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Objective: This study aims to explore the application of artificial intelligence in medical education by comparing research hotspots 
and evolutionary trends between China and the international community, ultimately proposing informed educational practices and 
policy recommendations.
Methods: Literature was retrieved from the core collections of CNKI and Web of Science for the period 2014–2024, limited to article 
and review publications. After applying a unified Boolean search strategy and deduplication, the data were analyzed using CiteSpace 
6.4.R1 to examine publication trends, collaboration networks, keyword co-occurrence/clustering/burst detection, and co-citation 
patterns.
Results: A total of 379 Chinese and 552 English records were included. Publications surged after 2018 and peaked during 2023–2024. 
International hotspots centered on machine learning, deep learning, and large language models for simulation-based training and 
clinical reasoning; Chinese studies focused on “New Medical Sciences”, VR/AR, and medical imaging. The emergence of generative 
artificial intelligence and multimodal large models has become a new frontier in artificial intelligence research within global medical 
education from 2023 to 2024.
Conclusion: This study is based on a comparison of two databases to reveal the hotspots and differences in artificial intelligence and 
medical education research between China and the international research community. It not only compensates for the time lag of 
existing research, but also proposes three major trends driven by artificial intelligence in the development of medical education 
(generative AI, personalized learning, immersive experience). A complementary pattern exists between technology-driven and 
scenario-driven orientations. We recommend integrating AI literacy and ethics into curricula, establishing Generative-AI teaching/ 
assessment guidelines, and building cross-institutional, yearly knowledge-map monitoring for sustainable innovation in medical 
education.
Keywords: artificial intelligence, AI, medical education, literature visualization, generative AI

Introduction
In the context of the global rapid advancement of science and technology, artificial intelligence (AI) is increasingly 
permeating various fields. Medical education, as a vital component of higher education, has also been profoundly 
impacted by AI technologies. In recent years, the applications of AI in medical education have been progressively 
expanding, with their potential and effectiveness drawing widespread attention. At the micro level, AI technologies have 
demonstrated remarkable advantages in areas such as medical image analysis, disease diagnosis simulation, and virtual 
patient interactions, significantly enhancing the precision and interactivity of medical learning.1 From a macro 
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perspective, it even holds the potential to reshape the structure and format of medical education, fundamentally 
transforming the paradigms of modern medical education.2

At present, despite the global advancements in AI research within medical education, there remain notable disparities 
in research focuses, methodological frameworks, and depth of practical applications between Chinese and global medical 
education systems.3 In other countries such as the United States and Canada, AI application in medical education has 
reached relative maturity. Existing literature has explored its practical implementations in curriculum design, innovative 
teaching methodologies, and evaluation-feedback mechanisms.4 Building upon its own educational system, China has 
actively explored AI applications in indigenous medical education in recent years. For instance, AI has been used to 
promote diagnostic thinking skills and cultivate personalized teaching programs for medical students, while also fostering 
their humanistic care consciousness and facilitating collaborations between clinical medicine and social science 
research.5

Bibliometric analysis is a rigorous and widely adopted methodology for investigating scientific literature through 
quantitative evaluation, encompassing research hotspots, emerging trends, and academic impact.6

This study intends to utilize the resources of two major databases, Web of Science (WoS) and the Chinese National 
Knowledge Infrastructure (CNKI), in conjunction with the CiteSpace visualization tool, to conduct a comparative 
analysis of the current hotspots and developmental trends of AI in Chinese and global medical education. Despite the 
limitations of databases, this approach enables a systematic examination of research achievements, current developments, 
and pivotal focus areas in AI and medical education fields. This study will seek to chart the developmental trajectories 
and core themes of the field, shedding light on the future integration of AI and medical education across the global 
landscape.

Materials and Methods
Data Sources and Search Strategies
In this study, CNKI database was used as the source database for advanced searches with subject terms including 
“artificial intelligence”, “machine learning”, “deep learning”, “natural language processing”, “computer vision” com
bined with “medical education”. The search spanned the time range from January 1, 2014 to December 31, 2024, 
yielding 430 articles. After excluding conference notices, reports, and irrelevant literature, 379 Chinese documents were 
finally included. For the Web of Science Core Collection database, the search strategy used TS=(“artificial intelligence” 
OR “machine learning” OR “deep learning” OR “natural language processing” OR “computer vision”) AND 
TS=“medical education” within the same time period. This resulted in 632 records. Following exclusion of conference 
papers, editorial materials, and news articles, document types were restricted to “Article” and “Review” in English. The 
retrieval date was March 4, 2025, resulting in a final inclusion of 552 English documents. The screening process of all 
literature was independently conducted by two individuals, and the screening results excluded possible differences.

Research Tool
This study employed CiteSpace 6.4.R1 software for data analysis. CiteSpace is a visual mapping tool that can intuitively 
display research hotspots and evolutionary trends in specific fields through knowledge graphs.7 The software supports 
capabilities such as annual publication output analysis, co-authorship/collaborative network analysis among authors/ 
institutions/countries, keyword co-occurrence/burst/clustering analysis, cited reference clustering analysis, co-citation 
analysis of authors/journals, and journal overlay mapping.

Data Analysis
The CiteSpace software was used to conduct co - occurrence analysis, cluster analysis, and perform keyword burst 
analysis with keywords as nodes. The time span was set from 2014 to 2024, the time slice was set to 1 year, and the map 
pruning methods were selected as “pathfinder” and “pruning sliced networks” to run the software for analysis. In the 
map, nodes represent the objects of analysis. The size of the circle of a node represents its frequency. The color gradation 
of the circle represents the different years when the content appeared. The lines between nodes indicate the co - 
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occurrence strength, and the colors of nodes and lines correspond to the years. Centrality is a measure of the connection 
role of a node in the overall network. The higher the centrality, the greater the influence and importance of the node in the 
overall network. Nodes with a purple - red outer circle are those with high centrality. Burst refers to a sudden increase in 
the citation volume within a certain period. Burst analysis helps to identify research hotspots and understand the cutting - 
edge trends in the research field.

Results
Comparative Analysis of Annual Publication Quantity
As depicted in Figure 1, the annual quantity of research papers published globally on the integration of AI in medical 
education did not exhibit any substantial growth during the period from 2014 to 2017. Nevertheless, starting from 2018, 
a steadily rising trend became evident, and there was a notably significant upsurge, especially following the year 2022. 
On the whole, in this particular field, the number of papers published by international community has consistently 
exceeded that of China.

Comparative Analysis of Research Institutions and Countries
Based on analysis of Web of Science and CNKI databases, the authors compiled lists of top 5 countries and institutions 
by publication quantity and centrality in the AI-medical education research field (Table 1). Results showed that the 
United States ranked first with 215 publications (38.9% of total), followed by China with 72 articles (13%). Notably, 
Belgium led in centrality rankings and maintained extensive research collaborations with countries such as India and 
Pakistan. The analysis of institutional contributions revealed a stark contrast between Chinese and global institutions in 

Figure 1 Comparative analysis of annual publication quantity in CNKI database and Web of Science database.

Table 1 The Top 5 Countries by Publication Quantity and 
Centrality in AI and Medical Education Research

Rank Centrality Frequency

Countries Values Countries Values

1 Belgium 0.92 Usa 215

2 Brazil 0.49 People’s R China 72

3 Denmark 0.46 Canada 49
4 New Zealand 0.33 England 45

5 Portugal 0.25 Germany 31
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publication output (Table 2). Globally, Harvard University ranked first with 31 publications. In contrast, Chinese 
institutions demonstrated significantly lower productivity, with West China Hospital of Sichuan University leading 
domestically. Notably, the publication volume of top global institutions (eg, Harvard University) exceeded that of all 
top five Chinese institutions combined, underscoring a pronounced disparity in research output and international 
competitiveness. This gap highlights the need for Chinese institutions to strengthen interdisciplinary collaboration and 
global partnerships to bridge the technological and scholarly divide in AI-driven medical education research.

In the country co-occurrence network map (density=0.0373, 80 nodes, 118 connections), the United States, China, the 
United Kingdom, and Canada occupied core positions. The US established collaborative links with Canada, the UK, 
Israel, and others. However, collaborative ties between China and Western countries were less extensive compared to the 
closer partnerships observed among Western nations themselves (Figure 2).

Comparison of Keyword Co-Occurrence Analysis and Frequency Analysis
Based on the keyword co-occurrence network analysis of the Web of Science database, the map density is 0.0146, with 
367 nodes and 982 connecting lines (Figure 3).

A comparison of the frequencies of keyword occurrences and the first occurrence year in this field was shown in 
Table 3. As can be seen from Table 3, the hot issues of artificial intelligence in the field of medical education have gone 
through three development stages.

Table 2 The Top 5 Institutions by Publication Quantity in AI and Medical Education Research Between Chinese Institutions 
and Global Institutions

Rank Chinese Institutions Publication 
Number

Global Institutions Publication 
Number

1 West China Hospital of Sichuan University 8 Harvard University 31

2 Shanxi Medical University 6 Mayo Clinic 29
3 The First Affiliated Hospital of Chongqing Medical University 6 Harvard Medical School 20

4 Jilin University Second Hospital 5 University of California System 20

5 Sichuan University 5 University of Toronto 18

Figure 2 Co-occurring network diagram of the countries involved in the research on AI and medical education.
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The first stage was from 2015 to 2017. Artificial intelligence mainly relied on deep learning technology and was 
mainly applied to teaching reforms, medical student courses, and course feedback in medical education. The second stage 
was from 2018 to 2020. Due to the development of machine learning technology, the application of artificial intelligence 
in clinical teaching developed rapidly, especially research in areas such as simulation teaching, virtual reality, and 
medical imaging became hotspots. The third stage was from 2021 to 2024. Big data and natural language processing 
promoted the rapid development of large language models and generative artificial intelligence. Artificial intelligence 
represented by ChatGPT was applied in multiple fields of medical education.

By comparing the first occurrence years of keywords in this field, it can be seen that the research on artificial 
intelligence in the field of medical education in China was slightly earlier than that in other countries, especially in the 
research on virtual reality and medical imaging, which was significantly earlier than that in other countries. However, the 
international research community was ahead of China in research on big data and large language models. This 
comparative analysis highlights divergent research trajectories: China emphasizes localized educational adaptations, 
while global efforts prioritize technological advancements (eg, generative AI). Bridging these foci could enhance cross- 
regional synergies in AI-driven medical education.

Figure 3 Co-occurring Keywords network diagram based on Web of Science database.

Table 3 Comparative Analysis of Top 5 Keywords in AI and Medical Education Research Between China and Other Countries

Rank China Other Countries

Keywords Frequency The First 
Occurrence Year

Keywords Frequency The First 
Occurrence Year

1 Artificial intelligence 189 2017 Artificial intelligence 271 2018

2 Medical education 126 2016 Medical education 232 2015

3 New medical disciplines 37 2018 Machine learning 60 2019
4 Nurse education 26 2018 Deep learning 30 2015

5 Talent cultivation 23 2019 Education 30 2015
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Comparison of Keyword Cluster Analysis
Based on the keyword co-occurrence analysis in the research of artificial intelligence and medical education, cluster 
analysis was carried out. The research on artificial intelligence in China mainly focused on themes such as “medical 
education”, “medical research”, “teaching reform”, “nursing education”, and “New Medical Sciences” (which refers to 
China’s national reform of medical education, focusing on interdisciplinary training). While the research in other 
countries mainly focused on themes such as “medical education & training”, “machine learning”, and “digital health”. 
The average Silhouette Value (S value) of the map is 0.8641, and the Modularity Value (Q value) is 0.6945 (Figure 4).

Figure 4 Keyword cluster analysis map based on Web of Science database.

Figure 5 Time zone diagram of keyword cluster based on Web of Science database.
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Analysis of Time Zone Diagram
In this study, the keyword clustering of the two databases was carried out based on the Log-Likelihood Rate (LLR) 
algorithm method, and the time zone view was obtained through operation (Figure 5).

Analyzing from the time zone diagram, it can be seen that in foreign medical education, research on the integration of 
deep learning and medical education started at an earlier stage. Deep learning, as an emerging field, began to attract 
attention in 2015, and its application in medical education gradually increased over time. Since 2017, the application of 
artificial intelligence in the medical field has become a research hotspot. Especially in 2018 and 2019, research related to 
medical education, technology, big data, and clinical reasoning increased significantly. The application of machine 
learning in the medical field also achieved remarkable development in 2018 and 2019, particularly in aspects such as 
medical simulation education, digital health, and case-based learning. By 2023, large language models and generative 
artificial intelligence (Generative AI) have emerged as prominent research foci. For instance, the extensive application of 
ChatGPT indicates that the ability of artificial intelligence in understanding and generating natural language is being 
explored and applied to medical education and practice.

However, the integration of medical education and artificial intelligence in China started slightly later than that in 
foreign countries. Since 2016, artificial intelligence has started to become a research hotspot in the field of medical 
education. Deep learning was the first to draw attention. In 2018, the concept of new medical disciplines emerged, and 
meanwhile, medical imaging became the research focus. Subsequently, the application of virtual reality technology and 
virtual simulation technology in medical education gradually became a research hotspot.

Comparison of Keyword Burst Detection Analysis
The analysis results of the CNKI database in China showed that intelligent medicine has the highest burst strength. From 
2021 to 2022, the burst strength reached 2.75. Analyzing the newly emerged burst keywords with relatively high strength 

Figure 6 Top 25 keywords with strongest citation bursts based on Web of Science database.
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in the recent three years (2022–2024), they included virtual reality, teaching practice, and information technology. In 
contrast, according to the analysis results of the WoS database, “machine learning” had the highest burst strength from 
2019 to 2022, reaching 4.01 (Figure 6). Among the newly emerged keywords with relatively high strength in the recent 
three years (2022–2024), there were “classification”, “medical education and training”, “cancer”, and “association”.

Based on the time and content of keyword mutations, it can be found that the research hotspots of artificial 
intelligence in the field of medical education in China mainly focused on the application of information technologies 
such as the combination of virtual reality technology and artificial intelligence in medical education practice. On the 
other hand, the research hotspots of artificial intelligence in the field of medical education in the international research 
community mainly concentrated on artificial intelligence technologies, such as machine learning, which were used to 
develop medical education learning tools, for example, in the field of oncology, to improve the efficiency and effective
ness of education.

Analysis of Co-Cited References and Analysis of Authors
Based on the Web of Science database, the clustering themes of the co-cited references included machine learning, 
multiple-choice questions, chatbots, radiology, neuroscience, ChatGPT, medical students, learning strategies, etc. It 
reflected that the current research frontiers of artificial intelligence in the field of medical education mainly focused on 
the application of large language models such as ChatGPT in medical disciplines. And these applications were likely to 
change the learning strategies of medical students and have a profound impact on medical education.

The top 5 authors of the co-cited references in the research of artificial intelligence in medical education were shown 
in Table 4. Professor Kung Tiffany H. from Harvard Medical School has significant influence in this field. The research 
topics mainly concentrated on using large language models, such as ChatGPT, to assist medical education and clinical 
decision-making. The research team evaluated the performance of ChatGPT in the USMLE (United States Medical 
Licensing Examination) and explored the potential and application prospects of AI in medical education.8

Discussion
Drivers of Accelerated Growth in AI Applications (2023–2024)
The rapid expansion of AI research in medical education over the past two years is underpinned by synergistic 
advancements in technology, pedagogy, and policy. Breakthroughs in machine learning (ML), large language models 
(LLMs), and deep learning have enabled novel applications such as virtual patient training systems and automated exam 
question generation.9 Concurrently, evolving educational paradigms emphasizing personalized learning and interdisci
plinary collaboration between medicine and information technology have further catalyzed AI adoption. The integration 

Table 4 The Top 5 Co-Cited References and Their Research Topics Based on the WoS

Rank Co-Cited References Frequency Research Topics

1 Kung Tiffany H, 2023, PLOS Digit Health, V2, 
Pe0000198, DOI 10.1371/journal. 

pdig.0000198

61 The Application of the Large Language Model ChatGPT and Its 
Application Potential in Medical Education and Clinical Decision-making

2 Gilson Aidan, 2023, JMIR Med Educ, V9, 
Pe45312, DOI 10.2196/45312

58 The Performance of the Large Language Model ChatGPT in the United 
States Medical Licensing Examination and Its Influence on Medical 

Education and Knowledge Assessment

3 dos Santos DP, 2019, Eur Radiol, V29, P1640, 
DOI 10.1007/s00330-018-5601-1

45 Medical Students’ Attitudes towards Artificial Intelligence in the Medical 
Field (Radiology)

4 Topol EJ, 2019, Nat Med, V25, P44, DOI 

10.1038/s41591-018-0300-7

39 Applications of Artificial Intelligence (Especially Deep Learning) in the 

Medical Field
5 Paranjape Ketan, 2019, JMIR Med Educ, V5, 

Pe16048, DOI 10.2196/16048

32 Introduction of Artificial Intelligence Training in Medical Education and 

How to Develop Medical Education Curricula Incorporating Artificial 

Intelligence
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of big data analytics has empowered predictive and prescriptive insights, enhancing AI’s utility in curriculum design and 
clinical skill assessment.10,11

Comparative Analysis of Research Focus: China vs International Trends
In this study, Chinese research prioritizes pedagogical reforms, virtual reality (VR)-enabled skill training,12 and digital 
transformation, driven by the government’s “New Medical Science” initiative. This policy advocates multidisciplinary 
integration and AI-supported personalized learning, fostering innovations like flipped classrooms and hybrid education 
models.13 While global research leverages ML for medical imaging analysis and disease prediction.14–16 Meanwhile, 
international research maintains a strong focus on issues of “ethics”, “bias”, and “fairness”—a priority that mirrors and is 
deeply intertwined with the global conversation on AI ethics and governance.

Emerging Trends and Future Directions
Generative AI and Large Language Models (LLMs)
LLMs, exemplified by ChatGPT, are revolutionizing medical education through dynamic text generation, clinical 
reasoning support, and interactive learning. These tools enhance student engagement by simulating patient interactions, 
generating case studies, and providing real-time feedback.17–19 Future efforts must address challenges in contextual 
relevance and real-time knowledge updates to ensure accuracy in clinical training.20 Generative AI (AIGC) further 
enables adaptive content creation, including tailored textbooks and immersive virtual scenarios, thereby enriching 
resource libraries and fostering competency-based learning.21

Personalized Learning and Adaptive Education
AI-driven classification and association algorithms are reshaping individualized learning pathways. By analyzing student 
performance data, AI systems deliver customized content, adaptive assessments, and targeted feedback, optimizing 
knowledge retention and critical thinking.22,23 Emerging research explores generative AI’s role in designing student- 
centric curricula, though ethical considerations regarding data privacy and algorithmic bias require rigorous scrutiny.24

Virtual Reality and Immersive Technologies
VR and augmented reality (AR) offer unparalleled opportunities for skill acquisition through simulated surgeries, 
anatomical exploration, and procedural rehearsals.25,26 However, barriers such as high costs, technical complexity, and 
limited evidence-based validation hinder widespread adoption.27 Future integration with AI could enhance interactivity, 
enabling real-time performance analytics and personalized skill remediation.

Challenges and Ethical Considerations
Privacy, Ethics, and Humanistic Values
The use of patient data in AI training raises concerns about privacy breaches and dehumanization of care. Medical 
curricula must emphasize ethical AI usage and balance technical proficiency with empathy cultivation.28

Data Bias and Hallucinations
AI-generated inaccuracies (“hallucinations”) and systemic biases pose risks in clinical decision-making. Mitigation 
strategies include robust validation frameworks, diverse training datasets, and transparency in algorithmic design.29,30

AI Literacy in Medical Education
A global survey of medical students highlights insufficient preparedness for AI integration.31 To address this, curricula 
must incorporate AI literacy modules, equipping future practitioners with skills to critically evaluate and responsibly 
deploy AI tools.32

Several limitations merit consideration. The study primarily relies on bibliometric analyses and theoretical frame
works, lacking empirical evidence or case studies to validate how AI tools function effectively in real-world medical 
education settings. Moreover, the comparative analysis of Chinese and global research trends may oversimplify the 
complex sociocultural and infrastructural factors shaping these landscapes, as it relies predominantly on keyword 

Advances in Medical Education and Practice 2026:17                                                                         https://doi.org/10.2147/AMEP.S573537                                                                                                                                                                                                                                                                                                                                                                                                       9

Ma et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



frequency analysis without deeper contextual exploration of regional nuances. The database selection only used CNKI 
and Web of Science, which were representative but may miss relevant literature from other important databases such as 
PubMed and Scopus.

Conclusion
This study elucidates the disparities between China and foreign nations by adopting a cross-border comparative frame
work and leveraging a knowledge graph, thereby transcending the constraints of prior research that was confined to 
a singular database. By extending the research timeline to encompass 2023–2024, we have captured the most recent 
advancements in the application of generative AI and ChatGPT, effectively bridging the temporal gap inherent in existing 
studies. It highlights the transformative potential of generative AI and immersive technologies to reshape medical 
education, calling on educators to prioritize AI literacy and ethical frameworks within curricula. It also underscores 
the need for cross-disciplinary collaboration and policy alignment to address global disparities in AI adoption, thereby 
providing a strategic roadmap for future research on adaptive learning systems and bias mitigation strategies.
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