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Introduction: Entrustable Professional Activities (EPAs) have emerged as a key framework in health professions education, facilitating
the development and assessment of competencies in healthcare professionals. Despite the rapid expansion of EPA-related research, the
global distribution, thematic trends, and scholarly equity surrounding these studies remain underexplored. The existing literature, while
growing, lacks a systematic and quantitative examination of the geographical and institutional origins of EPA research.

Methods: This bibliometric study analyzes a dataset of 966 publications sourced from the Web of Science Core Collection, spanning
from 2005 to 2025. The analysis includes an examination of publication trends, collaborative networks, and thematic shifts over the
two-decade period.

Results: The findings reveal a dominance of EPA research originating from North America and Europe, with significantly less
representation from the Global South. Over time, there has been a shift in research focus from the development of EPA frameworks to
the study of their implementation in clinical education settings. Collaboration patterns suggest a concentration of research activity
within a few high-resource regions, with limited cross-regional partnerships.

Conclusion: This study provides a comprehensive overview of the global landscape of EPA research, uncovering knowledge
disparities and underrepresented regions. It highlights the need for more inclusive and equitable contributions from the Global
South and suggests that future research efforts should prioritize collaborative, international approaches to enhance the diversity and
applicability of EPA scholarship.

Keywords: entrustable professional activities, EPAs, competency-based health professions education, bibliometric analysis, clinical
competencies

Introduction

Entrustable Professional Activities (EPAs) epitomize a critical transformation in health professions education, bridging the
divide between theoretical proficiencies and actual clinical duties. Originating in the Netherlands in 2005, EPAs have
progressively become an essential part of competency-based medical education (CBME) globally, highlighting the crucial
role of trust within the supervisory relationships between educators and trainees.'* By focusing on professional activities
that can be entrusted to learners, this framework addresses the challenge of translating abstract competency domains into
observing clinical practice.? Furthermore, the entrustment process plays a pivotal role in shaping the professional identity of
trainees. As learners progress through decreasing levels of supervision, the granting of trust fosters a sense of responsibility

and belonging within the healthcare team, which is fundamental to their transition into autonomous practitioners.
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EPAs are delineated as units of professional practice that are entrusted to learners once they have demonstrated
adequate competence, thereby enabling a more thorough and comprehensive assessment of clinical skills and
knowledge.>* They encapsulate the tasks or responsibilities that learners are anticipated to perform independently by
the end of their training, integrating a variety of competencies across different fields.” This concept is in line with the
shift from traditional time-based educational models to competency-based education models, focusing on the attainment
of specific competencies required for unsupervised practice.®

The foundation of EPAs is the principle that once medical interns exhibit sufficient competence, they are entrusted
with specific professional activities that are indispensable parts of unsupervised practice. This approach not only aids in
a more direct evaluation of clinical preparedness but also aligns educational outcomes with the demands of healthcare
services.” As the healthcare sector increasingly emphasizes outcome-based education, EPAs provide a structured frame-
work to ensure that learners acquire the competencies necessary for safe and efficient patient care.'~

While the body of literature on EPAs has grown exponentially, several systematic and scoping reviews have
attempted to synthesize this knowledge to guide implementation. For instance, Shorey et al conducted a scoping review
highlighting the use of EPAs across various health professions, emphasizing the need for consistent descriptions.®
Similarly, Meyer et al focused on the application of EPAs in undergraduate medical education,” while Bramley and
McKenna examined their utility in entry-level health professional education.'® Other reviews have synthesized evidence
on specific specialties, such as surgery'' or pediatrics.'? These reviews have provided valuable qualitative insights into
the definitions, implementation frameworks, and assessment challenges of EPAs. However, they primarily focus on
content analysis and implementation strategies within specific contexts. To date, there is a paucity of research utilizing
bibliometric methods to quantitatively map the global landscape of EPA scholarship. The existing reviews do not
systematically capture the macro-level evolution of the field, the growth of collaborative networks, or the geographical
distribution of research output over the past two decades.

Bibliometrics is the application of statistical and mathematical methods to analyze the quantitative characteristics and
development patterns of scientific literature. Its goal is to measure and evaluate the impact of research outputs across
various types of documents, such as books, journal articles, and patents. Through the examination of publication patterns,
citation analysis, and content analysis, bibliometrics offers insights into the trends, impacts, and networks of scientific
research. This methodology is extensively utilized in academia and research institutions to assess research performance,
identify influential works and authors, and comprehend the evolution of scientific disciplines.

The swift adoption of EPAs across various medical specialties and regions worldwide underscores the necessity for
a comprehensive bibliometric analysis to understand the trajectory, thematic evolution, and emerging collaboration
networks of EPAs research. Such an analysis can provide valuable insights into the core themes propelling EPAs research,
identify influential studies and authors, and elucidate the geographical distribution of EPAs scholarships. Moreover, it can
clarify the methodologies employed in EPAs research, offering a meta-perspective on the field’s development.’

This study aims to conduct a comprehensive bibliometric analysis of EPA-related publications from 2005 to 2025,
examining global trends, collaborations, thematic foci, and emerging directions in the field of health professions
education. By bridging the gap between qualitative reviews and quantitative mapping, this study seeks to provide

a holistic view of how the EPA framework has disseminated and evolved globally.

Materials and Methods

Data Source and Search Strategy

The Web of Science Core Collection (WOSCC) was selected for its comprehensive coverage of peer-reviewed literature
in health professions education. The search strategy employed the “Topic” field (TS), which searches titles, abstracts, and
author keywords. The specific query string was: TS = (“Entrustable Professional Activities” OR “EPA”) AND TS =
(“Medical Education” OR “Health Professions Education”). The search included all publication types (articles, reviews,
and conference papers) from January 2005 to November 2025. To ensure reproducibility, all records—including cited
references—were downloaded as text files on November 1, 2025.
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Inclusion and Exclusion Criteria
Inclusion criteria were: (1) Documents explicitly addressing the development, implementation, or assessment of EPAs
within health professions education (including medicine, pharmacy, and dentistry). (2) peer-reviewed English-language
articles, reviews, and conference proceedings papers and (3) accessible metadata including authorship, institution,
country, and keywords. Exclusion criteria included non-academic commentaries, editorials without analytical content,
and papers unrelated to education or training.

Two researchers (YK Zhang. and WW Liang.) independently screened the titles and abstracts of the retrieved records.
Disagreements regarding inclusion were resolved through discussion or consultation with a third senior researcher (C Zheng).

Analytical Framework
The bibliometric analysis was conducted using a comprehensive suite of tools, with data standardization performed prior
to visualization (eg, merging duplicate author names and unifying institution names such as “Harvard Univ”’ and
“Harvard University”).

Following established bibliometric protocols, analyses were conducted using Bibliometrix package (version 4.2.0) for
descriptive statistics, VOSviewer for co-authorship and co-citation visualization, and CiteSpace for temporal burst and
trend analysis. The analysis focused on six key dimensions: (1) publication and citation trends, (2) country and regional

The Implementation and Impact of Entrustable Professional Activities (EPAs) in
Medical Education: A Comprehensive Analysis from a Bibliometric Perspective
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Figure | Flowchart of the bibliometric study design. This diagram illustrates the sequential process of the literature review and analysis. The study was conducted using the
Web of Science database, focusing on publications related to EPAs between 2005 and 2025.
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distribution, (3) authorship and institutional networks, (4) journal impact, (5) keyword and thematic evolution, and (6)
collaboration patterns. The counting method was set to “Full Counting.” To improve map readability, minimum thresh-
olds were applied (eg, for keyword analysis, only keywords occurring at least 5 times were included).

Transparency and reproducibility were prioritized: all data processing steps were documented, and parameters were
standardized across tools. Where appropriate, findings were cross-validated between software outputs. Figure 1 showed
the flow chart of study design.

Results

Annual Publication Numbers and Average Citations Per Year

A summary of the annual publication output is presented in Figure 2. The analysis of academic articles published
between 2005 and 2025 indicates an overall upward trend in publication volume. In 2005, one article was published.
Subsequently, the number of publications increased annually. The average citation count per year fluctuates, with earlier
seminal papers accumulating higher citation counts over time.

Collaboration Analysis

Countries/Regions

Figure 3A and B illustrate the global distribution of EPA research. The United States produced the highest volume of
research, with 559 articles and a total of 6,506 citations (average: ~11.6 citations per article). Canada followed with 91
articles and 1,093 total citations. The Netherlands published 65 papers but achieved a high total citation count of 3,526.
Other contributing countries include Germany, Australia, and Switzerland. The collaboration network analysis indicates
that cross-border partnerships are most frequent between researchers in the United States and the Netherlands.

Author Analysis

Figure 4 present the most prolific and cited authors. Ten Cate O authored the highest number of publications (n=65), with
a total citation count of 1,970 and an average of 20.56 citations per article. Carraccio C and Schumacher DJ followed
with 30 and 25 articles, respectively. Regarding citation impact, Ten Cate O received the most citations, followed by
Chen HC (616 citations) and Carraccio C (529 citations).

Articles

2007
2009
2011
2013
2015
2017
2019
2021
2023
2025

Year

Figure 2 Annual scientific production of EPA-related research. The chart illustrates the steady annual growth in the number of publications related to Entrustable
Professional Activities over the past two decades.
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Figure 3 Geographical distribution and collaboration in EPA research. (A) Top 20 most productive countries. The bar chart distinguishes between Single Country
Publications (SCP, blue bar) and Multiple Country Publications (MCP, Orange bar), highlighting the proportion of international collaboration for each nation. (B) Global
scientific production map. The intensity of the blue color corresponds to the volume of publications, visualizing the concentration of research activity in North America,

Western Europe, and Australia.
Abbreviations: SCP, Single Country Production; MCP, Country Production.

Journal Analysis
Figure 5 displays the publication sources. Academic Medicine published the most articles on EPAs (n=125) and received

the highest total citations (4,082). The JOURNAL OF GRADUATE MEDICAL EDUCATION ranked second in output
with 98 articles and 1,014 citations. BMC MEDICAL EDUCATION and MEDICAL TEACHER published 46 and 45
articles, respectively, with MEDICAL TEACHER accumulating 2,211 citations. Other active journals included the
AMERICAN JOURNAL OF PHARMACEUTICAL EDUCATION, JOURNAL OF SURGICAL EDUCATION, and
JOURNAL OF GENERAL INTERNAL MEDICINE.
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Figure 4 Most prolific and influential authors in the field of EPAs. The blue bars represent the top |0 most prolific authors, ranked by the number of publications. The green
bars show the top 10 authors with the highest number of citations within the retrieved dataset.
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Figure 5 Most relevant and local cited publication sources in the field of EPAs. The blue bars represent the top |0 most relevant journals ranked by publication volume. The
green bars show the top 10 journals ranked by local citation counts.

Research Institution Analysis

Figure 6 outlines the institutional contributions. The University of California System had the highest output with 146
articles. The University of Toronto and Utrecht University Medical Center each published 103 articles. The University
System of Ohio and the University of Minnesota Twin Cities followed with 96 and 91 articles, respectively.

Words Analysis
The frequency and evolution of keywords are shown in Figure 7. The term “Entrustable Professional Activities” (EPAs)
showed a continuous increase in frequency from 2005 to 2025, with a notable rise in occurrences between 2015 and

EEINT3

2020. Co-occurring keywords with high frequency included “competency,” “performance,” and “assessment.” Figure 7B
illustrates the temporal distribution of topics, showing the emergence of terms related to “curriculum” and “feedback” in

recent years. The Words Frequency Over Time chart was displayed in Figure 7C.
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Figure 6 Most relevant affiliations in the field of EPAs. The bar chart displays the top 10 most relevant affiliations based on the number of published articles.
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Discussion
This bibliometric analysis offers the first quantitative mapping of global EPA scholarship from 2005 to 2025. Unlike

89 our data reveal

previous qualitative reviews that focused on implementation strategies within specific disciplines,
macro-level trends in the evolution, geographical distribution, and thematic shifts of the field.

The trajectory of annual publications indicates that EPA research has moved beyond its nascent phase into a period of
exponential growth. This surge aligns with the global paradigm shift towards Competency-Based Medical Education.®
The initial slow growth from 2005 to 2010 reflects the conceptual incubation period following Ten Cate’s seminal
introduction of the term.” The rapid acceleration post-2015 likely corresponds to the operationalization of EPAs by major
educational bodies, such as the AAMC’s “Core Entrustable Professional Activities for Entering Residency” in the United
States.'* This quantitative trend corroborates Bramley and McKenna’s observation that EPAs have become the “cur-
rency” for translating abstract competencies into clinical practice.'’

Our findings highlight a pronounced geographical imbalance, with the vast majority of research originating from
North America (USA, Canada) and Western Europe (Netherlands, Germany). The prominence of the Netherlands is
expected given the concept’s origins, while the high output from the USA reflects the systemic integration of EPAs into
graduate medical education accreditation.'® However, the scarcity of contributions from the Global South (Africa, South
America, Southeast Asia) is concerning. As noted in other bibliometric studies of medical education, this “western-
centric” production may limit the cross-cultural validity of current EPA frameworks. Educational models developed in
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Figure 7 Thematic evolution and keyword analysis. (A) Word cloud visualization of the most frequent keywords, where font size is proportional to the frequency of
occurrence. (B) Trend topics analysis. This chart illustrates the evolution of research hotspots over time, showing when specific topics became prominent. (C) Cumulative
frequency of keywords over time. The line graph tracks the growth of core terms from 2005 to 2025, reflecting the maturation of the field.

high-resource settings may not fully address the contextual challenges—such as higher patient loads and different
supervisory structures—faced in low- and middle-income countries."*

The keyword analysis illustrates a clear maturation of the field. Early terms focused on defining “competency” and
“entrustment.” In contrast, the emergence of recent high-frequency terms such as “feedback,” “curriculum,” and

9515

“e-portfolio”’” suggests a shift in research focus from conceptualization to implementation and assessment. This

evolution indicates that the academic community is now grappling with the practicalities of entrustment decision-

1617 in recent years also signals

making in the workplace. The appearance of “interprofessional education” and “nursing
the expansion of EPAs beyond medicine into allied health professions,'® validating the multidisciplinary applicability of
the framework.'” Effective implementation also necessitates a shared mental model of supervision levels (eg, ranging
from observation to independent practice). Standardizing these levels is essential for faculty to make consistent
entrustment decisions that balance learner autonomy with patient safety.

This study has several limitations inherent to bibliometric analysis. First, the reliance on the Web of Science Core
Collection may have excluded relevant articles published in journals not indexed in this database or in non-English
languages, potentially exacerbating the apparent gap in the Global South. Second, bibliometric metrics such as citation
counts are lagging indicators and may not fully capture the immediate impact of very recent publications. Finally, citation
analysis does not evaluate the quality of the individual studies included.

Looking ahead, continued refinement of EPAs is expected to further advance medical and health education by fostering
interdisciplinary research, strengthening the theory—practice connection, and maintaining relevance in a rapidly evolving
healthcare landscape.?’' Emerging assessment approaches, including virtual reality simulations and Al-driven analytics, will
support more precise competency evaluation and enable highly targeted feedback and interventions.”* ** Integrating a global
perspective remains essential, as examining EPA implementation across diverse healthcare systems can yield transferable
insights, promote international collaboration, and enhance adaptability across cultural and clinical contexts.”>>° Technology
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will remain central to EPA-based assessment. The growing use of digital portfolios and online platforms has already
transformed competency tracking, and future innovations are expected to provide more flexible and robust approaches to
monitoring progress, delivering feedback, and certifying competencies.*’ > Another key direction is the specialization of
EPAs for specific medical disciplines. Adapting EPAs to the distinct requirements of specialties such as anesthesiology>*~°
and radiology>® can better align competency development with professional practice needs.>”>° Achieving this specialization
requires close collaboration among educational institutions, professional bodies, and regulatory authorities to ensure align-

ment with professional standards and patient care priorities.'*>**

Conclusion

This bibliometric analysis of 966 publications from 2005 to 2025 demonstrates that EPA research has undergone
exponential growth, evolving from a theoretical concept to a widely implemented framework in health professions
education. However, the findings reveal significant geographical disparities, with scholarly production heavily concen-
trated in North America and Western Europe, while the Global South remains underrepresented. Thematically, the field
has matured, shifting focus from defining competencies to addressing practical implementation challenges such as
curriculum integration, feedback, and assessment tools. To ensure the global applicability of EPAs, future scholarship
must prioritize international collaboration and investigate the framework’s adaptation in diverse, resource-constrained
educational contexts.
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