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Abstract

Background: With the increasing recognition of the importance of simulation-based teaching in medical education, research
in this field has developed rapidly. To comprehensively understand the research dynamics and trends in this area, we conducted
an analysis of knowledge mapping and global trends.

Objective: Thisstudy aimsto reveal the research hotspots and devel opment trendsin the field of simulation-based teaching in
medical education from 2004 to 2024 through bibliometric and visualization analyses.

Methods: Using CiteSpace and VOSviewer, we conducted bibliometric and visualization analyses of 6743 articles related to
simulation-based teaching in medical education, published in core journals from 2004 to 2024. The analysisincluded publication
trends, contributions by countries and institutions, author contributions, keyword co-occurrence and clustering, and keyword
bursts.

Results: From 2004 to 2008, the number of articles published annually did not exceed 100. However, starting from 2009, the
number increased year by year, reaching a peak of 850 articlesin 2024, indicating rapid development in this research field. The
United States, Canada, the United Kingdom, Australia, and China published the most articles. Harvard University emerged as a
research hub with 1799 collaborative links, although the overall collaboration density was low. Among the 6743 core journal
articles, atotal of 858 authorswereinvolved, with Lars Konge and Adam Dubrowski being the most prolific. However, collaboration
density was low, and the collaboration network was relatively dispersed. A total of 812 common keywords were identified,
forming 4189 links. The keywords “medical education,” “education,” and “simulation” had the highest frequency of occurrence.
Cluster analysis indicated that “cardiopulmonary resuscitation” and “surgical education” were major research hotspots. From
2004 to 2024, atotal of 20 burst keywords were identified, among which “patient simulation,” “randomized controlled trial,”
“clinical competence,” and “deliberate practice” had high burst strength. In recent years, “application of simulation in medical
education,” “3D printing,” “augmented reality,” and “simulation training” have become research frontiers.

Conclusions. Research on the application of simulation-based teaching in medical education has become a hotspot, with
expanding research areas and hotspots. Future research should strengthen interinstitutional collaboration and focus on the
application of emerging technologies in simulation-based teaching.
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KEYWORDS
medical education; simulation-based teaching; bibliometrics; visualization analysis; knowledge mapping

https://mededu.jmir.org/2025/1/e71844 JMIR Med Educ 2025 | vol. 11 | 71844 | p. 1
(page number not for citation purposes)


mailto:bahj3@mail.sysu.edu.cn
http://dx.doi.org/10.2196/71844
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

Introduction

In the rapidly evolving landscape of medical education, the
integration of simulation-based training has emerged asapivotal
innovation. Simulation in medical education encompasses a
broad spectrum of methodologies, including high-fidelity
mannequins, virtual reality, standardized patients, and
computer-based simulations [1,2]. These techniques aim to
enhance clinical skills, decision-making, and teamwork among
medical professionals without the direct involvement of real
patients.

The adoption of simulation in medical training addresses several
critical challenges[3,4]. Firgt, it provides a safe and controlled
environment where learners can practice and refine their skills.
This is particularly crucial in high-stakes scenarios such as
emergency medicine, surgery, and critical care, where errors
can have severe consequences [5,6]. In addition, simulation
allows for repetitive practice and immediate feedback,
facilitating a deeper understanding of complex procedures and
concepts.

Over the past few decades, there has been asignificant increase
in research focused on the effectiveness and impact of
simulation-based education in the medical field [7,8]. This
growing body of literature reflects the widespread recognition
of simulation asavaluable educational tool. However, therapid
expansion of thisfield necessitates acomprehensivereview and
analysis to understand its development, trends, and future
directions.

Severa bibliometric analyses have been conducted on simulation
inmedical education [9,10], highlighting its growing importance
and impact. However, these studies often focus on specific
aspects of simulation, such assurgical training or virtual reality.
Our study complements this body of research by providing a
comprehensive overview of the entirefield, including emerging
technologieslike 3D printing and augmented reality (AR), and
by analyzing collaborative networks and thematic trends over
a 20-year period.

A bibliometric analysis provides an ideal approach to
systematically evaluate the literature on simulation in medical
education. By using quantitative methods to analyze publication
patterns, citation networks, and research themes, bibliometric
studies can offer valuable insights into the evolution of this
field. Such an analysis can identify key contributors, influential
publications, and emerging trends, thereby guiding future
research and practice.

This study aims to conduct a bibliometric analysis of the
literature on simulation in medical education. By examining
the scope, growth, and impact of research in this area, we seek
to elucidate the current state of the field and identify potential
gaps and opportunities for further investigation. Specifically,
this analysis will focus on the following objectives:

1 To map the overall publication trends and growth in
simulation-based medical education research.
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2. To identify the most influential journas, articles, and
authors contributing to thisfield.

3. To explore the thematic evolution and emerging trends
within the literature.

4. To assess the collaborative networks and geographical
distribution of research activities.

Through this comprehensive bibliometric analysis, we hope to
provide a clearer understanding of the trgjectory and impact of
simulation in medical education, ultimately contributing to the
enhancement of educational practices and outcomes in the
medical field.

Methods

Data Acquisition and Search Strategy

The search was conducted in the Web of Science Core
Collection (WoSCC) database, which iswidely recognized for
its comprehensive coverage of high-quality, peer-reviewed
literature [11,12]. While we acknowledge that including
additional databases such as PubMed or Scopus could provide
amore comprehensive dataset, the WoSCC was chosen for its
superior bibliographic accuracy and extensive coverage of
medical education research. Therefore, we opted to perform our
search within this database. We conducted a search in the Web
of Sciencefor al relevant papers published between January 1,
2004, and December 31, 2024. Thetime frame from January 1,
2004, to December 31, 2024, was selected because it marksthe
period when simul ation-based medical education beganto gain
significant traction in the literature, reflecting the growing
recognition of its importance in medical training. In medical
education, we define “simulation” as a teaching and training
method that encompasses high-fidelity mannequins, virtual
reality, standardized patients, and computer-based simulations.

The search formula “TS=(Medica education) AND
TS=(Simulation)” was used. The inclusion criteria were as
follows: (1) full-text publications related to simulation in
medical education, including original research articles and
review articles; (2) articles written in English; and (3) papers
published between January 1, 2004, and December 31, 2024.
We excluded conference abstracts, theses, dissertations, and
nonpeer-reviewed articles to ensure the quality and relevance
of the data. The exclusion criteriawere (1) topics not related to
simulation in medical education and (2) papers in the form of
conference  abstracts, theses, dissertations, and
non—peer-reviewed articles to ensure the quality and relevance
of the data. A plain text version of the papers was exported.

General Data

Between January 1, 2004, and December 31, 2024, the WoSCC
database recorded a total of 6743 publications concerning
simulationin medical education. Thisbody of literatureincluded
contributions from 121 countries and regions, 510 ingtitutions,
and 858 authors. Figure 1 shows the process of literature
searching and bibliometric analysis.
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Figure 1. Theworkflow of data collection and bibliometric analysis.
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Data Analysis

We used GraphPad Prism (version 8.0.2; Dotmatics) toillustrate
annual publication trends. The methodological approach was
validated through the use of CiteSpace and VOSviewer, both
of which are widely recognized and extensively used in
bibliometric research [13,14]. These tools have been shown to
provide robust and reliable analyses of large-scal e bibliometric
data

VOSviewer, a Java-based software developed by van Eck and
Waltman in 2009, facilitates the construction of various types
of network maps, such as bibliographic coupling, cocitation,
and coauthorship networks. CiteSpace, devel oped by Professor
Chaomei Chen, provides a dynamic platform for identifying
and visualizing patterns and trends in scientific literature,
enabling the exploration of knowledge domains and predictive
analysis of research trgjectories [14]. Our methodological
approach involved setting specific parameters for network
density (eg, keyword co-occurrence density of 0.0127), node
inclusion thresholds (eg, minimum occurrence frequency of
keywords), and time-slicing techniques to analyze temporal
changes. The references corresponding to the software
applications were verified against our citation list to ensure
accuracy [13,14]. When using VOSviewer and CiteSpace for
bibliometric analysis, we established standards for defining
international collaboration. This was done by examining the
authorship of papers, specifically the first and corresponding
authors, to ensure a comprehensive capture of collaborative
efforts from researchers across different countries.
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Burst detection in CiteSpace is based on the Kleinberg
algorithm, which models document streams using infinite-state
automata to extract meaningful structures[15]. These analyses
canreveal rapidly growing topics over extended periodsaswell
as short-term themes.

The rationale for selecting these techniques lies in their
widespread application and effectiveness in bibliometric
research. They provide robust and complementary insightsinto
productivity, impact, and collaboration patternswithin research
fields.

Results

Publication Trend

Figure 2 shows that from 2004 to 2008, the annual number of
publications on simulation teaching in medical education did
not exceed 100 articles, indicating that researchin thisfield was
still inits nascent stage. Since 2009, the number of publications
inthisfield has steadily increased, showing atrend of fluctuating
growth. Specifically, the number of publications in 2015
surpassed 300 for the first time, and by 2020, this number had
exceeded 500. This significant increase marks the growing
attention and interest of scholars and researchersin the field of
simulation teaching in medical education. Since 2020, the annual
number of publications in this field has consistently remained
above 500, reaching apeak of 850 articlesin 2024. Thisfurther
highlights the vigorous development and extensive influence
of research in the field of simulation teaching in medical
education.
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Figure 2. Trend chart of publicationsin the past 20 years.
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Accordingto Figure 3A, the connections between circular nodes
representing different countries to some extent reflect the
existence of relationships and collaborations between these
countries. Furthermore, the density of these connectionsin the
network can serve as an important indicator of the closeness of
collaborative relationships between countries. Among them,
the countries with the highest number of publications are the
United States (3083 articles), Canada (776 articles), England
(510 articles), Australia (381 articles), and China (375 articles)
(Table 1). In addition, countries such as Italy, the Netherlands,
Sweden, and Belgium have numerous connections, indicating
a complex network of relationships, which suggests that these
countries have relatively close research collaborations with
other regions.
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Using the CiteSpace software, an ingtitutional collaboration
network diagram was obtained, as shown in Figure 3B. Upon
statistical analysis, it was found that there are a total of 510
research institutions forming 1799 connections, with Harvard
University being the central hub. The diagram reveals that the
network density is 0.0139, indicating relatively weak
collaborative relationships between research ingtitutions, with
a dignificant portion of them operating in a relatively
independent research state. In terms of research output, the
top-10 ingtitutions by the number of publications are Harvard
University, the University of Toronto, the University of
Cdlifornia System, the University System of Ohio, Harvard
Medical School, Mayo Clinic, Northwestern University,
Feinberg School of Medicine, the University of Copenhagen,
and Pennsylvania Commonwealth System of Higher Education
(Table 2).

Figure 3. Network graph of national and institutional collaborations. (A) Network graph of national collaborations. (B) Network graph of institutional

collaborations. The bubble size represents the number of publications.
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Table 1. Top-10 most productive countries or regions.
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Rank Country or region Articles, n Centrality Percentage Half-life
1 United States 3083 0.51 45.71% 14.5
2 Canada 776 0.22 11.52% 135
3 England 510 0.25 7.57% 155
4 Australia 381 0.12 5.64% 15.5
5 China 375 0.02 5.56% 155
6 Germany 340 0.05 5.04% 16.5
7 France 189 0.03 2.8% 155
8 Denmark 184 0.05 2.73% 155
9 The Netherlands 164 0.1 2.43% 155
10 Switzerland 142 0.05 2.1% 16.5
Table 2. Top-10 most productive institutions.
Rank Institution Country Studies, n Centrality Half-life
1 Harvard University United States 167 0.06 135
2 University of Toronto Canada 153 0.04 115
3 University of California System United States 125 0.01 125
4 University System of Ohio United States 118 0.04 115
5 Harvard Medical School United States 82 0.09 135
6 Mayo Clinic United States 68 0.03 125
7 Northwestern University United States 66 0.01 105
8 Feinberg School of Medicine United States 65 0.01 105
9 University of Copenhagen Denmark 61 0.01 145
10 Pennsylvania Commonwealth System of United States 60 0.02 135

Higher Education

Author Collaborations

The sample data were processed using CiteSpace, and the
resulting author co-occurrence map is shown in Figure 4. In
this map, each node represents a different author. The size of
the node indicates the author’s publication frequency, meaning
thelarger the node, the more publicationsthe author has. When
nodes are presented in the form of annual rings, the bandwidth
of the color band corresponding to a particular year represents
the number of papers published by the author that year, with a
wider ring indicating more publications. The lines between
nodes represent collaborative relationships  between
organizations or authors, with the thickness of the lines
indicating the degree of collaboration.

Among the 6743 core journal articles, a total of 858 authors
were involved. The top-10 authors by publication volume are
Konge, Lars (69 papers); Dubrowski, Adam (50 papers);

https://mededu.jmir.org/2025/1/€71844

McGaghie, William C (37 papers); Wayne, Diane B (33 papers);
Cohen, Elaine R (33 papers); Barsuk, Jeffrey H (30 papers);
Auerbach, Marc (26 papers); Cheng, Adam (24 papers); Cook,
David A (23 papers); and Ringsted, Charlotte (22 papers).
Authors with 7 or more publications, atotal of 44 individuals,
were classified as the core author group, which accounts for
only 5.1% of the total authors. In addition, there are 915
collaboration lines among the authors on the map, with a
collaboration density of 0.0025, indicating alow-density level.
The number of linesis relatively sparse, and the collaboration
network map shows a relatively dispersed pattern. The largest
collaboration network system is formed by the research team
centered around Dubrowski, Adam; Nayahangan, Leizl Joy;
Cheng, Adam; Auerbach, Marc A; and Cook, David A. The
scale of collaboration is mainly presented in the form of
individual or small-scal e research teams, indicating that the core
research team in this field has yet to be fully established.
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Figure 4. Network diagram of author collaborations. The bubble size represents the number of publications.
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Keyword Co-Occurrence and Cluster

Using CiteSpace software to conduct akeyword co-occurrence
analysis on the sample, the constructed keyword co-occurrence
map is shown in Figure 5A. From the keyword co-occurrence
analysis, a total of 812 common keywords were identified,
forming 4189 connections, with a network density of 0.0127.

* Chen@ﬁdam

@ BarsukgdeffreyH

Wayn@iane B

Mcgaghie, William C ®

Themost frequently occurring keyword is* medical education,”
accounting for 7.9%. This is followed by “education” and
“simulation,” which account for 5.48% and 5.14%, respectively.
The keywords “performance” and “skills’ account for 3.49%
and 3.29%, respectively. These keywords represent the current
research hotspots and status in the field of simulation teaching
in medical education.

Figure 5. Keyword co-occurrence and keyword clustering map. (A) Keyword co-occurrence map. (B) Keyword clustering map. The bubble size

represents the number of publications.

Based on the keyword co-occurrence map, the log-likelihood
ratio algorithm was used to cluster the keywords, resulting in
akeyword clustering co-occurrence map. The Q valueis0.3707
(>0.3), and the Svalueis0.6725 (>0.5), indicating asignificant
clustering structure and a high degree of clustering match. The
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map displays a total of 10 clustering areas, among which
“cardiopulmonary resuscitation,” “surgical education,” “nursing
students,”  “interprofessional education,” and “patient
simulation” arethefivelargest clusters (Figure 5B). Specificaly,
medical simulation teaching has become an important
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component of medical education, widely applied in various
fields including cardiopulmonary resuscitation, surgical
education, and nursing student training.

Keyword Citation Bursts

The keyword burst visualization analysis identified a total of
20 keywords in the field of simulation teaching in medical
education from 2004 to 2024, along with their emergence
intensity and start-end years. Therelevant literature on keyword
emergence is shown in Figure 6.

It can be observed that the keywords with high emergence
intensity include “patient ssmulation,” “randomized controlled
trial,” “clinica competence,” and “deliberate practice”
Meanwhile, the research area began to focus on “patient
simulation” as early as 2004, which, along with “clinical
competence” and “computer simulation,” became one of the

Baetd

keywords with the longest duration of emergence. In recent
years, researchers have increasingly focused on themes such as
“trial” and “expert performance” The keywords that are still
emerging represent the current research frontiers and trends,
whichinclude“simulationin medical education,” “3D printing,”
“augmented reality,” and “ simulation training.” The emergence
of “3D printing” reflects the growing interest in using
patient-specific anatomical models for surgical planning and
training, offering a more personalized and immersive learning
experience. Similarly, “augmented reality” signifies the
integration of advanced technologies to create interactive and
realistic training environments, enhancing the acquisition of
clinical skills. These emerging trends highlight the
transformative potential of technology in medical education,
paving the way for more innovative and effective teaching
methodologies.

Figure 6. Keyword burst graph (sorted by the beginning year of the burst). The blue bars denote the reference has been published; the red bars denote

citation burstiness.

Keywords Year Strength Begin
Patient simulation 2004 21.79 2004
Clinical competence 2004 13.76 2004
Computer simulation 2004 10.58 2004
Competence 2004 10.53 2004
Management 2004 9.04 2004
Anesthesia 2004 8.17 2004
Trial 2006 10.19 2006
Operating room 2007 10.1 2007
Emergency medicine 2004 9.31 2007
Human patient simulator 2007 8.16 2007
Expert performance 2005 8.76 2010
Deliberate practice 2005 13.74 2013
Residents 2004 9.11 2014
Technology enhanced simulation 2014 8.94 2014
Metaanalysis 2014 14.01 2015
Randomized controlled trial 2009 12.66 2015
Simulation in medical education 2020 12.08 2020
3D printing 2016 11.2 2020
Augmented reality 2004 11.1 2021
Simulation training 2010 10.56 2022
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Discussion

Principal Findings

Theresultsof our bibliometric analysis provide acomprehensive
overview of the evolution, collaboration patterns, and thematic
focus of simulation-based education research in the medical
field. Key trendsinclude a steady increase in publications from
2004 to 2024, particularly a surge after 2009, indicating a
growing recognition of simulation’s importance in medical
education. By 2024, the publication count had peaked at 850,
highlighting a transition of simulation from a novel approach
to astaplein medical education. In addition, the United States
emerged astheleading contributor with 3083 articles, reflecting
substantial investment in education and research. Harvard
University is a centra hub for simulation-based medical
education, despite a fragmented ingtitutional landscape.
Prominent authors like Lars Konge, Adam Dubrowski, and
William C McGaghie drive thefield, though the low density of
collaborative networks suggests room for enhanced
inter-institutional teamwork. Keyword analysis underscoresthe
focus on competency-based education and practical skill
acquisition, with emerging technologies like 3D printing and
AR shaping future directions.

Comparison to Literature

Our findings are consistent with existing literature [16,17],
which also highlights the increasing role of simulation in
medical education over the past two decades. Previous studies
have documented the rise in publications and the central role
of the United States and key institutions like Harvard in
advancing this field. However, our analysis provides a more
granular look at the collaborative networks and thematic focuses,
revealing a fragmented ingtitutional landscape and the
emergence of cutting-edge technol ogiesthat arelessemphasized
in earlier reviews.

Implications of Findings

The implications of these findings are multifaceted. The robust
growthin simulation-based medical education research indicates
abroad acceptance of its efficacy inimproving medical training.
The strong international collaboration suggests that best
practices and innovative methodologies are being shared
globally, potentially standardizing and enhancing simulation
protocols. The emergence of hew technologieslike 3D printing
and AR points to a future where simulation-based education
will be more immersive and technologically advanced [18-20],
which could significantly enhance learning outcomes and patient
care. The integration of 3D printing and AR into
simulation-based training can significantly improve clinical
outcomes. 3D-printed anatomical models enable patient-specific
simulations, allowing surgeons to practice complex procedures
before operating on real patients, thus enhancing precision and
reducing errors[21]. Similarly, AR createsimmersive training
environments, providing real-time feedback and interactive
learning to enhance clinical skill acquisition [22]. However,
challenges such as the high cost of equipment and the need for
specialized training for educators and learners may limit their
widespread adoption. Future research should explore

https://mededu.jmir.org/2025/1/€71844
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cost-effective solutions to overcome these barriers and ensure
broader access to these technologiesin medical institutions.

The emergence of “cardiopulmonary resuscitation” as a major
research hotspot reflects its critical importance in medical
education and clinical practice. Cardiopulmonary resuscitation
is a high-stakes procedure where errors can have severe
consequences, making it an ideal candidate for simulation-based
training [23]. Simulation alows learners to practice
cardiopulmonary resuscitation in a controlled environment,
receive immediate feedback, and refine their skills through
repetitive practice [24]. This not only enhances individual
competence but aso improves team dynamics and
communication during rea-life emergencies.

Similarly, the focus on “surgical education” underscores the
need for advanced training methods to prepare surgeons for
complex procedures. Simulation-based training in surgical
education has been shown to improve technical skills, reduce
operative time, and enhance patient safety [25]. These findings
highlight the transformative potential of simulationin addressing
critical gaps in medical education and improving clinical
outcomes.

Limitations

While the bibliometric analysis provides valuable insights, it
has several limitations. First, the data might not capture all
relevant publications, particularly those in non-English
languages or those in less accessible databases, which could
introduce selection bias. Second, the analysis relies on citation
metrics, which may not fully reflect the quality or practical
impact of the research. For instance, highly cited articles may
not always represent the most impactful studies in terms of
educational outcomes. Third, the low density of collaborative
networks suggests that our findings might underrepresent the
potential for interinstitutional synergy and innovation. Finally,
a limitation of this study is the reliance on a single database
(WoSCC), which may not capture all relevant publications.
Future studies could expand the search to include additional
databases such as PubM ed and Scopusto enhance the robustness
of the findings.

Suggestions

To address the identified limitations and enhance the impact of
simulation-based education research, we suggest thefollowing:

1 Increasing efforts to include diverse and international
publicationsin future analyses.

2. Encouraging moreinterinstitutional collaborationsto create
amore cohesive research landscape.

3. Fostering larger, integrated research teams to deepen the
scope of studies and drive innovation.

4. Embracing and further investigating emerging technol ogies
to stay at the forefront of educational advancements.

Conclusions

In conclusion, the bibliometric analysis of smulationin medical
education research reveals a dynamic field characterized by
rapid growth, strong international collaboration, and evolving
thematic focuses. The increasing trend in publications,
significant contributionsfrom |leading countries and institutions,
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and theintegration of new technologiesunderscoretheimpactful  integrating emerging technol ogies, such as 3D printing and AR,
nature of this research area. Moving forward, enhancing into medical education. For instance, studiescould explore how
collaboration among institutions and expanding the core author ~ 3D-printed anatomical models can enhance surgical training by
network will be crucial. Future research should focus on providing redlistic, patient-specific simulations.
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