The Role and Value of Generative Al in Medical
Education and Training

Zhenchao Tao?, lain Philip Werry?, Zhiwei Zeng®, Yuan Miao*

'University of Science and Technology of China, China
*Joint NTU-WeBank Research Centre on Fintech, Singapore
Nanyang Technological University, Singapore
"Victoria University, Australia

Introduction

Medical education and training are crucial for improving the quality of healthcare services,
fostering medical research and innovation, and addressing public health challenges. However, they face
challenges such as uneven resource distribution, outdated curriculums, insufficient practical
opportunities, and a lack of technological adaptability. Generative Al technologies, such as natural
language processing and image recognition, are gradually being introduced into the field of medical
education, offering personalized learning paths, simulating clinical cases, and providing real-time
assessments and instantaneous feedback. These technologies can help to enhance education efficiency,
bridge resource disparities, and assist medical students and practitioners in seamlessly adapting to the
rapidly evolving landscape of medical technology. However, as the application of generative Al in
medical education becomes increasingly widespread, its associated challenges and potential for future
development are also garnering more attention. This article delves into the role and value of generative
Al in medical education and training, analyzes the challenges it faces, and anticipates its future
development trends in the medical field, emphasizing the importance of continued research and
development of Al technology. Through a comprehensive review, we can better understand how
generative Al is shaping the future of medical education and providing new approaches for training

healthcare professionals.

1.Fundamental Principles of Generative Al

Generative Al, as exemplified by technologies such as ChatGPT and DALL-E, represents a
significant advancement in the field of artificial intelligence. These systems utilize deep learning
techniques, notably transformer models, to generate new, original content. ChatGPT, for instance, is a
language-based model that has been pretrained on a vast array of textual data. This extensive training

enables it to comprehend, interpret, and generate text that is contextually relevant and stylistically



coherent. It can engage in a variety of tasks, from conducting conversations in natural language to
generating complex written content™, demonstrating its versatility in areas like automated customer
support, creative writing, and even coding. On the other hand, DALL-E represents a leap in Al's
capability to understand and generate visual content. Trained on a substantial number of image-text
pairs, DALL-E can interpret textual descriptions and translate them into accurate and often creative
visual representations. This capability opens up avenues in fields such as digital art creation, graphic
design, and visual communication, where it can generate a range of images from simple illustrations to
complex compositions based on textual prompts(?],

Central to the operation of these generative Al models are their billions, or even trillions, of
parameters, fine-tuned during the training process to better emulate human language comprehension
and visual perception. The capability of generative Al models to produce novel and varied outputs
without explicit answers, such as writing articles, creating artwork, or designing new products,
demonstrates their vast potential across various fields. However, they still face challenges in
maintaining the quality of generated content, raising questions over the ethical appropriateness of the
content, and an ability to address data biases. Additionally, the high energy consumption and
computational resource demands associated with large-scale training and inference are among the
current issues that need to be addressed. As the technology continues to evolve and improve, generative
Al is expected to play a significant role in numerous fields such as medical education, while also

prompting a deeper exploration into its ethical and societal implications.

2.Application of Generative Al in Medical Education

2.1 Personalized Learning

In the realm of medical education, generative Al significantly enhances the effectiveness and
efficiency of learning through precise personalization and comprehensive interactive support. It not
only transforms the presentation of teaching materials and the pace of learning, but also revolutionizes
the students' learning experience, making it more proactive, efficient, and targeted. The way Al tailors
learning to individual needs and preferences has fundamentally changed the educational landscape,
offering a more dynamic and engaging approach to medical educationt®*l,

The application of generative Al offers revolutionary support for personalized learning by
conducting in-depth analysis of students' learning behaviors, progress, and comprehension. It not only
tracks students' learning trajectories, analyzing patterns of success and errors, but also tailors the depth
and breadth of course content based on a students' abilities and preferences. This means that more
complex topics can be broken down into more digestible segments, while content that students have
already mastered can be quickly progressed through, allowing each individual to learn at their own
comfortable pace, thus ensuring both coherence and personalization in learning. Furthermore, by
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utilizing technologies such as natural language processing and pattern recognition, generative Al can
understand a students' queries and responses, providing customized explanations, prompts, and
resources. This interactivity not only makes the learning process more engaging but also helps students
develop critical thinking and problem-solving skills. Al systems can identify a students' learning
styles—be it visual, auditory, or kinesthetic—and accordingly provide the most suitable learning
materials, whether they are videos, diagrams, texts, or interactive simulations. Further, generative Al
can simulate real medical scenarios and patient interactions, offering virtual diagnosis and treatment
exercises. These simulations not only deepen the students' understanding of theoretical knowledge, but
also provide a safe environment for making mistakes and learning, without the risks associated with
real patients. The Al system also provides immediate feedback based on a students' performance,
helping them identify and improve their weaknesses, and thereby promoting continuous learning and
skill enhancement.

As technology continually progresses and optimizes, the application of generative Al in medical
education is expected to expand further, providing stronger and more flexible support for training the
next generation of medical professionals.

2.2 Simulated Case Studies

In medical education, the application of simulated case studies is a significant advancement in
the field of generative Al, greatly enhancing students' diagnostic and therapeutic abilities by creating
virtual clinical environmentst®. Advanced Al technologies are capable of generating highly detailed
and varied virtual cases, including those that are exceedingly rare or particularly complex in real life,
allowing students to practice various clinical skills in a safe and risk-free environment. These simulated
cases cover the entire process of medical diagnosis and treatment, from symptom recognition and
medical history collection to laboratory testing, radiological analysis, and even psychosocial
assessment of patients, providing a comprehensive and integrated platform for clinical training.

Students can engage with these virtual cases to perform detailed diagnostic reasoning and
develop treatment plans. They must consider various factors such as patient history, symptom
presentation, and test results to make optimal clinical decisions. The Al system provides immediate
feedback on each decision, guiding students to understand the impact of their choices and illustrating
how different treatment options might lead to varied outcomes. This not only allows students to see the
direct effects of their decisions on patient treatment but also enables them to learn how to optimize
decision-making processes in different scenarios. Furthermore, by tracking the progress of virtual
patients over time, Al can simulate and demonstrate the long-term impacts of treatment decisions on
patient health, thereby deepening students' understanding and enhancing their comprehensive treatment
capabilities.

Another significant feature of Al-driven simulated case studies is their high flexibility and
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repeatability. Students can repeatedly practice the same case or explore new ones based on their
learning pace and needs. This approach not only allows for personalized learning but also ensures that
all students can gain ample practical experience, unaffected by the resource limitations of real clinical
environments. In this way, generative Al not only enhances the efficiency and quality of medical
education but also provides students with an immersive and interactive learning environment, greatly
improving their readiness and confidence for clinical practice. In summary, through simulated case
studies, the application of generative Al in medical education offers robust support for the cultivation
of high-quality, skilled medical professionals, significantly enhancing their preparedness for the real-
world medical challenges of the future.

2.3 Real-Time Feedback and Assessment

In medical education, Al's real-time feedback and assessment capabilities are revolutionizing
traditional educational evaluation models with their efficiency and precision®. By continuously
monitoring and analyzing every student interaction, assignment, or exam response, Al can provide
instant feedback that is customized to each student's performance. This technology can accurately
identify specific difficulties students face in understanding particular medical knowledge, clinical skills,
or procedures, and provide timely professional guidance and suggestions for improvement. For instance,
during virtual surgical training or diagnostic simulations, Al can record every step taken, analyze the
accuracy, efficiency, and safety of those steps, and then offer concrete suggestions for enhancement.

Furthermore, Al systems deeply analyze students' learning habits, answer patterns, and thought
processes, allowing them not only to determine the correctness of responses but also to understand the
students' reasoning and strategies. This enables Al to provide more nuanced and in-depth guidance,
helping students not just to correct their mistakes but to optimize their learning and problem-solving
methods, fostering critical thinking and the ability to independently tackle challenges.

Additionally, Al systems can perform long-term tracking of student performance, collecting and
analyzing vast amounts of data to create detailed learning profiles. These profiles include students'
grades and progress trajectories, as well as their learning habits, strengths, and weaknesses. This is an
invaluable resource for teachers as it helps them understand each student's specific situation, allowing
for more targeted adjustment of teaching content and methods and the design of more effective teaching
plans and interventions.

In this way, Al's real-time feedback and assessment significantly enhances the quality and
efficiency of education, providing a more personalized and engaging learning environment. Students
receive continuous support and guidance tailored to their pace and needs, encouraging more proactive
and involved learning, while teachers are more effectively able to help each student reach their full
potential. This data-driven, highly personalized approach to teaching is undoubtedly set to continue
driving innovation and progress in medical education, cultivating more professionals capable of
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meeting future medical challenges.

3.The Value and Advantages of Generative Al in Medical Education

3.1 Enhancing Accessibility and Efficiency

Al technology plays a revolutionary role in enhancing the accessibility and efficiency of
medical educationl. Through Al-driven educational platforms such as online courses, virtual labs, and
simulated cases, it globalizes high-quality medical education resources, breaking down geographic and
economic barriers. This means that students and healthcare professionals worldwide, regardless of the
resources available in their communities, can access the latest and most advanced medical knowledge
and training. This not only offers learning and advancement opportunities for medical personnel in
remote areas but also contributes to improving the overall level of global healthcare services.

In terms of personalized learning, Al tailors individual learning plans and resources by
analyzing students' behaviors, preferences, and performance. This means that the content, difficulty,
and pace of learning are all adjusted to meet the specific needs of each student, ensuring that everyone
can learn in the most suitable way for them, thereby enhancing learning efficiency and outcomes.
Personalized feedback and guidance are also integral parts of how Al enhances efficiency, helping
students identify and address their weaknesses and bolster their knowledge and skills.

Moreover, the automation of educational processes through Al significantly reduces the burden
on teachers, freeing them from the heavy workload of grading and basic instructional tasks to focus on
higher-level educational duties such as curriculum design, student mentoring, and research. Automated
grading of assignments and tests not only saves considerable time but also provides more objective and
consistent evaluations. Additionally, Al can automatically record and analyze students' learning data,
providing teachers with valuable insights to better understand students' progress and needs, leading to
more effective teaching decisions.

Through these means, Al technology not only improves the accessibility and efficiency of
medical education but also enhances the quality and experience of learning. It makes medical education
more personalized, flexible, and efficient, holding immeasurable value for training the next generation
of healthcare professionals and improving the quality of global healthcare services. As the technology
continues to progress and innovate, we can anticipate an increasingly significant role for Al in medical
education, bringing profound and lasting changes.

3.2 Facilitating Continuous Learning and Updating

Al technology significantly fosters continuous learning and knowledge progression among
medical professionals by offering real-time information updates, simulated training, and personalized
learning experiences®l. This not only helps healthcare workers maintain the modernity of their
professional knowledge and skills, enhancing their vocational competencies, but also supports the
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provision of higher-quality medical services, ultimately benefiting society and patient populations at
large.

Facilitating continuous learning and updating is a key aspect of Al's application in medical
education, especially vital in the field of medicine where knowledge and technology are constantly
advancing. Medical professionals are required to engage in continual learning to keep their skills and
knowledge up to date. Al technology promotes this process in various ways, thereby improving the
overall standard of healthcare services.

Firstly, Al systems can monitor and analyze the latest research, discoveries, and trends in the
medical field in real-time. Through big data analytics and machine learning techniques, Al can extract
key information from an extensive array of medical literature, research reports, and clinical trials. It
then customizes and recommends the most relevant and significant content based on the professional
field and interests of healthcare workers. This not only saves time for medical professionals in
searching and filtering information but also ensures they can quickly access and absorb new knowledge,
maintaining the cutting-edge nature of their expertise.

Secondly, Al technology provides a practical and efficient platform for continuous education
through simulation and virtual case studies. Medical professionals can utilize these tools for virtual
diagnosis, treatment, and surgical operations practice. These simulated cases can realistically reproduce
real clinical scenarios, including rare or particularly complex cases. Such training helps medical
professionals consolidate and deepen their existing knowledge and skills and allows them to safely
experiment and learn new treatment methods and techniques without risking real patients.

Additionally, Al can offer personalized learning paths and progress tracking for medical
professionals. It analyzes individuals' learning histories, outcomes, and preferences to provide
customized learning plans, helping everyone learn in the most effective way. The Al system also
continuously tracks learning effects, offering feedback and suggestions to help medical professionals
identify and rectify any deficiencies in knowledge and skills, ensuring their professional competencies
continually improve.

As Al technology continues to advance and improve, its role in continuous medical education
and professional development is anticipated to become more significant and widespread.

3.3 Supporting Remote Education

Supporting remote education is a critical application of Al technology in the field of medical
education, significantly expanding the boundaries and possibilities of education[®l. Especially under
extraordinary circumstances like pandemics, when traditional face-to-face teaching is limited, Al-
powered online learning platforms and virtual labs ensure the continuity and quality of educational
activities. Students can access a wealth of teaching resources over the internet, including lecture videos,
interactive simulations, and virtual case studies. They can perform simulated surgical practices, case
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analyses, and diagnostic procedures from home, free from geographical and temporal constraints.

Al technology enriches and enlivens the remote learning experience. For instance, through real-
time video analysis Al can monitor students' learning behaviors and reactions, providing personalized
feedback and guidance. With Virtual Reality (VR) and Augmented Reality (AR) technologies, students
can immerse themselves in a virtual clinical environment for near-real surgical operations and clinical
diagnoses, significantly enhancing the effectiveness and appeal of remote learning through high
interactivity and immersive experiences.

Furthermore, Al aids teachers in managing and guiding remote learning more effectively. By
analyzing students' learning data, teachers can understand each student's progress, challenges, and
interests, allowing them to tailor the teaching content and strategies accordingly. Al can also automate
certain teaching tasks, such as homework grading and participation tracking, reducing the burden on
teachers and allowing them more time for research and individualized guidance.

Al technology supporting remote education not only provides medical students with a flexible,
efficient, and high-quality learning pathway but also offers educational institutions a resilient and
sustainable educational model. It allows educational activities to continue under various conditions,
unrestricted by physical facilities, enabling more people to access high-quality medical education. As
Al technology continues to evolve and innovate, its capability to support remote education will become

even more robust, making medical education more widespread, personalized, and efficient.

4.Challenges Faced by Generative Al in Medical Education:

4.1 Privacy Concerns

Ensuring data privacy has become a crucial and urgent challenge when using Al in medical
education®. This involves not only the personal identity information of students, such as names, ages,
and contact details, but also more sensitive medical data like case studies, diagnostic results, treatment
histories, and assessment feedback. These data are extremely important in the educational and training
process, yet if mishandled, they could lead to significant risks of privacy breaches and misuse.

To protect such sensitive data, stringent data protection measures must first be implemented.
This includes encrypting data during transmission and storage, utilizing secure data management
systems, and conducting regular security audits and vulnerability scans of the system. Additionally,
access to sensitive data should be strictly controlled, allowing only authorized individuals to access
relevant information and maintaining clear records and monitoring of their access behaviors.

Privacy policies are also a critical component of data protection. Providers of medical education
need to establish clear and transparent privacy policies that articulate how data is collected, used, stored,
and shared, as well as how students' privacy rights are protected. Furthermore, these policies should
comply with relevant laws and regulations, such as the General Data Protection Regulation (GDPR) of
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the European Union, ensuring that all data processing activities are conducted within the legal
framework.

Beyond technical and legal measures, education and training are also paramount. Students and
healthcare workers need to understand how their data is processed and how to protect their information
from being leaked or misused. Educational institutions and hospitals also need to train their staff to
ensure they understand and adhere to the best practices and policies for data protection.

In summary, safeguarding data privacy is a crucial aspect of applying Al in medical education.
It requires a comprehensive set of measures, including technological protection, legal compliance,
policy formulation, and personnel training. Only through these concerted efforts can the safety of
sensitive personal and medical data be ensured, providing a secure and trustworthy learning
environment for students and healthcare workers.

4.2 Ethical Issues

Ethical issues represent a critical aspect that must be addressed in the application of Al in
medical education, encompassing a wide range of areas including - but not limited to - bias, fairness,
and transparency[*l. Al systems typically rely on vast amounts of data for learning and decision-
making. If the data itself contains biases related to gender, race, or socioeconomic status, the Al system
may inadvertently learn and amplify these biases. In medical education, this might lead to unfair
treatment of certain groups, for example, bias in case analysis, diagnostic decision-making, or student
assessment. Therefore, careful selection and scrutiny of data are needed when developing and training
Al to ensure its representativeness and fairness, and de-biasing algorithms should be employed to
reduce biases. Moreover, when assessing and testing students, Al must maintain a high level of fairness.
Al systems should impartially evaluate each student's performance, uninfluenced by any external
factors. This means algorithms must be precisely designed to reflect students' actual abilities and
knowledge levels, not judgments based on irrelevant factors. Additionally, students' understanding and
acceptance of Al assessment are important; educational institutions must ensure students are aware of
the standards and processes of assessment and perceive it as fair. The application of Al in medical
education should also be transparent, allowing both students and teachers to understand the rationale
behind the decisions made by the Al. This includes transparent data handling, algorithmic decisions,
and results interpretations. Students and teachers should have access to information about how Al
functions, how it has been trained, and how it makes education-related decisions. Transparency not
only enhances the trustworthiness of Al systems but is also key to ensuring accountability and
continuous improvement.

To address these ethical issues, a clear ethical framework and guidelines are needed to guide the
development and application of Al in medical education. This includes establishing standards to ensure
data diversity and fairness, developing de-biasing algorithms, ensuring the fairness and accuracy of
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assessments, and enhancing system transparency. Additionally, ethical education for students and
teachers who use Al is necessary, making them aware of these issues and enabling them to use Al
technology responsibly. Through these efforts, the application of Al technology in medical education
can be both efficient and responsible, bringing maximum benefits to all involved.

4.3 Technical Limitations:

Despite the immense potential of Al technology in medical education, its limitations should not
be overlooked as they may contribute to the effectiveness and accuracy of Al in this field*?, These
limitations serve as a reminder of the necessity for continuous refinement and development of Al
applications to fully harness their potential in enhancing medical education.

The medical field is filled with complex situations and individual variability. The complexity of
cases, the diversity of diseases, and the uniqueness of individual patients require Al systems to process
and interpret highly complex data. However, current Al systems might struggle to fully comprehend
these complexities, especially in the absence of clear guidance or default answers. This limits Al's
ability to provide personalized learning experiences and handle intricate medical problems. Moreover,
medical education involves a significant amount of non-standardized data, including various medical
images, handwritten patient records, and free-text case descriptions. Interpreting these data requires a
high level of expertise and clinical experience. Al systems may face difficulties in handling such non-
standardized data, struggling to interpret or extract useful information accurately, thereby altering the
effectiveness of teaching and learning. Furthermore, most Al systems, especially deep learning models,
require extensive data for training and optimization. While there is an abundance of medical data, high-
quality, well-labeled data are often hard to obtain, particularly for rare diseases or special cases. The
privacy and sensitivity of medical data also limits the availability of data. These factors restrict the
speed and quality of Al system’s learning and progress. Additionally, decision-making in medical
education demands high transparency and explainability. However, some Al models, particularly deep
learning ones, are often considered "black boxes,” with their decision-making processes and logic
difficult to interpret. This lack of transparency and explainability may reduce trust in Al systems and
limit their application in educational decision-making!*®l. Lastly, as knowledge and technology in the
medical field continually advance, Al systems need to constantly update and evolve to keep up with the
latest developments. However, continuous updates to Al models require sustained resource investment,
including data collection, model training, and validation. These are time and resource-intensive
activities that might limit the pace and scale of Al's continual advancement.

Despite the potential of Al technology to bring innovation and improvement to medical
education, its limitations must be recognized and addressed. This calls for continuous technological
development, interdisciplinary cooperation, and a deep understanding of data, ethics, and educational
practices**l. By overcoming these challenges, the application of Al technology in medical education
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can be more effective, accurate, and responsible.

5.Future Trends and Potential of Generative Al in Medical Education

As technology continues to advance, it is anticipated that the application of Al in medical
education will become more widespread and profound, encompassing advanced simulated cases, more
personalized learning experiences, and more effective management of learning resources.

The field of medical education is expected to witness a fusion of technologies, interdisciplinary
collaborations, development of ethical and legal frameworks, and ongoing technological innovation and
improvement. Al will integrate with technologies such as VR and AR to create immersive learning
environments, offering practical opportunities for simulated surgeries and diagnoses while further
personalizing the learning experience through big data analytics™™). Interdisciplinary collaboration,
particularly between medicine, computer science, and cognitive science, will drive innovative
applications of Al in education, addressing complex medical education challenges. As Al's application
in medical education becomes more common, the corresponding ethical and legal frameworks will also
need to develop and improve, ensuring the effectiveness, transparency, and accountability of Al
applications. Simultaneously, Al technology itself will continue to evolve and improve, including
enhancing the accuracy of algorithms, strengthening the explainability of models, reducing reliance on
vast amounts of data, and improving the ability to handle complex situations, ensuring its application in
medical education is more efficient, precise, and responsible.

Despite the many challenges faced by Al in medical education, its potential for future
development is immense and is expected to significantly enhance the quality, efficiency, and
accessibility of medical education. As technology progresses and related policy frameworks are refined,

Al is set to play an increasingly important role in medical education.

6.Conclusion

The role and value of generative Al in medical education and training are significant, as it
greatly enhances the accessibility, efficiency, and quality of education through personalized learning,
simulated case studies, and real-time feedback and assessment. Al technology has made medical
resources more widespread, supported remote education, and promoted continuous learning and
knowledge updating among medical professionals. Furthermore, technological integration,
interdisciplinary collaboration, and the development of ethical and legal frameworks have further
propelled the application and innovation of Al in medical education.

However, the application of Al also brings with it many challenges such as data privacy, ethics,
and technical limitations. Therefore, continual research and development of Al technology in the
medical field are crucial. This includes improving the accuracy and explainability of Al algorithms,
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addressing issues of bias and fairness, strengthening data security and privacy measures, and
developing ethical and legal frameworks. Through ongoing technological innovation and improvement,
as well as cross-disciplinary collaboration and regulation, the potential of Al in medical education and
training can be fully realized. Al technology has not only transformed the landscape of medical
education but also provided new possibilities for training future healthcare professionals. Its continued

research and development will have a profound impact on the entire healthcare industry.
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