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Background: Artificial intelligence (AI) and large language models (LLMs) are transforming medical education by enhancing
teaching and assessment methods. Research output has surged, but key bibliometric trends remain underexplored.

Methods: We retrieved 547 publications using the Web of Science Core Collection and conducted bibliometric analysis with
CiteSpace and other bibliometric tools to examine publication volume, collaboration networks, citations, keywords, and other
important bibliometric indicators.

Results: The United States, the United Kingdom and China lead publication output, with institutions like the University of London,
the National University of Singapore and Harvard University at the forefront. JMIR Medical Education is a pivotal journal. Research
on ChatGPT and LLMs dominates, with growing focus on nursing education, digital health, medical exams, and medical ethics.
Clinical reasoning, undergraduate education, and virtual reality have been identified as underexplored areas of research.
Conclusion: Al and LLMs in medical education constitute a fast-evolving field, with journal calls shaping its bibliometric landscape
and advancing the discipline. The field remains in a developmental phase, with subfields yet to be clearly defined. Topics such as
nursing education, digital health, medical examinations, and conversational agents are gaining traction. Research on ChatGPT and
LLMs holds a central and influential role. Emerging areas of focus include medical ethics, training methodologies, and skills
development. Clinical reasoning, undergraduate education, and virtual reality in Al and LLMs for medical education are understudied,
offering research opportunities.

Keywords: bibliometric analysis, artificial intelligence, large language model, medical education, ChatGPT

Introduction

The application of artificial intelligence (AI) and large language models (LLMs) in medical education is expanding
rapidly, revolutionizing teaching methods, assessment tools, and learning experiences. The integration of Al and LLM
technologies enhances the efficiency and personalization of education while introducing new research directions and
challenges in medical education.' Al is reshaping healthcare, from diagnostics to robotic surgery. A survey of Indian
medical students revealed 74.8% supported structured Al training, 72.3% believed Al reduces medical errors, yet only
3.7% felt confident explaining Al to patients.” In recent years, numerous studies have investigated Al and LLMs
applications in areas such as medical examinations, curriculum design, medical ethics, and even generative illustration
studies in medical education.’> The emergence of ChatGPT has sparked intense discussions in the field, with some
scholars emphasizing that clinicians should develop Al and LLM literacy and recognizing Al and LLMs as the next
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frontier of innovation in healthcare.® Despite the growing body of research and literature, the patterns and potential
insights within these documents and their extensive references have often been overlooked.

Bibliometrics, the quantitative analysis of scientific output through mathematical and statistical methods, enables
researchers to measure connections between studies, research areas, and significant events.® This approach provides
insights into the growth of publications and the flow of knowledge within a field over time, using data from web
databases such as citations, keywords, countries, or institutions.” It can also analyze thousands of articles to uncover
patterns and emerging trends.® In particular, citations and terms are the most commonly used bibliometric data, with co-
citation and co-word analyses being the most widely applied methods. Co-citation analysis explores the structure of
scientific knowledge by identifying relationships when two articles are cited by a third article.” Co-word analysis,
a content analysis technique based on term co-occurrence, reveals current hotspots and emerging trends by analyzing
literature terms.’

Using bibliometric methods, this study has the following objectives: 1) Mapping the global publication distribution of
leading countries and institutions in Al and LLMs for medical education; 2) Investigating the knowledge base, research
themes and their evolution by network analysis; 3) Visualizing the distribution of research hotspots and key nodes of
knowledge flow, alongside analyzing development trends; and 4) Examining bibliometric patterns, gaps, and journal
influences shaping the early development of this emerging field.

Methods

Data Collections

Search Strategy

The search strategy is as follows: (artificial intelligence OR ChatGPT OR machine learning OR Large Language
Model OR AI OR Chat Generative Pre -Trained Transformer OR Neural Networks OR GPT) AND ((medical
education) OR (medical students) OR (clinical education) OR (medical class) OR (medical curriculum) OR (medical
graduate student) OR (graduate student in medicine) OR (rotating physician) OR (medical schools) OR (intern nurse)
OR (medical teacher) OR (nursing education) OR (medical training) OR (clinical skills training) OR (clinical
operations training) OR (surgical skills training) OR (nursing skills training) OR (medical skills training) OR (intern
physician) OR (medical intern) OR (clinical training) OR (surgical training) OR (medical educator) OR (nursing
curriculum)).

Data Inclusion, Exclusion and Download

In this part, the research data in this part were downloaded from the Web of Science Core Collection database. To obtain
more accurate screening results, we compared the results obtained from topic retrieval and title retrieval on a case-by-
case basis. We found that the results from title retrieval had the highest relevance. Therefore, we chose title retrieval as
our primary retrieval strategy. We searched the data by title retrieval. As of September 21, 2024 we retrieved a total of
652 publications published since 1986. To ensure the accuracy of the analysis sample, the research team developed the
following inclusion and exclusion criteria for the literature:

Inclusion Criteria

Thematic Relevance

Literature must focus on Al (including machine learning, ChatGPT, large language models, neural networks, etc.)
applications in medical education, covering curriculum design, student training, clinical skills teaching, nursing educa-
tion, or medical ethics, among other aspects.

Publication Type
Only peer-reviewed original research or review articles were included to ensure academic rigor.

Language
Literature must be published in English for analysis consistency and international comparability.
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Exclusion Criteria
Thematic Irrelevance
Literature unrelated to Al or medical education, such as general medical Al or non-educational Al applications.

Non-Peer-Reviewed
Conference abstracts, editorials, commentaries, letters, or non-peer-reviewed publications were excluded.

Non-English
Non-English publications were excluded for language consistency.

Two researchers independently reviewed the retrieved results, with disputes resolved by the corresponding author.
Included publications were selected and downloaded for analysis.

After a thorough review, we excluded 105 publications that were not relevant to this field., ultimately including 547
publications in our analysis.

Analysis by Citespace Software

We used Citespace6.3.R1, developed by Chaomei Chen, is a prominent knowledge visualization tool used for mapping
literature across various educational fields.® It employs co-citation analysis of references, authors, and journals, along
with co-occurrence analysis of authors, keywords, institutions, and countries, to create scientific knowledge network
maps and identify research trends and hot spots.

This study examines the national and regional distributions and collaborations among authors in Al in medical
education by constructing a network cooperation map. We identified the knowledge base and core authors through
literature and author co-citation networks and pinpointed leading journals via co-citation analysis. Prominent keywords
were determined through keyword co-occurrence and clustering analysis, focusing on their frequency and centrality to
explore global research trends.

Our methodology included cooperative network analysis, revealing core authors, leading research institutions, and
national/regional collaborations in Al and LLMs in medical education. Nodes in the visual representation are depicted as
circles, with larger circles indicating a greater number of items, such as papers and authors. Betweenness centrality in
CiteSpace serves as a key indicator of node importance, with values above 0.1 indicating significant nodes. The circle
size reflects citation frequency, with deeper purple circles denoting higher betweenness centrality, thus suggesting greater
importance in the field.®

Co-citation analysis explored relationships between cited articles, authors, and journals. A co-citation relationship is
established when two articles are cited by a third, indicating thematic connections. This analysis ranks key papers by
citation frequency and elucidates their relationships through centrality values, identifying literature clusters and revealing
research hot spots. The frequency and relevance of citations characterize significant research trends over time, forming
a foundational knowledge base for emerging topics in Al in medical education. We utilized ArcGIS software in

conjunction with CiteSpace software to create a world map illustrating the volume of publications.

Analysis by Bibliometrix Tool

Bibliometrix is an advanced analysis tool based on R package for comprehensive bibliometric analysis, enabling researchers to
conduct systematic reviews and quantitative studies of scientific literature.’ It allows for data extraction from various biblio-
graphic databases, facilitating the analysis of citation patterns, co-authorship networks, and thematic trends. With its visualization
capabilities, Bibliometrix helps scholars clearly depict complex bibliometric relationships and insights, making it a valuable tool
for assessing the impact and evolution of research fields over time. In this study, we utilized the Bibliometrix online analysis
toolkit to generate word clouds, conduct Conceptual Structure Map (CSM) analysis, and build strategic coordinates in the field of
Al and LLMs in medical education. This approach allowed us to identify current research hotspots and trends effectively.
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Figure | (A) Annual Publication Counts. (B) World Map of Publication Volume Generated Using ArcGIS and CiteSpace.

Results

Temporal perspective, The number of publications in the field of Al and medical education has shown a significant
upward trend (Figure 1A). This trend underscores the increasing importance of artificial intelligence technologies in
medical education. After screening and selecting literature, the search results indicate that publications on this topic span
from 1986 to 2024, with a consistent overall increase in the number of publications. During the initial phase from 1986 to
2018, the growth of literature was relatively slow, with the global annual publication rate remaining in single digits.
However, from 2019 to 2024, there has been an explosive increase in the number of publications. This surge is likely
closely related to the rapid advancements in artificial intelligence technologies and their widespread adoption in medical
education. The map showing the number of publications by country, generated using ArcGIS software, is presented in
Figure 1B. From a global perspective, Table 1 and Figure 1B clearly illustrate the current state of research in the field of
medical education. Artificial intelligence is emerging as a key technology driving innovation in global medical education.
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Table | Distribution of
Publications by Country

No. Country Counts
| USA 178
2 England 46
3 Peoples R China 44
4 Canada 42
5 India 41
6 Germany 41
7 Saudi Arabia 24
8 Australia 23
9 Singapore 20
10 Italy 17

The United States leads with 178 research studies, followed closely by the United Kingdom, China, and Canada,
highlighting these countries’ advancements in integrating Al and LLMs into medical education. The rapid growth of
Asian countries such as China and India indicates the region’s rising prominence in this field. Additionally, developed
countries like Germany and Australia continue to contribute stable research outcomes.

Distribution of Disciplines and Journals

From the perspective of the Web of Science (WOS) discipline distribution, the research literature on artificial intelligence
and medical education encompasses a total of 68 categories. Table 2 presents the distribution of these publications across
major disciplinary categories. According to the data in Table 2, research on artificial intelligence in medical education not
only spans multiple disciplines but is primarily concentrated in four main areas: Science Education, Internal Medicine,
Health Care Sciences and Services, and Educational Research. A smaller portion of the research is focused on Nursing,
Radiology, Nuclear Medicine and Medical Imaging, Surgery, Medical Informatics, Computer Science (Artificial
Intelligence), and Biomedical Engineering.

In the journals indexed by the Web of Science (WOS), research literature in the field of artificial intelligence and
medical education from 1986 to 2024 encompasses a total of 547 publications. Among these, the top 10 journals account
for 168 articles, representing 31% of the total literature, indicating their significant influence and central role in this field.
These journals are characterized by relatively high academic quality and impact factors, contributing to the advancement
and leadership of research in artificial intelligence and medical education.

The three journals with the highest publication volumes in this field are as follows (Table 3): JMIR Medical
Education, with 37 articles, focuses on the application of technology, innovation, and openness in medical education,
including e-learning and virtual training, with particular attention to developing healthcare professionals’ abilities to use

Table 2 Distribution of the Top Ten Disciplines

No. Discipline Counts
| Education, Scientific Disciplines 158
2 Medicine, General & Internal 95
3 Health Care Sciences & Services 85
4 Education & Educational Research 52
5 Nursing 44
6 Radiology, Nuclear Medicine & Medical Imaging 44
7 Surgery 35
8 Medical Informatics 33
9 Computer Science, Artificial Intelligence 21
10 Engineering, Biomedical Il
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Table 3 Distribution of the Top Ten Journals

No. Journals Counts
| JMIR medical education 37
2 BMC medical education 25
3 Cureus journal of medical science 22
4 Medical teacher 22
5 Academic medicine 18
6 Nurse education in practice I
7 Postgraduate medical journal 9
8 Medical education 8
9 Medical science educator 8
10 Nurse education today 8

digital tools in the post-COVID world; BMC Medical Education, with 25 articles, covers various aspects of medical
education, including teaching methods, assessment strategies, online learning tools, simulation training, curriculum
design, continuing medical education, and the application of educational technologies in medical training; and Cureus
Journal of Medical Science, with 22 articles, is an open-access journal dedicated to publishing high-quality research in
the medical field through a rapid peer-review process.

These journals not only exert considerable influence in the realm of artificial intelligence and medical education but
also maintain high academic quality and impact factors, making them vital platforms for researchers to publish and
access the latest findings. With the ongoing advancement of artificial intelligence technologies, it is anticipated that
research activities within these categories will continue to grow, further driving innovation and development in medical
education.

Author and Institutional Collaboration

Author Collaboration

From the perspective of collaboration, the research field of artificial intelligence and medical education exhibits a diverse
and interdisciplinary cooperative landscape (see Figure 2A). According to the data presented in Table 4, the most prolific
collaborator is Viroj Wiwanitkit, who has partnered on 7 publications. Wiwanitkit actively promotes interdisciplinary
collaboration by integrating artificial intelligence technologies to innovate educational methods and develop intelligent
educational tools to enhance the learning experience, thereby advancing the modernization of medical education.
Following him is Amnuay Kleebayoon, who has collaborated 5 times. He has made significant contributions in the
realms of intelligent robotics, ChatGPT, and medical education, actively facilitating the deep integration of artificial
intelligence into medical training.

Warren M. Rozen and Haniye Mastour are tied for third and fourth place, each with 3 collaborations. Their research
involves interdisciplinary projects that apply artificial intelligence technologies to areas such as medical image analysis,
patient data management, and personalized medical education. This data highlights how researchers in the field of
artificial intelligence and medical education work together to address complex scientific challenges and how teamwork
fosters the development and application of technologies. Such collaboration not only enhances the quality and impact of
research but also cultivates the next generation of medical education experts capable of effectively integrating artificial
intelligence technologies into medical training and practice.

Institutional Collaboration

From a collaborative perspective, a robust network of cooperation has been established among research institutions in the
field of artificial intelligence and medical education. As illustrated in Figure 2B and detailed in Table 5, the University of
London leads with a collaboration frequency of 18, highlighting its pioneering role in fostering the integration of artificial
intelligence into medical education. Following closely is the National University of Singapore, which ranks second with
16 collaborations, reflecting not only its deep engagement in interdisciplinary partnerships but also the synergistic effects
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Figure 2 (A) Authors Collaboration Network. (B) Institutional Collaboration Network.
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Table 4 Top Ten Authors in Collaborative
Publications

No. Authors Counts
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Table 5 Top Ten Institutions in Collaborative

Publications
No. Institutions Counts
| University of London 18
2 National University of Singapore 16
3 Harvard University 15
4 Stanford University 14
5 University of California System I
6 University College London I
7 University System of Ohio 10
8 McGill University 8
9 University of Michigan 8
10 University of Michigan System 8

of its various institutions. Harvard University ranks third with 15 collaborations, further confirming its active position in
global research partnerships.

Among the top ten institutions (Table 5), six are located in the United States, underscoring the country’s significant
influence in the research and education sectors related to artificial intelligence and medical education. This prominence
can be attributed to the U.S.’s strong research infrastructure, ample funding support, and policies that encourage
innovation and entrepreneurship. Additionally, all top ten institutions are from developed countries, such as the United
States, the United Kingdom, and Singapore. This observation reflects the comprehensive advantages of these nations in
terms of economic strength, research capabilities, educational quality, and policy support, which collectively lay a solid
foundation for research and innovation in the field of artificial intelligence and medical education.

The close collaboration among these research institutions not only demonstrates their active engagement in the field
but also suggests that, with the promotion of interdisciplinary cooperation, the sector is poised to witness further
innovations and breakthroughs in the future. Through such partnerships, experts from various domains can complement
each other and collaboratively explore new research directions and application scenarios, thereby accelerating the

progress and development of the entire field.

Highly Cited Authors

Table 6 lists the top ten most frequently cited scholars in the field of artificial intelligence and medical education. Leading
the list is Pinto Dos Santos D, who has achieved an impressive citation count of 71. Following closely is Tiffany Kung,
with a citation count of 66. Ranking third is Ketan Paranjape, with a citation count of 54. These data underscore a core
principle: researchers who achieve significant academic impact in the domain of artificial intelligence and medical
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Table 6 Top 10 Highly Cited Authors

No. Authors Counts
| Pinto Dos Santos D 71
2 Kung Tiffanyh 66
3 Paranjape Ketan 54
4 Sit C 53
5 Sallam M 50
6 Masters K 49
7 Wartman SA 46
8 Gilson Aidan 46
9 Topol EJ 45
10 Lee | 44

education must be committed to fostering deep integration and innovation between artificial intelligence and the medical
field to promote the widespread application of Al and LLM technologies in medical practice.

Co-Citation Network Analysis

The co-citation analysis of all articles reveals the current research hotspots in the field. As shown in Figure 3A, the most
cited article is “Medical Students’ Attitude Towards Artificial Intelligence: A Multicentre Survey”, which has garnered
71 citations.'® This article primarily investigates medical students’ attitudes toward the application of artificial intelli-
gence (Al) in healthcare, exploring their acceptance of Al technologies, perceptions of potential applications, and the
demand for Al integration in medical education. The findings reveal both positive and negative views held by medical
students regarding Al, as well as various factors influencing their attitudes. These insights provide medical educators and
healthcare policymakers with guidance on how to better integrate Al education and training to prepare future healthcare
professionals for effectively utilizing Al technologies.

The second most cited article, “Performance of ChatGPT on USMLE: Potential for Al-Assisted Medical Education
Using Large Language Models”, has received 66 citations.!' This study examines the performance of the large language
model ChatGPT on the United States Medical Licensing Examination (USMLE), reporting that it achieved scores that
met or approached passing standards without specialized training. This finding highlights the potential for applying Al in
medical education, particularly in terms of providing consistent explanations and insights. The research offers prelimin-
ary evidence for the application of Al in both medical education and clinical decision-making support.

Ranking third is the article “Introducing Artificial Intelligence Training in Medical Education”, with 54 citations.'?
This article discusses the necessity of incorporating Al training into medical education. As medical practice transitions
into the era of Al, the use of data is expected to increase, thereby driving the need for proficient interactions between
medicine and technology. The article emphasizes the importance of comprehensive training for medical professionals
regarding Al technologies, including their advantages in enhancing cost-effectiveness and accessibility in healthcare, as
well as potential drawbacks such as transparency and accountability issues. It proposes a framework for seamlessly
integrating Al education across various aspects of the curriculum, from medical school admissions to clinical internships
and continuing medical education. Furthermore, the article discusses how Al can transform medical practice and patient
outcomes, as well as the range of skills future physicians will need, including mathematical concepts, foundational
knowledge of Al, data science, and related ethical and legal considerations.

Collectively, these articles explore the application of Al and LLMs in medical education and its significance for
training medical students. They emphasize that as the medical field enters the Al era, reforms in medical education are
essential to incorporate Al technologies, ensuring that future healthcare professionals can understand and effectively
utilize Al tools to improve the quality, cost-effectiveness, and accessibility of healthcare. Additionally, the articles
highlight the challenges faced in integrating Al into medical education, including issues related to technological
understanding, ethics, legal considerations, and the need for reform within existing educational systems.
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Figure 3 (A) Co-citation Network of References of Al in Medical Education. (B) Keyword Co-occurrence Network. (C) Keyword Network Cluster Analysis Map. (D)
Keyword Timeline Visualization in CiteSpace.

Keywords Network Analysis
Data from 547 articles obtained from the Web of Science were imported into CiteSpace, with the time slicing set from 1986 to
2024, each year representing one partition. The node type was selected as keywords, and the top 50 keywords from each time
partition were extracted. The resulting co-occurrence map of keywords is illustrated in Figure 3B. The keyword co-occurrence
analysis indicates that “artificial intelligence” ranked first with a frequency of 249 occurrences, followed by “medical education”
with 130 occurrences, and “medical students” with 52 occurrences. Additionally, “machine learning”, “large language models”,
and “nursing education” appeared 48, 21, and 18 times, respectively. These high-frequency keywords encompass various aspects
of medical education, including educational technology, student training, data processing techniques, and learning outcomes.
These prominent keywords not only reveal the current research landscape at the intersection of artificial intelligence
and medical education but also provide insights into future research directions. By analyzing these keywords and their
interrelationships, researchers can gain a better understanding of the developmental trends in artificial intelligence and
medical education, offering valuable references for future studies and practices. Such research endeavors not only aim to
enhance the quality of medical education but also have the potential to positively impact the learning experiences of
medical students and the teaching methodologies of educators.
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Keyword Clustering Analysis
A cluster analysis was conducted on the high-frequency keyword co-occurrence map, resulting in a keyword clustering
diagram. Cluster analysis showed a Q value of 0.5059 and S value of 0.8216, indicating significant community structure
(Q > 0.3) and high clustering reliability (S > 0.7). Clustering details are displayed in the top-left corner of the cluster
analysis figure.® In the research domain of artificial intelligence and medical education, the high-frequency keywords
were classified into 23 categories. For the purpose of analysis, we selected the top seven clusters with over 20 articles
each, as illustrated in Figure 3C. The timeline analysis part (Figure 3D) illustrates the evolution of these clusters and their
internal nodes over time. In Figure 3D, we observe a significant increase in the aggregation of thematic nodes around
2020, marking the first notable shift in the field’s research direction. From a chronological perspective, the hotspots in
this field have transitioned in recent years from deep learning and big data to machine learning, and most recently to the
evolution of knowledge and technology in generative large language models.

These clusters are as follows:

#0 Machine Learning

#1 Artificial Intelligence in Medicine

#2 Artificial Intelligence

#3 Generative Al

#4 Medical Student

#5 Future

#6 Nursing Education

This clustering provides a structured overview of prevalent themes and trends within the field, facilitating a deeper
understanding of the interconnections among key concepts related to artificial intelligence and medical education. Below,
we present an analysis of three particularly representative clusters.

In this section, we provide a detailed illustration of the 0-2 cluster and directly interpret the 3—6 cluster using
semantics.

#0 Machine Learning

This cluster contains 53 keywords and has been established from 1993 to the present. It primarily encompasses three
subthemes: medical education (130 articles), machine learning (48 articles), and performance (13 articles).
Representative articles in this cluster include “ChatGPT: Reshaping Medical Education and Clinical Management” and
“The Rise of ChatGPT: Exploring Its Potential in Medical Education.” These works collectively examine the potential of
ChatGPT in medical education and its impact on clinical management. As an advanced natural language processing
model, ChatGPT can provide personalized learning support, aiding students in understanding complex concepts,
simulating clinical scenarios, and playing a significant role in curriculum development. However, the studies also
highlight challenges associated with using ChatGPT, such as content accuracy, ethical issues, and the potential for
academic dishonesty. Researchers suggest that, while ChatGPT holds promise for enhancing student engagement and
learning outcomes, its application must be approached with caution to ensure effective integration and responsible use in
medical education.

#1 Artificial Intelligence in Medicine

This cluster consists of 34 keywords and has emerged from 2018 to the present. It mainly includes three subthemes:
health care (13 articles), health (9 articles), and big data (9 articles). Representative articles in this cluster include
“Medical Education Trends for Future Physicians in the Era of Advanced Technology and Artificial Intelligence: An
Integrative Review” and “A Virtual Counseling Application Using Artificial Intelligence for Communication Skills
Training in Nursing Education: Development Study.” These articles explore the positive roles of Al in medical education,
such as providing personalized learning experiences, simulating clinical environments, assisting in teaching and assess-
ment, and improving learning efficiency. They also address challenges that need to be considered when implementing Al
and LLM technologies, including privacy protection, potential misuse, ethical concerns, and interdisciplinary integration.

Advances in Medical Education and Practice 2025:16 https: 1431



Lu et al

These studies offer valuable insights into the future of medical education and provide guidance on how to leverage Al
technologies to train the next generation of healthcare professionals.

#2 Artificial Intelligence

This cluster comprises 3 keywords and has been established since 1998. It mainly includes three subthemes: artificial
intelligence (249 articles), care (5 articles), and Al and LLMs in medical education (3 articles). Representative articles in
this cluster include “Noninterpretive Uses of Artificial Intelligence in Radiology” and “Synthesis of Diagnostic Quality
Cancer Pathology Images by Generative Adversarial Networks.” These studies collectively emphasize the necessity of
integrating Al into medical education and highlight medical students’ positive attitudes toward Al technologies and their
expectations for future medical practice. At the same time, they reveal students’ uncertainties and potential concerns
regarding the application of Al in the medical field.

Evolution of Research Themes

Based on the operations performed in Figure 4, we modified the parameters in the Control Panel by selecting
“Burstness.” We set the Minimum Duration to 1 and adjusted the Y-value to 0.3. After clicking “Refresh”, we obtained
a list of 25 keywords, as illustrated in Figure 4.

From Figure 4, we can conclude that research in the field of artificial intelligence and medical education can be
broadly divided into two periods. The first period spans from 1998 to 2019, with keywords including: care, artificial
neural networks, medical training, health, validation, outcome, future, big data, deep learning, students, classification,
and augmented reality. This initial phase represents the foundational stage of research in artificial intelligence within
medical education, with a focus on basic Al technologies, medical training, and health management.

The second period extends from 2020 to the present, with keywords such as: medical school, deep, system, surgery,
cancer, machine learning, medical student, virtual reality, skills, digital health, conversational agent, language model, and
USMLE Step 1. The keywords from this period indicate a deepening of research, particularly in the application of

Keywords Year Strength Begin End 1986 - 2024
care 1998 1.231998 2022
artificial neural networks 2009 1.382009 2010 =
medical training 2013 1.182013 2020 —
health 2018 2.182018 2021 —
validation 2018 1.292018 2022 —
outcm 2018 1.282018 2019 -
future 2018 1.16 2018 2022 —
big data 2019 1.92019 2022 ——
deep learning 2019 1.78 2019 2022 —
students 2019 1.592019 2021 —
classification 2019 1.46 2019 2022 o—
augmented reality 2020 1.28 2020 2020 =
medical school 2021 1.56 2021 2022 —
deep 2021 1.56 2021 2022 -
system 2021 1.282021 2021 -
surgery 2021 1.17 2021 2021 -
cancer 2021 1.17 2021 2021 =
machine learning 2019 4.212022 2022 -
medical student 2020 1.6 2022 2022 -~
virtual reality 2013 1.26 2022 2024 —
skills 2023 22023 2024 —
digital health 2021 1.32023 2024 —
conversational agent 2023 1.22023 2024 —
language model 2023 1.22023 2024 -
usmle step 1 2023 1.22023 2024 _

Figure 4 Keywords Burst Activity Detection Timeline, Top 25 Keywords with the Strongest Citation Bursts.
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emerging technologies such as medical imaging, virtual reality, and machine learning, highlighting the significance of
artificial intelligence in clinical skills training and medical education.

This evolution in keywords not only reflects the trends in technological development but also reveals the dynamic
changes in medical education as it adapts to new technologies and methodologies. This provides important insights for
future research directions.

Conceptual Structure Map (CSM) and Strategic Coordinates Analysis

Factorial Analysis in the Conceptual Structure Module of Bibliometrix

In the Conceptual Structure Module of the Bibliometrix toolkit, we performed a factorial analysis using the default
algorithm, Multiple Correspondence Analysis (MCA). The analysis was conducted with a default of 50 terms and
a minimum of 5 documents. This process resulted in a coordinate system encompassing Dimension 1 (Dim 1) and
Dimension 2 (Dim 2).

Dim 1 typically represents the significance of themes or keywords within a specific field, reflecting their influence,
prevalence, or concentration in research. A higher Dim 1 value indicates that a theme is widely studied or frequently
cited in the literature. Conversely, Dim 2 generally captures the depth, developmental stage, or historical context of
related research. A higher Dim 2 value suggests that a theme has recently gained attention or that the research in that area
has reached a certain level of maturity.'?

In the Conceptual Structure Map (CSM) (Figure 5A), the relative positioning of keywords or themes reveals
important insights; for instance, themes located in the upper right quadrant are often considered cutting-edge and
trending, as they exhibit both high significance and development. By analyzing Dim 1 and Dim 2 within the CSM,
researchers can identify emerging trends and potential future directions in the research landscape.

In this Conceptual Structure Map, the themes located in the upper right quadrant, including large language models,
ethics, and nursing education, occupy a potential hotspot and frontier position. Within the quadrant, “undergraduate
medical education” has recently garnered attention, although the volume of literature may be relatively insufficient.
Conversely, themes such as “medical training”, “virtual reality”, and “surgical education”, situated in the lower right
quadrant, typically possess a certain level of scale or impact, yet have not received adequate attention in recent times.

Thematic Map Analysis Using Bibliometrix

In this study, we utilized the thematic map function within the Bibliometrix toolkit to conduct a network analysis focused
on author keywords. We constructed a co-word network to analyze the relationships and occurrences of these keywords,
which facilitated the visualization of interconnected research themes.

For clustering, the tool automatically selected the Walktrap algorithm, which is effective for identifying community
structures within networks. Additionally, the minimum cluster frequency was set to 5 per thousand documents as
a default parameter. This setting helped ensure that we focused on significant clusters that reflect substantial themes
within the literature.'*

The outcome of this analysis was a thematic map that delineates the strategic coordinates of the identified research
themes (Figure 5B). This map not only highlights established areas of research but also reveals emerging trends,
providing valuable insights into the current landscape and potential future directions for scholarly inquiry.

Generative language models like ChatGPT have established foundational and driving themes in the field, while topics
such as clinical reasoning and undergraduate medical students remain underexplored. In contrast, themes such as medical
training and medical ethics may be considered emerging topics.

Discussion

The field of Al and LLMs in medical education has experienced remarkable growth in recent years. Since the 1980s,
researchers attempted to leverage natural language interfaces to develop Al programs for medical education, focusing on
diagnosis, teaching methods, and gross anatomy.'> However, these early efforts did not reflect Al in its modern sense.
The field remained largely dormant for decades until the advent of generative models like ChatGPT reignited interest. Al
in medical education is now emerging as a distinct discipline, with applications in simulating clinical scenarios to
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Conceptual Structure Map - method: MCA
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enhance students’ practical skills and adaptability, as well as supporting educators in optimizing curriculum design and
teaching methodologies. The accumulation of literature in this field has reached a substantial scale, necessitating
specialized bibliometric methods to elucidate its characteristics. This study represents the first comprehensive biblio-
metric analysis of this domain.

In recent years, the integration of AI and LLMs into medical education has attracted significant attention, promising
to transform the training of medical professionals. Yet, its developmental trajectory remains uncertain. As we navigate
this new frontier, it is essential to weigh both the potential benefits and the challenges posed by evolving Al technologies
in the educational landscape. The principal findings of this study are summarized in Figure 6. In co-citation network
analysis, betweenness centrality serves as a critical metric for assessing the intermediary role of nodes in information
dissemination and knowledge flow.'® Nodes with a betweenness centrality of 0.1 or higher typically act as pivotal hubs,
connecting diverse research groups and facilitating knowledge exchange.'” Our analysis identified 10 authors and 4
institutions with betweenness centrality values of 0.1 or greater in the author and institutional co-citation networks,
underscoring their roles as key connectors fostering collaboration across research teams.

In contrast, no nodes in the co-citation network exceeded a betweenness centrality of 0.1, indicating that the field is
still in its early developmental stage and lacks robust interdisciplinary connections or subfields. However, six citations
approached a betweenness centrality of 0.1, suggesting their emerging significance. We anticipate that these citations will
evolve into critical knowledge bridges, fostering connections across research directions in the future.

Notably, the article with PMID 37115527, exhibiting a betweenness centrality of 0.09 (Supplementary Table 1,
No.34), holds potential as a knowledge hub linking various subfields.'® Despite receiving only 18 local citations and

lacking a direct focus on medical education, this cross-sectional study demonstrates that Al chatbots outperform
physicians in delivering higher-quality and more empathetic responses to patients. By providing objective evidence of
Al’s capabilities, this work lays a foundational knowledge base for Al and LLMs applications in medical education and

may bridge diverse subtopics in future research.

Journals

Basic Hotspots:
survey, attitude

Call for papers Current Hotspots:
) nursing education,
catalyzing l digital health,

Discioli conversational agent,
lietli= medical exam
differentiation

Large Language and development

Models/Chatgpt

Emerging Hotspots:
medical ethics,

- 5 medical training,
bursting V \ skills training

Insufficient Hotspots:

Al in Medical Education clinical reasoning,
undergraduate education;
virtual realit

- d )

Figure 6 Summary diagram of the main findings of this research.
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Another study, published on June 9, 2023 also with a betweenness centrality of 0.09, is a high-impact review.'’
This article synthesizes the role of generative language models in medical education, highlighting their benefits
alongside challenges, including the quality of Al-generated content, biases in Al systems, ethical and legal
concerns, and risks of academic dishonesty. These issues are likely to be pervasive across Al research, reinforcing
the study’s potential as a bridging node in citation networks. Similarly, another review with a betweenness
centrality of 0.07'° advocates for longitudinal studies in medical schools to equip students with AI knowledge.
Its high betweenness centrality, typical of reviews in emerging fields, underscores its dominant position in the
literature landscape.

Beyond the influence of generative models like ChatGPT, an often-overlooked factor is the role of journal calls for
papers, which act as catalysts in the early stages of a discipline’s development. In nascent fields, academic dynamics are
more readily discernible over short periods. For instance, JMIR Medical Education issued calls for papers on this topic in
2023, and articles resulting from these calls exhibit significant bibliometric characteristics within the citation network. In
contrast, in mature disciplines, the impact of journal calls may be diluted by the sheer volume of literature.”’ Compared
to established fields, bibliometric analyses of emerging disciplines are relatively scarce. Our findings suggest that in the
formative stages of a new field, journal calls for papers can profoundly influence key bibliometric characteristics, shaping
the foundational knowledge of the discipline.

In the conceptual structure and thematic mapping sections, we categorized trending topics into hot and cold themes,
with results summarized in the article’s conclusion figure (Figure 6). Medical ethics emerged as a potential area for future
research. As early as 2021, scholars proposed integrating Al ethics education into medical curricula to prepare students
for informed decision-making in practice.”’ However, ethical challenges in medicine remain a critical hurdle for Al
applications in medical education. Clinical reasoning, another under-researched area, is currently overshadowed by
studies focusing on AI’s role in examinations, with limited attention to its impact on medical students.*> Thematic Map
Analysis’s strategic coordinates show “clinical reasoning” in the Niche Themes quadrant (Figure 5B) with low word
frequency capacity, evidencing its insufficiency. Nursing education’s rise post-2020 may stem from AI’s simulation for
clinical scenarios, heightened by pandemic-driven remote learning needs. The COVID-19 pandemic highlighted the
nurse shortage crisis, accelerating the adoption of artificial intelligence in nursing to optimize care processes, manage
pandemic-related data, and enhance service quality, significantly driving the field’s rapid development.”® The Josiah
Macy Jr. Foundation’s funding and conferences®* foster academic-industry partnerships with companies like OpenAl and
Google, promoting Al literacy curricula and ethical frameworks to support precision education. Industry collaborations,
as highlighted in Macy’s reports,”>*® drive innovation through data-sharing networks and open-source initiatives,
mitigating resource inequities and biases in Al applications. Policy makers, supported by funders like the NIH and
Macy Foundation, are encouraged to establish governance for safe Al integration, ensuring equitable access and robust
research agendas for medical education.?”"*® The rapid progress of Al in medical education is driven by cross-disciplinary
collaboration. Industry partnerships, via data sharing and funding, such as AIMI’s algorithm development, advance Al
research for educational applications.?” Policymakers, through programs like AIMI’s online courses, foster ethical Al
integration in medical education.”” The advancement of Al in medical education hinges on cross-disciplinary funding and
collaboration. Compared to Al research in computer science and engineering, educational Al research receives less
funding and started later, yet medical robotics is favored in NSF and NIH funding, suggesting potential for interdisci-
plinary collaboration and broader funding advantages in medical education.?®

Limitations and Shortcomings

This study employs a bibliometric analysis based on a targeted title search within the Web of Science Core Collection
(WoSCC). While this approach ensured high precision in selecting relevant studies, it limited the scope of topic coverage
and sample size compared to broader search strategies or the inclusion of additional databases. Nonetheless, our findings
remain robust and valid for the curated dataset. As the literature on Al and LLMs in medical education continues to
expand, future research should conduct more comprehensive bibliometric analyses and publish updates regularly to
capture the field’s evolving landscape.
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Conclusions

Al and LLMs in medical education have rapidly emerged as a significant field in recent years. The journal JMIR Medical
Education stands out as a key node due to its prominent bibliometric characteristics. During the early development of this
discipline, the journal’s submission calls significantly shaped the bibliometric features of the literature, thereby fostering
the field’s growth. Currently, the field of Al and LLMs in medical education continues to evolve without clearly defined
subfields. Growing interest has been observed in topics such as nursing education, digital health, medical exams, and
conversational agents. Research on ChatGPT and large language models holds a central and influential position within
this landscape. Moreover, emerging areas of focus include medical ethics, medical training, and skills training. However,
this analysis highlights a notable gap, namely insufficient attention to clinical reasoning, undergraduate education, and
virtual reality in the context of Al and LLMs in medical education, which limits advances in diagnostic and immersive
training.

Abbreviations
Al, Artificial Intelligence; LLM, Large Language Model; Al and LLMs, Artificial Intelligence and Large Language
Models.
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