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Abstract: The integration of artificial intelligence (Al) into China’s medical physiology education has emerged as a transformative
strategy to modernize pedagogical practices and address systemic challenges in healthcare training. Current initiatives leverage Al-
driven tools such as machine learning algorithms for physiological simulations and virtual reality (VR) for immersive clinical training,
aiming to standardize educational outcomes, enhance student engagement, and improve readiness for complex clinical scenarios.
However, the rapid adoption of Al introduces critical challenges, including widening resource disparities between urban and rural
institutions due to over-reliance on technology, risks to data privacy in educational and clinical data management, and potential erosion
of humanistic care in training environments. These challenges are further compounded by concerns over academic integrity—
evidenced by student use of large language models (LLMs) to substitute critical thinking in assessments—and the need to balance
Al efficiency with traditional teaching methods, particularly in specialized fields like Traditional Chinese Medicine (TCM) where
master-apprentice models remain foundational. To reconcile technological innovation with educational integrity, this review proposes
a balanced framework encompassing five key strategies: adaptive curriculum design that synergizes Al tools with human oversight,
ethical governance to ensure algorithmic transparency and data security, equitable resource distribution to bridge regional gaps, faculty
development programs to enhance Al literacy, and mentorship ecosystems that integrate Al with personalized guidance. By
harmonizing AI’s potential with core pedagogical values, these strategies aim to cultivate a new generation of clinicians equipped
with both technical proficiency and ethical discernment, ultimately advancing healthcare quality and accessibility across China.
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This review focuses on the integration of artificial intelligence (AI) within medical physiology education in China, encom-
passing three primary learner groups to reflect the diversity of medical training pathways. The scope includes: (1) under-
graduate medical students (eg, clinical medicine, pediatrics, and preventive medicine), who form the core of China’s medical
workforce; (2) allied health science students (eg, nursing, radiology, and biomedical engineering trainees), for whom
physiological knowledge is critical to clinical practice; and (3) Traditional Chinese Medicine (TCM) practitioners undergoing
modernized training, where Al is increasingly applied to bridge classical TCM theories (eg, meridian physiology) with
evidence-based modern physiology. The analysis prioritizes core physiological domains aligned with China’s national medical
education standards, including cardiovascular, respiratory, neurophysiological, and endocrine systems, to ensure relevance to
clinical practice and policy directives such as the Medical Education Reform and Development Plan (2021-2025).

Traditional Physiology Teaching Methods

Historically, physiology education in China has been rooted in a structured, multi-modal framework designed to establish
foundational knowledge and practical skills. Central to this approach are formal lectures, where instructors deliver
theoretical content (eg, mechanisms of ion transport, endocrine regulation) to large groups, ensuring standardized
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dissemination of core concepts. Complementing lectures are small-group tutorial sessions, facilitating interactive
discussions to clarify complex topics (eg, interpreting electrocardiograms, analyzing renal function parameters) and
fostering critical thinking. Instructor-guided laboratory experiments further enhance learning, with hands-on training
using animal models (eg, frog neuromuscular junction studies) or human simulators to practice physiological measure-
ments (eg, blood pressure monitoring, spirometry). Finally, self-directed learning—primarily through canonical textbooks
and supplementary materials—reinforces concepts outside class hours, encouraging independent knowledge consolida-
tion. While effective in standardizing curricula, these traditional methods face challenges in addressing learner diversity
(eg, varying prior knowledge) and adapting to emerging demands, such as integrating omics data or Al-driven tools into
physiological education.

Evolution of Al in Medical Education
Within this review, artificial intelligence (AI) refers to computational systems capable of performing tasks historically
requiring human intelligence, with a focus on two key categories driving advancements in modern medical education.'
Generative Al encompasses systems (eg, large language models [LLMs] like ChatGPT-4, image generators) that create
novel content (text, images, or simulations) by learning patterns from training data. In physiology education, these tools
enable dynamic question generation (eg, “Explain the role of the renin-angiotensin system in blood pressure regulation”)
and interactive case-based learning, enhancing engagement and adaptability. Machine learning (ML), the second
category, involves algorithms (eg, deep learning, reinforcement learning) that improve task performance (eg, diagnostic
accuracy, simulation fidelity) through iterative data analysis. For instance, ML-driven physiological simulators (eg,
virtual models of autonomic nervous system regulation) and adaptive learning platforms—which tailor content to
individual student progress—are increasingly applied to refine training outcomes. Together, these Al subtypes are
reshaping how physiological knowledge is taught, learned, and applied in Chinese medical education landscape.
Although studies from countries such as Canada have demonstrated high acceptance of Al among medical students,
China’s medical education system is characterized by unique features of “strong policy guidance combined with regional
resource disparities” (eg, the China’s Medical Education Reform and Development Plan (2021-2025) proposes the goal
of “empowering primary medical education with AI”). Thus, a targeted analysis of adaptive pathways for Al integration
in China’s medical physiology education is warranted.

Development of Physiology Curriculum in China

The development of the physiology curriculum in China has been shaped by various factors. Curriculum design
components, including vision, operationalization, design, and evaluation, interact dynamically, and are influenced by
factors such as policy, local context, societal expectations, research trends, and technology.” In the National University of
Rwanda, a new modular curriculum in physiology received positive feedback regarding active learning methods, but
faced challenges related to limited contact hours and resources.’

In China, Sichuan University West China Medical School’s undergraduate sonographer education program, which
included an international curriculum on ultrasound physics and hemodynamics, showed comparable teaching effects
between international remote teaching mode before the COVID-19 pandemic and domestic on-site teaching mode during
the pandemic.* Additionally, in a Brazilian public university, students considered human physiology and exercise
physiology courses important yet challenging, suggesting the need for continuous assessment to improve the teaching-
learning process.”

Integration of Al in Chinese Medical Institutions

The integration of Al in Chinese medical institutions holds great potential but also faces several challenges. Ethical
concerns are a key obstacle, as emphasized in the twelve tips for addressing ethical issues in the implementation of Al in
medical education.’® These include the need to emphasize transparency, address bias, validate content, prioritize data
protection, obtain informed consent, foster collaboration, train educators, empower students, regularly monitor, establish
accountability, adhere to standard guidelines, and form an ethics committee.
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A cross-sectional study in Pakistan explored the integration of Al into medical education, finding that while the
majority of participants had a positive attitude towards it, there were concerns about over-reliance, ethical issues
regarding privacy and confidentiality, and the need for institutional support.” In China, the integration of Al in radiology
education has been investigated, with a survey showing that although most respondents were not familiar with how Al is
applied in radiology education, a substantial proportion were eager for its integration.®

In summary, the historical development of Al in medical education, the evolution of the physiology curriculum in
China, and the integration of Al in Chinese medical institutions all contribute to the foundation of Al-based medical
physiology education. The trends in medical education reform, the recognition of the importance of Al, and the efforts to
address ethical and practical challenges set the stage for the further development of Al in this field. However, there is still
a long way to go in terms of fully integrating Al into medical physiology education, ensuring its ethical use, and
providing adequate educational opportunities for students and educators alike.

In recent years, the application of artificial intelligence (Al) in medical education has gradually increased, especially
in Chinese medical schools. The introduction of Al technology has brought many new opportunities and challenges to
medical education.

First, the application of Al in medical education can significantly enhance personalized learning and clinical training.
Al-driven simulation technology offers realistic and immersive training opportunities, helping students prepare for
complex clinical scenarios and fostering the development of interdisciplinary collaboration skills.” However, the
introduction of Al also presents ethical challenges, particularly the risk of skill regression due to over-reliance on Al,
as well as the widening digital divide between educational institutions.’

Secondly, the application of Al in medical education also involves the development of professional ethics education
in medicine. Research indicates that Chinese medical graduate students have varying views on integrating Al with
professional ethics education. These views encompass both current development paths and predictions for future trends.
The potential benefits of Al in professional ethics education could significantly enhance the quality and effectiveness of
medical education, but it is also important to be aware of potential risks and to implement cautious supervision and
management. '

Finally, the application of Al in medical education requires establishing a trust framework to ensure that the use of Al
tools is both safe and beneficial. By drawing on the theory of trust decision-making in medical education, a structured
approach can be developed to define the role and extent of Al involvement in relevant tasks. This trust framework helps
to clearly identify the risks associated with Al usage and develop strategies to mitigate these risks.''

In short, the application of Al in Chinese medical schools has brought new perspectives and possibilities to medical
education, but it is also necessary to find a balance between technological innovation and humanistic skills to ensure that
Al can effectively enhance the quality and effectiveness of medical education.

Current State of Al in Medical Physiology Education in China
Al Tools and Platforms Used in Physiology Education

While generative Al tools (eg, large language models like ChatGPT-4) have shown promise in enhancing interactive
learning through dynamic question generation and case-based scenarios, their integration into physiology education also
introduces notable challenges to assessment integrity. Recent studies highlight that over-reliance on these tools may
compromise learning outcomes, as students might substitute critical thinking with passive generation of answers for

assignments or assessments. For instance, Lucas et al'?

reported in a systematic review that 38% of surveyed medical
students admitted using LLMs to complete written tasks, raising concerns about the validity of traditional assessment
methods in evaluating true comprehension of physiological concepts. Morjaria et al'® further demonstrated that
ChatGPT-generated responses to short-answer questions in physiology exams achieved pass rates comparable to
human students (67% vs 72%), yet lacked depth in reasoning—a critical skill for clinical decision-making. These
findings underscore the need for educators to adapt assessment strategies, such as incorporating real-time oral defenses or
scenario-based practical tasks, to mitigate the risk of superficial learning and ensure alignment with the core goal of

fostering deep physiological understanding.
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In physiology education, various Al tools and platforms are being utilized to enhance the learning experience. For
example, in the context of hemodialysis cannulation skills training, simulators with advanced sensors and computing
methods could be indispensable tools for standardized skills assessment and training.'* These simulators can quantify
cannulation skill using sensor data, potentially improving end-stage kidney disease patient outcomes.

In a comparative study of Al platforms in plastic surgery education, ChatGPT-4.0 outperformed other platforms on
the Plastic Surgery In-service Training Examination, reaching accuracy rates up to 79%.'> This indicates its potential as
an educational tool in this specialty. Additionally, in nursing education, a scoping review found that Al-based tools
generally received positive attitudes from students, highlighting the need to further study generative Al tools within this
context.'® These tools can potentially offer personalized learning experiences, which are crucial in the complex field of
physiology education.

Case Studies of Al Implementation in Chinese Medical Schools

Case studies of Al implementation in Chinese medical schools provide valuable insights into its practical application. In
some Chinese medical schools, team-based learning (TBL) is gradually being integrated, but its application remains
limited.'” Only about less than half of the schools used TBL in basic medicine or clerkship disciplines, and only 10%
used it in both. Challenges such as public awareness, executive support, professional training, and resource sharing need
to be addressed to facilitate its wider adoption.

In the context of anatomy education, some schools face a shortage of anatomical specimens, and body donation
programs are being promoted.'® Al-based technologies could potentially complement these efforts by providing virtual
anatomical models for teaching. Moreover, in the implementation of Al in orthopaedic research, while it has the potential
to transform the field by improving disease diagnosis, clinical decision-making, and outcome prediction, it also faces
challenges due to the inherent characteristics and barriers of the healthcare sector.'”

Policy-Supported Regional Pilot Projects

China’s policy-supported regional pilot projects, such as the National Virtual Simulation Experiment Teaching Project
for’ Al + Physiology Education,” aim to address the imbalance in resources between urban and rural areas through
technological innovation and the optimal allocation of educational resources. By introducing advanced artificial intelli-
gence technology and providing virtual simulation platforms, these projects ensure that students in remote areas can
access the same high-quality educational resources as those in cities. This approach not only enhances the accessibility
and fairness of education but also helps to narrow the gap in educational resources between urban and rural areas.

Specifically, these pilot projects have broken the traditional reliance on physical laboratories and equipment through
virtual simulation experiments, making the allocation of educational resources more flexible and efficient. Students can
conduct experiments and learn through online platforms, greatly enhancing the convenience and flexibility of their
learning experience. Furthermore, the application of artificial intelligence technology can provide personalized learning
suggestions and feedback based on students’ progress and understanding, thereby improving learning outcomes.

This innovative educational model complements China’s new urbanization policy. This policy not only focuses on
urban development but also emphasizes the growth of rural areas, aiming to reduce environmental pollution by
optimizing energy structures and promoting green technological innovation. Similarly, pilot projects in the education
sector are striving to achieve a balanced distribution of educational resources between urban and rural areas through
technological means, promoting the joint development of both regions. These measures provide valuable experience and
policy recommendations for China’s efforts to achieve ecological sustainability.

Student and Faculty Perceptions of Al in Physiology Education

Student and faculty perceptions of Al in physiology education play a crucial role in its successful integration. A cross-
sectional study of medical, dental, and veterinary students from 192 faculties worldwide showed that students had
positive attitudes towards Al in healthcare (median: 4, IQR: 3—4) and a desire for more Al teaching (median: 4, IQR:
4-5), but had limited Al knowledge (median: 2, IQR: 2-2) and lack of Al courses (76.3%).21
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In a study of Canadian medical students, 75% of respondents expressed confidence in giving presentations, but fewer
were confident in providing bedside teaching, teaching sensitive issues, and presenting at journal clubs.?? A significant
number (75%) also expressed interest in participating in a clinical teaching elective related to Al-enhanced teaching.
These findings suggest that while there is interest in Al-related education, there is a need to address knowledge gaps and
build confidence among students and faculty.

The current state of Al in medical physiology education in China shows that while there are promising Al tools and
platforms, and some case studies demonstrate the potential of Al implementation, there are still challenges to overcome.
Student and faculty perceptions highlight the need for increased Al knowledge, more Al-related courses, and confidence-
building measures. Addressing these aspects will be essential for the successful and widespread integration of Al in
medical physiology education.

Comparative Analysis of Al Attitudes in Medical Education

Globally, there are significant differences in attitudes of medical students towards Al (AI) in medical education. Chinese
medical students show some unique characteristics in Al education, which is in sharp contrast to the situation in other
countries.

First, Chinese medical students show a high level of awareness and a positive attitude towards the application of Al in
medical education. In one study, although only 43.5% of students were aware of the specific applications of Al in medical
education, most students were familiar with the concept of AL% In contrast, medical students in other countries may
have a lower level of awareness and application of Al. For example, in a global survey, only 38% of respondents had
some knowledge of clinical Al, and the actual use of AI was only 20%.%*

Second, Chinese medical students show a higher willingness and enthusiasm to participate in Al education. Research
indicates that Chinese graduate students and male students are more inclined to integrate Al tools into their future
learning and teaching activities.”® In contrast, while medical students in other countries are optimistic about the potential
of Al in radiology, they are less concerned about Al replacing human radiologists and remain cautious about its practical
applications.?

Finally, China also exhibits unique needs and challenges in the field of radiology Al education. Despite the positive
attitude of Chinese radiologists towards Al-assisted medical imaging, more than half of the doctors still lack the
necessary training.”® In contrast, while there is widespread interest and enthusiasm for Al in radiology education in
other countries, trust and utilization of Al platforms need to be enhanced, particularly in user feedback systems and
design.®?’

To sum up, there are significant differences between Chinese medical students and other countries in terms of Al
attitude and radiology Al education. This difference not only reflects the uniqueness of China in the field of Al education,
but also reveals the necessity of promoting Al education and application on a global scale.

Technological Advances in Al for Medical Physiology Education

Machine Learning Algorithms in Physiology Simulations
Machine learning algorithms are making significant inroads in physiology simulations, offering new perspectives on
understanding physiological processes and disease mechanisms. In a study comparing a deep learning algorithm to
human gradings for detecting glaucoma on fundus photographs, the machine-to-machine (M2M) deep learning algorithm
had a significantly stronger absolute correlation with standard automated perimetry global indices than human graders.?®
The partial AUC for the M2M DL algorithm was also significantly higher, indicating its potential to replace human
graders in population screening for glaucoma.

In another study, discrete multiphysics and reinforcement learning were combined to develop an in-silico model of
human physiology, specifically focusing on the activity of the autonomic nervous system.?’ Using the case of peristalsis
in the oesophagus as a benchmark, the model effectively learned how to propel the bolus, demonstrating the power of

combining first-principles modelling and machine learning in simulating physiological processes.
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Moreover. Machine learning algorithms have increasingly become integral to the field of physiology simulations,
offering innovative approaches to model complex biological systems. These algorithms provide the capability to analyze
vast datasets, identify patterns, and make predictions that can enhance our understanding of physiological processes. The
integration of machine learning with traditional physiology simulations has opened new avenues for research and clinical
applications, allowing for more precise and personalized healthcare solutions.

One of the key areas where machine learning has shown promise is in the optimization of predictive models in
perioperative medicine. Machine learning algorithms, such as decision trees and support vector machines, have been
employed to improve the prediction of outcomes in perioperative settings. These models are compared with traditional
statistical methods to assess their predictive performance. While machine learning models often show enhanced
predictive capabilities, the clinical significance of these improvements remains a topic of discussion. The complexity
and opacity of some machine learning models can pose challenges in clinical settings, where interpretability and
transparency are crucial for decision-making.*°

In the realm of laboratory medicine, machine learning algorithms are being developed to increase diagnostic accuracy
and streamline operations. However, there is a growing awareness of the potential for these models to perpetuate or even
amplify existing healthcare disparities if they learn from biased data. Efforts are being made to develop fair machine
learning algorithms that mitigate these biases and promote equity in healthcare outcomes. This involves understanding
what constitutes an unfair model and applying engineering principles to ensure fairness in algorithm development.®'

Furthermore, the application of machine learning in mobile health (mHealth) for chronic disease management, such as
asthma, demonstrates the potential of these algorithms to provide personalized feedback and improve patient outcomes.
Machine learning techniques, including both supervised and unsupervised learning, have been utilized to analyze data
from various devices like smartphones and smart inhalers. Despite the promising results, many studies face limitations
due to small sample sizes and lack of external validation, which can hinder the generalizability of the findings. Future
research is needed to address these challenges and validate the algorithms in real-world settings.**

Overall, the integration of machine learning algorithms in physiology simulations holds significant potential for
advancing medical research and clinical practice. However, it is essential to address the challenges of model interpret-
ability, fairness, and validation to fully realize the benefits of these technologies in healthcare.

Al-Driven Virtual Reality and Augmented Reality in Physiology Education

Virtual reality (VR) and augmented reality (AR) applications are transforming medical physiology education by
providing immersive and interactive learning experiences. In the field of congenital heart disease, advanced visualization
techniques such as VR, AR, and 3D printing are being used to improve the understanding of complex morphologies.*?
These technologies can help students and medical professionals better visualize the anatomical structures and physiolo-
gical functions involved in the disease.

A review of VR, AR, and mixed reality (MR) applications in surgical simulation found that they can increase the
fidelity, level of immersion, and overall experience of surgical simulators.*®> For example, in maxillofacial surgery and
neurosurgery, these technologies can provide more realistic training environments, allowing surgeons-in-training to
practice complex procedures in a risk-free setting.

The integration of Al-driven virtual reality (VR) and augmented reality (AR) technologies in physiology education
represents a significant advancement in medical training. These technologies offer immersive and interactive learning
experiences that can enhance student engagement and facilitate the understanding of complex physiological concepts.
The use of VR and AR in medical education is becoming increasingly prevalent, as they provide alternative methods to
traditional teaching that can be particularly beneficial in disciplines such as physiology and anatomy.

A systematic review and meta-analysis have evaluated the impact of VR and AR on knowledge acquisition for
students studying preclinical physiology and anatomy. The findings suggest that while there is no significant difference in
knowledge scores when comparing VR and AR to traditional teaching methods, these technologies remain viable
alternatives for education in health sciences and medical courses.’® This indicates that while VR and AR may not
drastically improve test performance, they offer unique educational benefits that can complement traditional methods.
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Moreover, the adoption of AR in medical education has been explored in various studies, highlighting its potential to
create a highly stimulating learning environment. AR allows for the integration of digitally generated three-dimensional
representations with real-world stimuli, which can simplify the delivery and enhance the comprehension of complex
information. This is particularly relevant in the context of remote learning and interactive simulations, which have
become more prominent due to the COVID-19 pandemic.® The ability of AR to improve knowledge and understanding,
practical skills, and social skills among medical students underscores its value as an educational tool.

In addition to these benefits, the use of VR and AR in medical education faces certain challenges, especially in
resource-limited settings. Barriers such as infrastructure limitations, high costs, and lack of localized content can hinder
the widespread adoption of these technologies. However, potential solutions, including cost-sharing models and teacher
professional development, have been proposed to overcome these obstacles. By addressing these challenges, educators
and policymakers can maximize the impact of immersive technologies in global education.*®

Overall, Al-driven VR and AR technologies hold immense potential to transform physiology education by providing
immersive and interactive learning experiences. While challenges remain, the continued exploration and integration of
these technologies in medical education can lead to significant advancements in teaching and learning outcomes.

Al-Driven Personalized Learning Systems

Al-driven personalized learning systems are tailored to meet the individual needs of students in medical physiology
education. In an e-learning context for K-12 students, a personalized recommender system was proposed, which consists
of four stages: student profiling, material collection, material filtering, and validation.>” This system aims to recommend
materials that match the students’ learning styles and abilities, enhancing their learning experience.

In healthcare, blockchain-based federated learning has been proposed for categorizing healthcare monitoring
devices.*® This approach can ensure data privacy while enabling the categorization of Al-of-Medical-Things (AIoMT)
devices, which is crucial for personalized healthcare and medical education related to device-based physiological
monitoring.

Technological advances in Al, including machine learning algorithms, VR and AR applications, and Al-driven
personalized learning systems, offer great potential for enhancing medical physiology education. These technologies
can improve the accuracy of physiological simulations, provide immersive learning experiences, and personalize
education to meet the diverse needs of students. However, challenges such as data privacy in federated learning and
the need for further validation of VR and AR in real-world medical education settings need to be addressed.

Artificial Intelligence (Al)-driven personalized learning systems are revolutionizing the educational landscape by
offering tailored educational experiences that adapt to individual learning styles, preferences, and paces. These systems
leverage advanced algorithms to analyze data from learners’ interactions, providing insights that help in customizing
educational content and strategies. The integration of Al in education is not only enhancing learning outcomes but also
addressing diverse educational needs, making learning more inclusive and effective.

One of the significant applications of Al in education is through adaptive learning systems, which are designed to
adjust the difficulty and type of content based on the learner’s performance and engagement levels. This approach is
particularly beneficial in fields such as rehabilitation science education, where Al-driven adaptive learning systems can
enhance multimodal case-based learning. By synthesizing the applications of Al models, educators and policymakers can
effectively incorporate Al into educational curricula, thereby improving the quality of education and training in
healthcare and other domains.*

Moreover, Al optimization algorithms are playing a crucial role in higher education management and personalized
teaching. These algorithms help solve complex educational management problems and enable personalized learning
experiences. Empirical studies have shown significant improvements in student learning outcomes, engagement, and
satisfaction when using Al-driven personalized teaching compared to traditional methods. However, challenges such as
data privacy, algorithmic bias, and the need for human-Al interaction remain critical areas that need addressing to fully
realize the potential of Al in education.*’

In addition to these advancements, Al-driven personalized medicine is transforming clinical practice in fields such as
inflammatory bowel disease (IBD). Al enables standardized, accurate, and timely disease assessment and outcome
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prediction, which are crucial for personalized treatment strategies. The integration of multi-OMICs data enhances patient
profiling and management, demonstrating the potential of Al to refine risk stratification and improve therapeutic
precision. This paradigm shift towards Al-enabled personalized interventions highlights the broader applicability of Al-
driven personalized systems beyond education, into healthcare and other sectors.*'

In conclusion, Al-driven personalized learning systems are at the forefront of transforming educational and clinical
practices by providing tailored experiences that cater to individual needs. While the benefits are substantial, ongoing
research and development are essential to overcome existing challenges and ensure ethical and effective implementation
of these technologies across various domains.

Large Language Models in Medical Physiology Education: Opportunities, Challenges,

and Ethical Considerations

In recent years, the application of large language models (LLMs)in medical education has attracted wide attention,
especially in the field of physiology education. These models have brought profound changes to medical education
through their powerful text processing and generation capabilities.

First, the application of Large Language Models (LLMs)in medical education can significantly enhance teaching
quality and the design of personalized learning paths. By offering an interactive learning environment, LLMs can help
students better grasp complex physiological concepts and foster critical thinking.*? Furthermore, the use of LLMs in
medical education can optimize the teaching evaluation process, improve the efficiency of medical research, and support
continuing medical education.'?

However, the use of LLMs also presents several challenges. For example, issues with information accuracy, over-
reliance on technology, a lack of emotional recognition, and concerns about ethics, privacy, and data security.*> To
maximize the potential of LLMs and address these challenges, educators need to demonstrate leadership in medical
education, adapt teaching strategies flexibly, foster students and 039; critical thinking, and emphasize the importance of
practical experience.*

Furthermore, the application of LLMs in physiological education must also address potential biases and ethical
concerns that may arise during content generation. To ensure the responsible and safe use of LLMs in medical education,
it is recommended to develop a unified ethical framework tailored specifically for this field.** This framework should be
grounded in eight core principles: quality control and oversight mechanisms, privacy and data protection, transparency
and explainability, fairness and equal treatment, academic integrity and ethical standards, accountability and traceability,
protection and respect for intellectual property, and the promotion of educational research and innovation.*?

In summary, the application of Large Language Models (LLMs)in medical education offers a promising opportunity
to enhance the learning experience.'> However, ensuring the accuracy of information, emphasizing skill development,
and maintaining ethical standards are essential. Continuous critical evaluation and interdisciplinary collaboration are
crucial for the appropriate integration of LLMs into medical education.'> Through these efforts, LLMs can advance
medical education while upholding principles of fairness, justice, and patient safety,** thereby creating a more equitable,
safer, and more efficient medical education environment.

Challenges and Controversies in Al Integration

Data Privacy Concerns in Al Applications

Data privacy is a major concern in Al applications within medical physiology education. In the era of Al in healthcare,
protecting patient safety and privacy is crucial.** Issues such as patient privacy and confidentiality, protection of patient
autonomy and informed consent, and the potential propagation of health care disparities need to be addressed.

In the context of ubiquitous health, a trust information-based privacy architecture has been proposed to help data
subjects manage information privacy in an open and unsecure information space.*’ This architecture enables the data
subject to define service- and system-specific rules for data processing, providing reliable trust information and
protection against privacy threats.
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In China’s medical education, the application of artificial intelligence (Al) is becoming increasingly widespread.
However, the data security challenges that come with it cannot be overlooked. The use of Al in medical education
assessment poses a threat to academic integrity. Al chatbots may be misused for cheating, leading some institutions to
implement internet restrictions.*® To address this issue, five strategies have been proposed: on-site proctoring, online
proctoring, clear expectations and consequences, building an integrity-focused institutional culture, and reducing exam
pressure. However, these strategies have their limitations, and there may be a need to consider formulating relevant
regulations, fostering collaboration between medical educators and Al developers, and rethinking medical education
more broadly.*®

Moreover, the application of Al in medical data management faces challenges related to data integrity, accuracy,
consistency, and precision. In the context of China’s medical information data management, a medical metadata
governance framework has been proposed to achieve scientific governance of clinical data and ensure information
privacy and security.*” This framework integrates metadata and master data management, aiming to guide the identifica-
tion, cleaning, mining, and deep application of electronic medical record (EMR) data, thereby addressing the bottlenecks
in current medical scenarios and supporting more effective clinical research and data-driven decision-making.*’

To sum up, the application of Al in medical education and medical informatization in China has great potential, but it
also brings challenges to data security and academic integrity. By formulating appropriate governance frameworks and
strategies, we can make full use of the advantages of Al technology while ensuring data security and academic integrity.

Balancing Traditional and Al-Based Teaching Methods

Balancing traditional and Al-based teaching methods is essential for effective medical physiology education. A review of
innovative teaching methods in radiology education highlighted the need to add new methods, such as audience response
technology, long-distance teaching, the flipped classroom, and active learning, to the traditional lecture-type teaching
format.*®

In a comparison of traditional and interactive teaching methods in an emergency department, while both methods
showed no significant difference in post-tutorial knowledge, students in the interactive multimedia-based tutorial group
had a slightly lower satisfaction rate (89% vs 100% in the lecture group).*” This indicates that while Al-based interactive
methods have potential, traditional methods still hold value, and a balance between the two is needed.

The challenges and controversies in Al integration in medical physiology education, including ethical considerations,
data privacy concerns, and the need to balance traditional and Al-based teaching methods, must be addressed. Ethical
frameworks need to be developed and implemented, data privacy protection mechanisms must be strengthened, and
a thoughtful approach to combining traditional and new teaching methods is required to ensure the sustainable and
effective integration of Al in medical education.

China’s’ master-apprentice teaching’ is a unique educational model, especially in the field of traditional Chinese
medicine (TCM). This model passes on rich clinical experience and knowledge to the next generation through a master-
apprentice tradition. However, with the rapid advancement of artificial intelligence (AI) technology, how to effectively
integrate Al tools into this traditional teaching model has become a topic worthy of in-depth discussion.

In some traditional Chinese medicine hospitals, efforts are underway to transform the rich clinical experience of
senior professors into an Al knowledge base. This process not only digitizes traditional practices but also innovates
teaching methods. By leveraging Al technology, young teachers can more intuitively understand the diagnostic and
decision-making processes of their senior colleagues, thereby enhancing both teaching efficiency and quality. This
integration not only helps preserve and pass on the valuable experience of traditional Chinese medicine but also aids
young teachers in better understanding and applying this knowledge with AI support.>

Furthermore, the application of Al in traditional Chinese medicine (TCM) education can leverage machine learning
and deep learning technologies to analyze vast amounts of clinical data. This aids teachers and students in better
understanding the complex theories and diagnostic methods of TCM. For instance, Al-assisted tongue diagnosis, pulse
diagnosis, and syndrome identification can provide more objective and standardized references for teaching, thereby
enhancing the scientific rigor and accuracy of the educational process.””
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In short, integrating Al tools into the unique “mastering system teaching” in China is not only a reform of the
traditional teaching mode, but also an important attempt to modernize TCM education. This integration is expected to
bring more possibilities and innovation space for TCM teaching in the future.

Future Prospects of Al in China’s Medical Physiology Education

Potential Innovations in Al Educational Tools

The future of Al in medical physiology education holds great potential for innovation. In the field of neurosurgery, Al has
the potential to be used as a diagnostic, predictive, intraoperative, or educational tool.>' For example, Al-powered
systems can provide real-time feedback to surgeons, enhancing precision and reducing the risk of complications during
surgical procedures.

In endodontic education, Al chatbots can offer personalized learning, interactive training, and clinical decision
support.® However, challenges such as technical limitations, ethical considerations, and the potential for misinformation
need to be addressed. Despite these challenges, the development of such Al-based educational tools can revolutionize the
way medical students learn complex physiological and clinical concepts.

Long-Term Impacts on Medical Training and Healthcare Delivery

The long-term impacts of Al on medical training and healthcare delivery are expected to be significant. In medical
training, Al can potentially shape future health professions students by providing them with new learning opportunities
and experiences.’” For example, a medical scribe fellowship program was found to be feasible and cost-effective, and it
could potentially help students gain skills and better position themselves for professional schooling.

In healthcare delivery, immersive technologies such as VR and AR are expected to enhance patient care and medical
training.>® These technologies can provide immersive and interactive environments for learning and practice, improving
the skills and knowledge of medical professionals and ultimately leading to better patient outcomes.

The future prospects of Al in China’s medical physiology education are promising, with potential innovations in
educational tools, the development of policy and regulatory frameworks, and significant long-term impacts on medical
training and healthcare delivery. However, to fully realize these prospects, continuous efforts are needed to address the
associated challenges, ensure ethical and regulatory compliance, and promote the effective integration of Al in the
medical education and healthcare ecosystem.

China’s Al Medical Education Policies and Practical Approaches

In China, with the rapid advancement of generative artificial intelligence (GAI), medical education is facing unprece-
dented opportunities and challenges. To effectively integrate GAI into medical education, it is crucial to develop relevant
policies and practical approaches. First, medical educational institutions must establish appropriate policies to ensure that
the use of GAI complies with ethical standards and protects the data security of both institutions and patients. These
policies should not only provide clear guidance on the proper use of Al in education but also encourage students to
participate as co-inventors of local innovations.>*

Secondly, establishing a GAI governance mechanism is essential for guiding the ethical and fair use of GAI. Through
this mechanism, educational institutions can establish guidelines to ensure that the use of GAI is not only technologically
advanced but also socially responsible. Additionally, to ensure the safety of GAI experiments for teachers and students, it
is essential to provide the necessary tools and training. This will help define the skill requirements for students and
teachers in GAI and ensure their competitiveness in the rapidly evolving medical landscape.>*

Finally, the design of GAl-related courses should emphasize their impact in clinical settings. Educational institutions
should continuously update the expected competencies of medical students to align with the latest advancements in GAI
education and prepare them for a career that is continually evolving due to GAI. By sharing best practices and collecting
data to assess the impact of GAI education, the medical education community can collaborate to ensure the effective
integration of GAI into medical education.>*
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Epidemiological and Pathological Insights Through Al in Physiology

Al in Understanding Disease Mechanisms in Physiology

Al is playing an increasingly important role in understanding disease mechanisms in physiology. By integrating
proteomics of liquid biopsies with single-cell transcriptomics, researchers have been able to trace the cellular origin of
proteins in the aqueous humor, leading to new insights into eye aging and disease mechanisms.’> This approach can
potentially transform molecular diagnostics and prognostics in ophthalmology.

In the study of gene regulatory networks, a novel algorithm called Dandelion has been developed to construct and
train interspecies Bayesian networks.’® This algorithm can identify key components of disease networks, providing
crucial information on regulatory relationships among genes and leading to a better understanding of disease molecular
mechanisms, such as in oculopharyngeal muscular dystrophy.

Al Contributions to Epidemiological Studies in China

In China, Al is making significant contributions to epidemiological studies. For example, in the study of brucellosis, the
isolation and identification of a novel Brucella abortus biovar 4 strain from yak in Tibet was reported.”” This finding,
which was aided by various molecular techniques, can help improve the diagnosis and epidemiological understanding of
brucellosis in the region.

In the analysis of spatial delays of tuberculosis in Eastern China, spatial-temporal scan statistics and other methods
were used to identify clusters of long-term patient and diagnostic delays.”® This type of analysis, which could potentially
be enhanced with Al-based data analytics, can help in formulating targeted public health strategies to address tubercu-
losis in the region.

Enhancing Diagnostic Techniques Through Al in Physiology Education

Al is enhancing diagnostic techniques in physiology education. In the field of radiology, Al-assisted CT diagnostic
technology for the classification of pulmonary nodules has shown good diagnostic performance, with a pooled sensitivity
of 0.90 and specificity of 0.89.>° However, its specificity needs to be further improved.

In medical education, the integration of Al into biomedical science curricula is crucial to prepare future healthcare
workers.®® For example, teaching students about Al-related informatics, data sciences, and digital health can enhance
their understanding of how Al can be used to improve diagnostic techniques in physiology and other medical fields.

Al is providing valuable insights into disease mechanisms, contributing to epidemiological studies in China, and
enhancing diagnostic techniques in physiology education. However, there is still room for improvement, such as
improving the specificity of diagnostic technologies and further integrating Al into medical curricula. Continued research
and development in these areas will be essential for leveraging Al to improve medical understanding, diagnosis, and
ultimately patient care.

Conclusion
This review aimed to explore the integration of artificial intelligence (Al) into China’s medical physiology education,
examining its pedagogical practices, systemic challenges, and transformative potential. Key findings reveal that Al-driven
tools—including machine learning for physiological simulations, immersive VR/AR platforms, and personalized learning
systems—significantly enhance diagnostic accuracy, student engagement, and adaptive training outcomes. However,
challenges such as algorithmic bias, data privacy risks, and resource disparities between urban and rural institutions,
alongside tensions between Al efficiency and humanistic pedagogy, remain critical barriers to widespread adoption.
These insights underscore the need for a balanced approach to Al integration: one that leverages technological
innovation while preserving core educational values. Future efforts should prioritize the development of robust ethical
frameworks to ensure transparency and equity, equitable resource distribution to bridge regional gaps, and interdisci-
plinary collaboration among educators, policymakers, and technologists. By harmonizing Al capabilities with pedago-
gical integrity, Chinese medical physiology education can cultivate a new generation of clinicians equipped with both
technical proficiency and ethical discernment, ultimately advancing healthcare quality and accessibility (Table 1).
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Table | Framework Synthesis of Al Integration in China’s Medical Physiology Education

Key Aspect

Main Content/Framework Summary

Research Theme

Exploration of Al integration in China’s medical physiology education, focusing on pedagogical practices, systemic

challenges, and transformative potential.

Scope of Study

- Learner Groups: Undergraduate medical students, allied health science students (nursing, radiology), and
Traditional Chinese Medicine (TCM) practitioners undergoing modernized training.
- Physiological Domains: Cardiovascular, respiratory, neurophysiological, and endocrine systems aligned with

national standards.

Traditional Teaching
Methods

Structured, multi-modal framework: formal lectures (standardized knowledge delivery), small-group tutorials
(interactive discussion), instructor-guided lab experiments (hands-on training), and self-directed learning (textbook-
based consolidation). Challenges include limited adaptability to learner diversity and emerging demands (eg, Al

integration).

Al Application Types

- Generative Al: Large language models (LLMs, eg, ChatGPT-4) for dynamic question generation and case-based
learning.
- Machine Learning (ML): Algorithms (deep learning, reinforcement learning) for physiological simulations and

adaptive learning platforms.

Current State &
Challenges

- Tools & Platforms: LLMs enhance interactivity but risk compromising assessment integrity (eg, 38% of students
use LLMs for tasks).

- Case Studies: Policy-supported pilot projects (eg, “Al + Physiology Education” virtual simulations) address urban-
rural resource gaps.

- Stakeholder Perceptions: Students/faculty show positive attitudes but face knowledge gaps and limited Al
courses.

- Global Comparison: Chinese students exhibit higher Al awareness and willingness to integrate Al than peers in

other countries.

Technological

- ML in Simulations: Deep learning models (eg, M2M algorithms) improve disease mechanism understanding; hybrid

Controversies

Advances models (discrete multiphysics + reinforcement learning) simulate autonomic nervous system activity.
- VR/AR Applications: Immersive tools enhance visualization of complex anatomies (eg, congenital heart disease)
and surgical training.
- Personalized Learning Systems: Al-driven adaptive platforms tailor content to individual progress; blockchain-
based federated learning ensures data privacy.

Challenges & - Data Privacy: Risks in educational/clinical data management; need for ethical governance (transparency, bias

mitigation).

- Balancing Traditional & Al Methods: Tensions between Al efficiency and humanistic pedagogy (eg, TCM
master-apprentice models).

- Academic Integrity: Over-reliance on LLMs risks superficial learning; need for adaptive assessments (oral

defenses, practical tasks).

Future Prospects

- Innovative Tools: Al-powered diagnostic/predictive tools (eg, neurosurgery, endodontics) and immersive
technologies (VR/AR) to enhance training.

- Policy & Governance: Development of ethical frameworks, equitable resource distribution, and faculty Al literacy
programs.

- Long-Term Impact: Cultivation of clinicians with technical proficiency and ethical discernment, advancing

healthcare quality and accessibility.
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