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Abstract. Virtual world technology is reshaping medical education, but its adop-
tion has raised unresolved ethical obligations. We proposed a Technology-teach-
ing-ethics-Outcomes framework and integrated the evidence through a review
from 2019 to 2025 and two illustrative cases to map out the benefits, risks and
remedies. The case studies of HoloAnatomy mixed-reality program and virtual
reality basic life support modules offer learning outcomes comparable to tradi-
tional teaching, while revealing governance gaps in telemetry, consent, and eq-
uity. We have combined three recurring predicaments: data privacy and security,
algorithmic bias and interpretability, as well as technical dependencies that may
erode professional judgment. In response, we recommend taking feasible safe-
guard measures: purpose-limited data flow, minimized and time-limited reten-
tion, role-based access, clear and revocation non-punitive opt-out consent, de-
sign-based security architecture, and capacity building that combines digitaliza-
tion with the humanistic qualities of teachers and learners. The TPEO framework
clarifies how moral guardrails affect teaching efficiency and institutional trust,
providing a practical roadmap for compliant and scalable deployment. Our con-
clusion is that metaverse tools can expand access, accelerate mastery and support
elastic delivery, but lasting value depends on embedding design ethics and strong
data governance from the very beginning.

Keywords: Metaverse, Medical Education, Ethical Dilemmas.

1 Introduction

With the rapid development of science and technology, metaverse technology has be-
come the focus of academic and industrial circles. In recent years, Chinese government
attaches great importance to the development of metaverse technology. Policy docu-
ments such as the "Three-Year Action Plan for the Innovative Development of the
Metaverse Industry (2023-2025)" are strong evidence. These policies clearly put for-
ward that educational scenes such as virtual classrooms and virtual laboratories should
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be constructed by using metaverse technology, and at the same time, the application of
digital twin technology in clinical research should be promoted, and the cooperation
between metaverse enterprises and medical institutions should be promoted.

In this context, the application of metaverse technology in the field of medical edu-
cation has attracted increasing attention. On the one hand, metaverse technology can
assist doctors in diagnosis, treatment and scientific research, thus improving the quality
and efficiency of medical services. On the other hand, it can provide immersive and
interactive learning experience for medical students and promote their all-round devel-
opment. However, the integration of the two also brings new ethical dilemmas, such as
data privacy protection, algorithm bias and over-reliance on technology.

Therefore, it is of great academic value and practical significance to study the ethical
challenges and mitigation strategies in meta-cosmic medical education. By constructing
an innovative analysis framework of medical education model, this study expands the
relevant theories in the field of educational technology and ethics, explores the impact
of metaverse technology on medical education, and provides a new perspective for ac-
ademic research. At the same time, targeted strategies are put forward for ethical chal-
lenges, providing valuable reference for medical education practice and promoting the
healthy development of medical education.

2 Methods

We adopted a mixed-methods design combining a systematic literature analysis, two
explanatory case studies, and a structured comparative analysis. The literature corpus
was scoped to 2019-2025 and searched in Web of Science, Scopus, PubMed, IEEE
Xplore, and CNKI using Boolean strings that combined “metaverse / VR / AR / XR”
with “medical education / health professions education” and “ethic / privacy / bias /
governance”. Inclusion criteria were: (1) peer-reviewed outlet; (2) explicit educational
use-cases; and (3) sufficient methodological detail to extract outcomes and ethical con-
siderations.

3 Research Status and Existing Problems

Current research mainly focuses on the application of the metaverse in education, med-
ical education, and interdisciplinary integration. The research topics involved include
teaching method innovation and practice, innovative applications and challenges in the
medical and health field, as well as interdisciplinary convergence, etc.

Firstly, relevant research focuses on the application of the metaverse in the field of
education, aiming to address issues related to teaching method innovation and practical
implementation. Roy et al. (2023) proposed that introducing the "metaverse", an ex-
pansive virtual space, can create a more interactive learning environment. This ap-
proach not only promotes the development of synchronous communication and sup-
ports multi-user sharing of diverse experiences, but also, through the research frame-
work it proposes, makes up for the deficiencies in the exploration of metaverse appli-
cations in education, thereby having a positive impact on the learning outcomes of both
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students and educators ['l. Chen et al. (2023) pointed out that since 2019, the research
on educational metauniverse has received extensive attention. Several core themes have
been extracted from the research, which have deepened people's understanding of the
application of metauniverse in education and promoted the innovative development of
teaching practice (1.

Secondly, in order to meet the needs of interdisciplinary integration, the application
of metauniverse in medical education has been paid attention to. Zaidi et al. (2024)
believe that integrating the Metauniverse into medical education can improve the qual-
ity of medical training by providing an immersive and situational learning experience.
This is particularly important for alleviating the resource shortage in low-and middle-
income countries, and can significantly improve the educational achievements I,
Shadad et al. (2025) proposed that with the rapid development of Internet of Things
(IoT), blockchain and other technologies, the metauniverse, as the ultimate form of the
Internet, has attracted wide attention. By connecting the physical world with the virtual
world, the virtual world can not only provide a high-quality user experience, but also
apply artificial intelligence (AI) and blockchain technology to the fields of medical
health and education, so as to improve the health outcomes and the quality of patient
care, and further promote the development of medical innovation and education 1.

Thirdly, focusing on "Meta-Universe Empowering Medical Education" aims to
solve the challenges in the field of medical personnel training. Chen et al. (2023) pro-
posed to integrate all kinds of technical equipment with other related elements to con-
struct the theoretical framework of medical education meta-universe. This framework
effectively solves the problems of insufficient practice opportunities and uneven distri-
bution of resources in traditional medical education, and provides guidance for subse-
quent application practice ). Liu et al. (2023) believe that the rise of educational me-
tauniverse makes online teaching a driving force for innovation. By exploring the vir-
tual immersion teaching space, their research provides a new research direction for the
construction of virtual immersion teaching mode in the field of traditional Chinese med-
icine (TCM), and then helps the international exchange and cooperation of Chinese
medicine culture [¢),

A comprehensive review of global research shows that the application of the
metaverse in the fields of education and healthcare has made remarkable progress, es-
pecially in areas such as teaching method innovation, healthcare applications and re-
lated challenges, interdisciplinary integration, and medical education reform. However,
the following key issues still need to be addressed urgently: Insufficient depth of ex-
ploration in educational applications: Current research has not yet delved deeply into
the construction logic and evaluation mechanism of interactive teaching environments,
and there are also research gaps in the sustainability analysis and effectiveness evalua-
tion of learning experiences ). Challenges in the medical and health sector remain uno-
vercome: In research related to the medical metaverse, core problems include how to
address the uneven distribution of medical resources, ensure user privacy and security,
achieve technical compatibility and adaptation, and promote the full integration of
metaverse technology into the entire medical service process. Cross-Disciplinary Inte-
gration Difficulties: How to achieve seamless convergence of the three major fields of
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education, medical and health care, and information technology, and ensure the simul-
taneous improvement of educational quality and medical service efficiency during the
integration process, remains a key issue that has not yet been broken through [*,

4 Case Studies in Metaverse-Enabled Medical Education

To ground the proposed framework in practice, we synthesize evidence from two rep-
resentative implementations of metaverse-enabled medical education. The HoloAna-
tomy mixed-reality program at Case Western Reserve University employs Microsoft
HoloLens to deliver musculoskeletal anatomy; randomized and controlled comparisons
reported knowledge outcomes comparable to cadaveric dissection, with a separate
study demonstrating substantially reduced time to mastery, and emergency remote de-
livery during campus closures confirming feasibility and favorable learner experience
B-11 A virtual-reality basic life support (BLS) module was used to train protocol ad-
herence and psychomotor quality; a randomized trial found mixed short-term effects
but comparable effectiveness at three months relative to conventional manikin training,
and a feasibility study identified usability, realism, and real-time feedback as key design
drivers alongside barriers to address before scale-up [!%!%], Across both cases, platform
telemetry constitutes personal data; governance therefore requires purpose limitation,
data minimization, time-bound retention, role-based access, informed consent, and non-
penalizing opt-out options. Collectively, these findings illustrate how technological af-
fordances, pedagogical design, and ethical safeguards jointly operationalize the Tech-
nology-Pedagogy- Ethics-Outcomes pathway in preclinical anatomy and clinical skills
training.

5 Innovation in Medical Education under Metaverse
Technology

This study is grounded in the theoretical frameworks of educational technology and
ethics, aiming to provide theoretical support for addressing ethical dilemmas in
metaverse-enhanced medical education and for formulating corresponding response
strategies.

The theory of educational technology is one of the core supporting theories of this
research. The development of this theory can be traced back to the early 20th century,
having gone through an evolution from audio-visual education, computer-assisted in-
struction to intelligent education in recent years. Throughout its entire development
process, educational technology has always taken "optimizing the teaching process and
enhancing educational effectiveness with the aid of technological tools" as its core ori-
entation. In the context of medical education, this theory emphasizes the catalytic role
of technology in educational practice 4. For example, the application of technologies
such as distance education and virtual reality (VR) has introduced brand-new teaching
modes and methods for medical education. However, there are still limitations in the
application of the current educational technology theory in medical education, which
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are manifested in insufficient attention to the ethical connotation of technology and
insufficient evaluation of its long-term impact [, In this study, the theory of educa-
tional technology is applied to the field of medical education with meta-universe em-
powerment, aiming at exploring how to solve the inherent ethical problems in the field
of medical education through technical tools.

Ethical theory provides the necessary moral judgment basis and value orientation for
this study. Ethics, as a discipline to study moral norms and behavior norms, is of vital
significance in the field of medical education. Medical ethics emphasizes the im-
portance of professional ethics in clinical practice and requires educators to adhere to
ethical principles in order to cultivate medical professionals with moral responsibility.
However, with the rise of metaverse technology, ethical issues in medical education
have become more and more complex, involving multiple challenges such as data pri-
vacy protection, algorithm bias, and over-reliance on technology. This study integrates
ethical theory into medical education, aiming at constructing an ethical framework that
can solve these emerging ethical dilemmas.

Under the background of metaverse technology, educational innovation is first em-
bodied in the macro-policy level. The government should formulate relevant policies
to clarify the role and orientation of metaverse in the field of education, so as to provide
institutional support for medical education. For example, through the promulgation of
"Metauniverse Education Development Plan", the application scenarios, technical
standards and ethical guidelines for the integration of Metauniverse into the education
field are clarified, and medical institutions are encouraged to actively explore their ap-
plication potential in teaching. In practice, medical educators should make full use of
metaverse technology to build an immersive and interactive learning environment, so
as to improve students' participation and learning enthusiasm ['°. This requires educa-
tors to have solid technical literacy and be proficient in using meta-cosmic tools for
curriculum design, implementation and evaluation.

The impact of metaverse technology on medical education is mainly reflected in the
analysis and evolution of teaching mechanisms. Firstly, metaverse technology pro-
motes the integration and sharing of medical education resources, breaks the limitation
of geographic space, and makes high-quality educational resources easier to obtain.
Secondly, metaverse technology promoted the reform of education mode, from the tra-
ditional "teacher-centered" knowledge transfer mode to the "student-centered, teacher-
guided" interactive learning mode. For example, virtual reality (VR) technology can
support students to simulate clinical scenarios and improve their practical skills. Aug-
mented Reality (AR) technology can enable students to obtain medical knowledge in
real time and enrich their learning experience.

Technology provides rich case resources for medical education and helps students
to combine theoretical knowledge with practical experience. Through the Metauniverse
platform, students can participate in virtual experiments, remote consultations and other
practical activities to exercise their clinical thinking and problem-solving skills ['”!, In
addition, this technology can promote cooperation and communication among students
and cultivate a dynamic learning community. For example, students can set up study
groups through the meta-universe platform to solve medical problems together and
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share their views and opinions. Meta-cosmic technology has given revolutionary po-
tential to medical education by redefining resource allocation mode, teaching interac-
tion form and experiential learning scene '8, However, to realize the continuous inte-
gration of metaverse technology and medical education, it is necessary to carry out strict
ethical review, establish a sound policy framework, and constantly optimize teaching
practice ['%1. Through the systematic exploration of these dimensions, this study pro-
vides a new perspective for academic dialogue in related fields, and also provides an
action path for building a medical education system that meets the requirements of eth-
ical norms and advanced technology.

6 Limitations and Future Directions of Medical Education
under Metaverse Technology

The potential limitations of metaverse technology in the theoretical application of med-
ical education are mainly reflected in the following dimensions: Technical constraints:
In the process of technology implementation, there may be challenges such as immature
technology and high cost of equipment, which may limit the equitable distribution of
medical education resources 2%, Over-reliance on technology: Over-reliance on tech-
nical means may lead to the neglect of the cultivation of medical students' humanistic
quality, thus hindering their all-round development 2!, Information integrity and secu-
rity: In the meta-environment, how to ensure the authenticity and security of medical
information, especially to reduce the risks of data leakage and privacy invasion, is still
an unresolved key issue %,

In view of the above limitations, this study puts forward the following theoretical
supplements and method innovation paths: Technology optimization and upgrading:
On the technical level, we will focus on the development of generative artificial intel-
ligence and metaverse technology suitable for medical education. Specific measures
include reducing equipment costs and improving technology accessibility to promote
the fair distribution of educational resources. Integration of humanistic education: at
the teaching level, pay attention to the cultivation of medical students' humanistic abil-
ity. Through the harmonious combination of technical assistance and moral care, med-
ical professionals with social responsibility can be trained [?*!. Improve the information
security framework: at the information management level, establish a sound security
system to ensure the authenticity and confidentiality of medical data and ensure com-
pliance with relevant privacy protection regulations.

7 Conclusion

In this study, by deeply exploring the ethical dilemma given to medical education by
the meta-universe and its mitigation strategies, the analytical framework of a new edu-
cational model is constructed, the applicability of classical educational theories in med-
ical teaching is verified, and the teaching innovation path under the meta-universe par-
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adigm is explored. The research results highlight the dual effects of metaverse technol-
ogy: it not only brings unprecedented opportunities to medical education, but also
causes ethical challenges such as data privacy risks, algorithm bias and technology de-
pendence. This study lays a foundation for the healthy development of medical educa-
tion relying on technology through theoretical exploration of the meta-cosmic integra-
tion medical education model. The results of this study are conducive to cultivating
innovative educational models, cultivating interdisciplinary medical talents with global
competitiveness, and promoting the deep integration of medical education with science
and technology and humanities. Future research should focus on three core directions:
optimizing the implementation path of technology, improving the humanistic quality of
medical students, and improving the information security management system in line
with international standards.
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