

ix
 1


