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ABSTRACT
As medical education undergoes continuous transformation, the integration of artificial intelligence (AI) into teaching practices 
has attracted growing attention. AI has demonstrated considerable potential in virtual simulation, personalized learning 
support, clinical reasoning training, humanistic education, and interdisciplinary teaching. These applications have been shown 
to enhance instructional quality, optimize the learning experience, and foster educational innovation. Evidence indicates that AI 
not only delivers real-time feedback and targeted training but also facilitates the development of students' cognitive abilities 
and practical skills in complex clinical scenarios. Nevertheless, its widespread adoption faces persistent challenges, including 
limited acceptance among faculty and students, unequal distribution of resources, inadequate assessment frameworks, and 
lagging institutional support. Future progress should emphasize large-scale, multicenter empirical studies, promote deeper 
integration of technology with curricula, strengthen resource sharing and interdisciplinary talent cultivation, and establish 
unified standards and quality assurance systems. Such measures are essential for achieving the sustainable implementation of AI 
in medical education and maximizing its educational value.
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1　Introduction

Medical education, as the cornerstone of medical development, carries the mission of cultivating professionals who 
integrate theoretical knowledge, clinical skills, and professional ethics. With the continuous advancement of educational 
philosophy and medical science, medical education has gradually shifted from traditional classroom-based instruction to 
a model oriented toward clinical practice and competency development. Emerging technologies play a pivotal role in this 
transformation. In recent years, the advantages of artificial intelligence (AI) in data processing, pattern recognition, and 
interactive simulation have become increasingly evident, accelerating the shift of medical education toward greater 
intelligence and personalization [1].

Evidence suggests that AI holds substantial potential in virtual simulation, personalized learning support, clinical 
reasoning training, humanistic education, and interdisciplinary collaboration, thereby contributing to the improvement of 
educational quality. For instance, intelligent learning systems can monitor and analyze students ’  performance in real 
time, providing targeted feedback and training recommendations; immersive simulation environments enhance 
students ’  ability to understand and adapt to complex clinical scenarios [2]. Nevertheless, the widespread implementation 
of AI remains constrained by issues such as data security, ethical compliance, and educational equity, warranting cautious 
consideration in practice [3]. Against this backdrop, this article reviews the current state of AI applications in medical 
education, synthesizes relevant research and practical cases, and discusses existing challenges as well as potential future 
directions.

2　Current applications of artificial intelligence in medical education

The application of artificial intelligence (AI) has gradually permeated multiple dimensions of medical education, 
showing a clear trend toward deeper integration of technology and pedagogy.

In basic education, virtual simulation platforms provide standardized operational procedures and real-time feedback, 
effectively reducing experimental risks while substantially improving the controllability and reproducibility of learning. 
These platforms can reproduce complex experiments and clinical scenarios, allowing students to practice repeatedly in a 
low-risk environment, thereby strengthening both theoretical understanding and technical skills. Three-dimensional 
visualization and immersive interactive technologies have proven particularly valuable in anatomy, radiology, and 
pathology teaching. By transcending the limitations of traditional classrooms and cadaveric specimens, these tools offer 
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learners an intuitive understanding of human structures and pathological features. Such immersive experiences not only 
enhance spatial cognition but also sharpen clinical situational awareness, laying the foundation for subsequent skills 
training [4].

In clinical teaching, AI leverages case databases and interactive simulation systems to recreate diverse diagnostic and 
therapeutic contexts, enabling students to practice history taking, physical examination, diagnostic reasoning, and 
treatment planning. Systems provide feedback based on quantitative indicators, facilitating personalized and stratified 
guidance that helps students identify weaknesses and refine their skills. In surgical training, simulation platforms assess 
performance using metrics such as procedural accuracy, hand stability, and time efficiency, enabling repeated safe 
practice that progressively improves surgical proficiency and builds clinical experience. This blended model of virtual and 
real-world practice also alleviates constraints caused by limited patient availability and restricted training opportunities, 
while enhancing students ’  capacity to manage complex clinical situations.

In terms of learning support and teaching management, AI analyzes learning process data to dynamically adjust 
content and difficulty, thereby enabling personalized instruction. Teachers can draw on individualized learning profiles to 
perform fine-grained assessments of students ’  progress and deliver targeted interventions, improving educational 
efficiency while reducing instructional burden [5]. Moreover, AI shows promise in advancing doctor – patient 
communication and humanistic training [6]. Natural language processing – based dialogue systems can generate diverse 
interaction scenarios, allowing students to cultivate empathy and communication skills in virtual environments, thus 
reinforcing patient-centered education and strengthening medical professionalism.

The interdisciplinary nature of medical education is also reflected in AI applications. By integrating medicine, computer 
science, and engineering, interdisciplinary teaching platforms can be developed to foster collaborative learning and 
resource sharing. Such platforms not only help train professionals with both medical expertise and technical competence 
but also alleviate disparities in resource distribution, offering new approaches to promoting educational equity across 
regions and institutions. With the continuous maturation of AI technologies, their application in education is evolving 
from isolated tools toward systematic, refined, and personalized teaching ecosystems [7]. This shift not only enhances 
experimental and clinical training conditions but also provides sustained momentum for pedagogical innovation and 
quality improvement [8].

Overall, the integration of AI into medical education is shaping a multi-tiered and multidimensional developmental 
landscape. From basic instruction and clinical training to learning support and interdisciplinary education, AI has 
demonstrated deep alignment with educational objectives. These advances lay a solid foundation for future research and 
practice while opening new opportunities for cultivating versatile professionals capable of meeting the demands of 
modern medicine.

3　Research methods and application mechanisms of artificial intelligence in medical education

Current studies indicate that the application of artificial intelligence (AI) in medical education has progressively 
evolved into a systematic framework centered on data analytics, model development, and learning behavior assessment. 
This framework provides both theoretical and practical foundations for educational improvement. Beyond serving merely 
as an auxiliary teaching tool, AI is increasingly integrated into curriculum design, learning evaluation, and educational 
management, thereby driving pedagogical models toward greater scientific rigor and refinement.

In terms of data acquisition and utilization, researchers have sought to integrate learning behavior data with clinical 
case resources. By analyzing students ’  behavioral trajectories in virtual simulations, online assessments, and practical 
exercises, quantifiable learning profiles can be constructed. These profiles not only reveal learning patterns and cognitive 
characteristics but also provide empirical evidence for personalized instruction, stratified teaching, and curriculum 
optimization. Moreover, such data-driven approaches can guide educational policy and resource allocation while 
enabling the evaluation of instructional interventions [9]. By doing so, they enhance the scientific validity and effectiveness 
of pedagogical strategies across diverse contexts.

With regard to models and tool applications, research has primarily focused on natural language processing and 
dialogue systems, image recognition and three-dimensional reconstruction, and recommendation-based adaptive 
learning platforms. Evidence shows that language-based question – answering systems contribute to simulating patient 
interactions, case discussions, and classroom engagement; image recognition and reconstruction technologies have 
demonstrated effectiveness in anatomy and radiology education; and recommendation systems enhance learning 
pathways and knowledge acquisition[10-11]. Importantly, these studies emphasize not only the feasibility of technological 
deployment but also the empirical validation of educational outcomes, thereby offering theoretical support for AI in 
medical education while advancing continuous refinement of teaching methods, learning strategies, and evaluation 
systems.

Teaching evaluation and feedback mechanisms are emerging as key research priorities. By analyzing error rates, task 
completion times, and problem-solving strategies, AI enables the construction of comprehensive competency 
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assessment frameworks that surpass conventional examination scores or subjective teacher evaluations in reflecting 
students ’  actual capabilities. These insights provide educators with more precise guidance for targeted interventions.

Furthermore, interdisciplinary research and educational equity have received growing attention. Effective AI 
applications often require the synergy of medicine, pedagogy, and information technology. Recent work has explored 
cross-disciplinary platforms and joint training models to cultivate professionals who combine domain expertise with 
technical proficiency. In parallel, the promotion of open resources and shared platforms can help mitigate regional and 
institutional disparities in access to quality education, thereby contributing to greater equity in medical education.

Taken together, the methods and mechanisms underlying AI in medical education are shifting from isolated tool use 
toward systematic, evidence-based, and sustainable development. This progression not only strengthens the foundation 
for pedagogical improvement, educational reform, and policy design but also drives the ongoing optimization of 
curriculum design, evaluation frameworks, and learning strategies. Ultimately, these advances enhance the scientific rigor, 
specificity, and overall quality of medical education, while simultaneously laying the groundwork for future innovation 
and improved educational equity.

4　Key challenges and governance issues in applying artificial intelligence to medical education

Despite its considerable promise, the application of artificial intelligence (AI) in medical education continues to face 
multiple challenges, which must be examined from both pedagogical practice and institutional governance perspectives.

First, acceptance and integration among faculty and students remain limited. Many educators lack systematic training 
and in-depth understanding of AI, with applications often confined to auxiliary demonstration rather than being 
embedded in course objectives and instructional design. While students typically express enthusiasm toward novel 
technologies, they often perceive AI as a supplementary tool rather than a systematic aid for developing clinical 
reasoning, analytical thinking, and practical competence. As a result, the full potential of AI in cultivating comprehensive 
capabilities has yet to be realized.

Second, there is a mismatch between application scenarios and educational needs. Most current AI applications are 
concentrated in relatively closed domains, such as anatomy, radiology, and technical skill training, while exploration in 
core areas—such as integrated clinical reasoning, medical humanities, communication skills, and interdisciplinary 
competence—remains insufficient. This disconnect limits AI ’ s ability to comprehensively support the development of 
well-rounded medical professionals.

Third, unequal distribution of resources constrains broader adoption. Advanced simulation platforms, learning 
analytics systems, and interactive training devices are largely concentrated in leading universities and major research 
centers. In contrast, many general medical schools and grassroots institutions face shortages in funding, equipment, 
technical support, and faculty training, limiting access to high-quality educational resources. Such disparities not only 
hinder the wider dissemination of AI tools but also risk exacerbating existing inequities in medical education.

Fourth, the evaluation systems for teaching quality remain underdeveloped. Current frameworks lack unified 
standards and long-term follow-up mechanisms. Although AI has demonstrated potential to enhance learning efficiency 
and enrich educational experiences, most studies and applications focus on short-term outcomes, failing to capture long-
term improvements in knowledge retention, clinical competence, and professional development. This limits the scientific 
validity and credibility of AI applications.

In addition, educational philosophy and institutional safeguards have lagged behind technological progress. Many AI 
initiatives remain technology-driven, without adequately aligning with student-centered educational principles. Ethical 
oversight, application guidelines, and quality assurance mechanisms are inconsistently implemented, with significant 
variation across institutions in terms of standards and regulatory frameworks [12].

Taken together, AI in medical education is still in a stage of exploration and transition. To realize its full potential, 
coordinated progress is required in faculty and student training, expansion of application scenarios, resource sharing, 
evaluation system development, and institutional governance. Only with such safeguards in place can AI effectively 
support quality improvement and pedagogical innovation in medical education.

5　Future directions

The future development of artificial intelligence (AI) in medical education should emphasize the deep integration of 
pedagogy and technology, fully harnessing its educational value to support the continuous refinement of teaching 
models and competency-based training. First, large-scale, multicenter, and cross-regional empirical studies are needed. By 
systematically collecting and analyzing data on students ’  learning behaviors, clinical performance, and responses to 
instructional interventions, researchers can establish standardized evaluation systems to provide evidence-based 
validation of educational outcomes [8,13]. Such efforts will not only clarify the actual impact of AI across different 
instructional stages but also inform curriculum optimization, pedagogical adjustments, and education policy 
development, thereby ensuring scientific and sustainable practices.
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In terms of teaching practice, AI tools should gradually evolve from serving as auxiliary demonstrations to becoming 
embedded in the core components of curricula, spanning basic theoretical instruction, clinical skill training, and the 
development of integrative competencies. At the same time, open platforms, shared databases, and regional 
collaboration mechanisms should be promoted to enable the flow of high-quality educational resources across 
institutions, including those in resource-limited settings. This will help mitigate disparities in resource distribution and 
advance educational equity. Furthermore, multidimensional learning analytics can be leveraged to design personalized 
learning pathways and stratified guidance, providing tailored support for students with diverse backgrounds and needs, 
ultimately improving overall instructional quality.

Faculty training and interdisciplinary talent cultivation are equally critical. Educators must not only possess strong 
medical expertise but also understand the fundamental principles of AI and its roles in curriculum design, educational 
research, and assessment framework development. Building interdisciplinary teams that bridge medicine, education, and 
computer science will facilitate the cultivation of professionals who combine subject expertise with technological 
proficiency, thereby ensuring sustained innovation in medical education.

At the level of governance and institutional frameworks, unified application guidelines, operational standards, and 
quality assurance systems should be established. A multi-level governance structure involving education authorities, 
universities, and technical organizations is essential to ensure that AI applications in medical education remain safe, 
effective, and sustainable. With continued accumulation of educational data, resource integration, and system-level 
capacity building, AI is expected to play an increasingly prominent role in enhancing teaching efficiency, optimizing 
clinical training, strengthening evaluation systems, and promoting educational equity. Collectively, these efforts will 
provide robust support for the modernization, scientific advancement, and fairness of medical education.

6　Conclusion

Artificial intelligence has already demonstrated substantial value in advancing educational innovation, improving 
instructional quality, and enriching the learning experience in medical education. However, its sustainable development 
requires continued efforts in empirical research, deeper pedagogical integration, resource sharing, faculty development, 
and institutional governance. As these challenges are progressively addressed, AI is poised to assume a more 
comprehensive role—strengthening knowledge acquisition, clinical competence, and professional growth among 
students, while driving improvements in evaluation frameworks, pedagogical models, and educational equity. Through 
interdisciplinary collaboration and evidence-based management, AI applications can provide long-term momentum for 
medical education and offer a solid foundation for cultivating high-quality medical professionals with integrated 
expertise, practical skills, and holistic competencies.
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