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Abstract:

BACKGROUND: Policymakers must have a forward-looking mindset. Future studies are valuable
tools for monitoring upcoming developments and identifying the driving forces that shape the future.
This research aimed to identify the drivers or key influencing factors in the future of virtual reality in
medical education.

MATERIALS AND METHOD: This study was conducted in 2021-2023 in three phases: conducting
literature review, interviewing with experts, and categorizing these results within the STEEPV (Social,
Technological, Economic, Environmental, Political, and Values) framework.

RESULTS: Content analysis of the literature review resulted in 273 codes and seven categories.
Interviews with 15 experts were analyzed, which led to 220 codes and 30 sub-categories. Ultimately,
the results of the two aforementioned stages were categorized within the STEEPV framework,
including six, seven, six, two, four, and five drivers in the categories of social, technological, economic,
environmental, political, and values drivers, respectively.

CONCLUSION: To successfully introduce virtual reality in universities, it is essential to create a supportive
environment, adjust policies, and establish ethical guidelines. This will require initial investments,
cost-reduction strategies, and collaboration with knowledge-based companies. In addition, it is vital to
leverage existing technology, provide training, and enhance digital literacy to ensure effective utilization.
The future of virtual reality in medical education will be influenced by technological advancements,
economic factors, environmental concerns, political frameworks, and value-driven approaches.
Keywords:

Forecasting, medical education, virtual reality

gained momentum as an effective method
for experiential learning. Simulation offers
a powerful educational intervention that
yields immediate and lasting results by
creating realistic scenarios, allowing learners
to act as they would in real-life situations,
and providing them with feedback and
debriefing. It is recognized as superior
to traditional clinical education owing to
addressing the challenges of providing
adequate clinical learning experiences.!"?!

Background

he rapid pace of change in medical

practice has necessitated adaptations in
medical education, leading to appropriate
education and preparation of future
clinicians. Traditional rote learning has been
replaced by more clinically relevant and
practical teaching methods. Consequently,
problem-based learning, communication
skills training, and simulation-based
learning have been integrated into curricula
to enhance the application of knowledge in
patient care. Simulation, in particular, has

Simulation-based training has become
an integral part of medical education,
providing learners with realistic scenarios
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in a safe environment. In this regard, virtual reality (VR)
is an important simulator that provides immersive
and interactive experiences for medical education.
High-fidelity simulators, such as patient mannequins,
replicate human anatomy and physiology, allowing
students to practice clinical procedures and receive
realistic feedback.?!

Research has shown that utilizing high-fidelity
simulators in medical education improves clinical
competency and learner satisfaction.®! Another type of
simulator is VR, an innovative technology that creates
a simulated environment through computer-generated
visuals, sounds, and haptic feedback to replicate
real-world scenarios. In medical education, VR provides
unique opportunities for learners to engage in realistic
clinical simulations, virtual patient encounters, and
surgical procedures. VR-based training enables students
to practice complex procedures repeatedly in a controlled
environment, improving hand-eye coordination, spatial
perception, and decision-making skills. Additionally,
VR offers a safe learning environment where learners
can make mistakes without endangering patient
safety. Research demonstrates the effectiveness of
VR in enhancing procedural skills, reducing errors,
and increasing learners’ confidence and competence.
Moreover, VR facilitates scalability and accessibility,
enabling remote learning and collaboration among
medical professionals.*”!

Medical education does not exist in isolation; it is part
of an open system that interacts with its surrounding
environment and is influenced by it. Thus, the key
to the vitality and dynamism of this system lies in its
interaction with the environment and its ability to adapt
and align with it. An essential requirement for such
adaptability is the development of a future-oriented
culture and a comprehensive analysis of issues and
problems, aiming to identify the influential forces that
impact medical education. The evaluation and prospects
of VR technologies and methodologies are the most
important in the field of medical education, so that is
important to understand the value of studying and
envisioning the future of these technologies to plan
and prepare effectively. By exploring the potential of
VR, researchers and educators can discover innovative
approaches that meet the changing demands of medical
training and education. Researchers and educators can
facilitate the successful integration and utilization of VR
in medical curricula by acknowledging the significance
of VR in enhancing training experiences, improving
patient outcomes, and addressing existing challenges.
Recently, future studies have been widely used in many
areas of development and the findings of these studies
have been utilized by governments and private
organizations. The advancements in technology and
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society have emerged a fresh perspective on the future,
and decision-makers have to cultivate new skills to
adapt to these transformations. Considering the current
swift and unpredictable shifts in the environment, it is
progressively crucial to anticipate and become prepared
for potential future change. It is recommended that future
research should adopt an inter-disciplinary approach.
Social science, as an inter-disciplinary field, draws on
various aspects to derive conclusions and hypotheses.
In a practical sense, social science provides individuals
with information essential for informed actions to
shape the future. Despite the ongoing specialization
and segregation of disciplines and professions, the
landscape of future research is evolving. The field of
foresight encompasses diverse sectors such as culture,
economy, politics, health, technology, and arts. With
forthcoming changes, the prominence of these domains
is on the ascent. The primary step in foresight involves
the identification of the factors influencing the future.
Although studies have been conducted on the use of
VR in medical education, there is a noticeable lack of
evidence, especially in the field of future research in
medical education.0l

Understanding the desirable and probable future of
VR in medical education in terms of its impacts on
educational and research activities can serve as a tool
and support for all students, faculty, and educational
administrators in all educational and non-educational
systems to anticipate unpredictable future events and
shape desirable futures. This enables the utilization of its
full potential in medical education and all learning and
educational centers to seek maximum benefits. However,
as far as the search for researchers has shown, no research
has identified the key drivers affecting the future of VR
in medical education. This research aimed to identify the
key drivers or influential factors in the future of VR in
medical education. Therefore, a complete understanding
of the environment, a thorough understanding of the
challenges ahead of the planning environment, and
the driving forces affecting the future of VR in medical
education will be obtained, enabling future studies to
be conducted.

Materials and Methods

Study design and setting

This practical and analytical future study was conducted
in 2021-2023. As the study focus was on VR in medical
education, universities of medical sciences, as the main
stakeholders for implementing VR, were the focus of
the study.

Study participants and sampling
Participants in this research were members of the
academic faculty of medical universities across the
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country, who were selected using a purposive sampling
method with maximum diversity. The experts in this
study were selected from individuals who met the
following conditions: specialists in e-learning and
medical education with at least 4 years of experience
as academic faculty, specialists in other fields who had
published educational research on simulation using VR,
or at least one reputable article in this field.

Data collection tool and technique

Data of this research were collected in three phases
including a literature review, expert interviews, and
categorization of the social, technological, economic,
environmental, political, and values (STEEP V)
framework [Diagram 1].

First phase: Literature review

Research related to VR was extracted through a
systematic search of four databases including Web of
Science, PubMed, Scopus, Embase, and Google Scholar
search engines up to December 31, 2022. After extracting
the relevant studies, two investigators (ZM and AM)
screened the titles and abstracts of the articles. A total
of 3643 studies were identified from the databases
mentioned. After removing duplicates and reviewing
titles and abstracts, 118 studies remained. In the next
step, the full text of the studies was examined using
the inclusion criteria. Of the 118 remaining studies, 55
were excluded because they did not meet the inclusion
criteria [Table 1: Search Strategy].

In addition, by reviewing the reference list of these
63 studies, 17 additional studies were included in
our review. Finally, 80 studies remained for full-text
evaluation [Figure 1: PRISMA diagram].

The qualitative analysis including identification,
categorization, open coding, code summary, and axial
coding of the last 80 articles was performed according
to the method of Graneheim and Lundman™ using
MAXQDA 10.12 The Peer check process was conducted
by providing the extracted codes and themes to two
colleagues involved in the research. Agreement on the
selected codes and theme categorization was reached.
Any selected codes or theme categorizations that lacked
consensus were revisited by referring back to the article
texts and re-evaluated by colleagues.

Phase 2: Expert interview

The second phase is to identify the driving forces
considered in conducting interviews with experts. Data
were collected via semi-structured interviews; after
completing the informed consent form, the interviews
were arranged. The duration of the interviews varied
between 15 and 60 minutes. All interviews were recorded,
and notes were taken alongside. Then, the interview texts

Journal of Education and Health Promotion | Volume 14 | March 2025

were studied and initial codes were extracted. The initial
codes were then organized so that similar codes were
categorized and placed in specific categories. For each
new interview, the previous categories were reviewed.
Then, by grouping all categories into generalizable
phrases within the themes, the final themes were
identified. Data collection ended when researchers
reached saturation, and no new codes were extracted. In
the end, we interviewed 15 people whose characteristics
are listed in Table 2.

Phase 3: Categorization of the STEEP V framework
Finally, to fully cover the emerging driving forces, the
results of the previous two stages were categorized
based on the STEEP V framework."™ By examining
these variables, it is possible to assess issues and trends
to gain a comprehensive understanding of VR, identify

Table 1: Search strategy

Database Search Query Number
of articles
Embase ‘virtual reality’:ab, ti AND ‘drive force’:ab, ti 111
AND ‘Key factor’; ab, ti
Scopus  ( TITLE-ABS-KEY (key factor) OR 163
TITLE-ABS-KEY (driver force) AND
TITLE-ABS-KEY (virtual reality) AND
TITLE-ABS-KEY (medical education))
PUBMED ((key factor[Title/Abstract]) OR (driver 11
force[Title/Abstract])) AND (virtual reality[Title/
Abstract]))
Google  allintitle: “virtual reality” AND “medical 1756
Scholar  education” OR “medical student” OR
“Education, Medical” OR “resident” OR
“medical Trainees” AND “driver force” OR
“key factor”
Web of  (TS=(key factor AND virtual reality AND drive 133
Science force) ) AND DOCUMENT TYPES: (Article)

Table 2: Participants’ Interview Information

Code Specialized field Gender Academic
Teaching
Experience
001  Ph.D. in Medical Education male 5
002  Specialist in oral and maxillofacial male 12
diseases
003  Specialist in internal medicine male 25
004  Medical Microbiology male 20
005  Ph.D. in Medical Informatics male 11
006 Clinical pharmacist specialist male 17
007  Ph.D. in Distance Education Planning male 22
008  Ph.D. in Medical Informatics male 8
009  Ph.D. in Health Education and male 16
Promotion
010  Ph.D. in Medical Informatics male 12
011  Health Information Management male 9
012  Psychiatrist specialist female 11
013  Ph.D. in Medical Informatics female 18

014  Ph.D. in Distance Education Planning male 19
015  Ph.D. in Medical Education female 15
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Figure 1: PRISMA diagram

Expert Interview

A Long list of Driving Forces
categorization of the STEEP V Framework

Analysis & Conclusion
Diagram 1: Study steps

emerging models and patterns, and infer potential future
drivers and capacities.

Ethical consideration

Ethics committee approval was obtained from the Ethics
Committee of Tehran University of Medical Sciences (No:
IR TUMS.MEDICINE.REC.1400.615). Participants were
enlightened about the aim of the study, the ethical charter
of the research, and the rights of the participants and
participated voluntarily. The participants were given an
information leaflet of the research and informed consent
for the participation by signing to indicate that they had
read the research information leaflet and questions had
been answered. The findings were used confidentially
and anonymously for discussion and publication.
Participants were free to withdraw from the study at any
time, and collected data and results were used only for
research purposes. In addition, all steps of the study and
methods were carried out according to the principles of
the Helsinki Declaration.

Results

In the literature review phase, after merging similar
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themes and removing duplicates, a total of 273 codes and
seven categories were extracted. In the expert interview
phase, 2531 initial codes were extracted until reaching
the saturation of data; finally, after removing repetitive
codes and categorizing them, 220 codes were identified
in 30 sub-categories. Ultimately, the results of the two
aforementioned stages were categorized into 6 STEEP V
framework [Table 3].

In the category of social drivers, six key drivers were
identified as essential for successfully implementing VR
technology in medical education. The findings indicate
that a shift in the attitudes and mindset of stakeholders,
including students, educators, healthcare professionals,
and industry experts, is necessary. However, resistance
to change poses a significant challenge in adopting
VR in medical education as educators may be hesitant
due to factors such as unfamiliarity, cost concerns, and
feasibility. According to the literature, comprehensive
training and support for stakeholders are crucial to
effectively adopt and utilize VR technology.!"!

In the category of technological drivers, seven main
drivers were identified. As indicated in Table 3, a
suitable infrastructure is a key driver of technological
advancements, leading to higher productivity and
efficiency. Organizations that prioritize infrastructure
upgrades are better equipped to develop and deploy
VR applications that meet the needs of customers
and employees. Investing in robust infrastructure
allows organizations to fully leverage VR
technology, achieving optimal performance and
user satisfaction.!’ Recent technological advances,
including artificial intelligence (Al), big data analysis,
cloud computing, and block chain, have enhanced the
potential of VR in medical education. For example,
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Table 3: Key drivers affecting the future of virtual
reality categorized in STEEP V categories
Category key Drivers Affecting the Future of Virtual Reality
Social Enhancing digital maturity in organizations
Developing digital literacy among individuals
The digital divide in society
Changing attitudes and generational shift
Education and empowerment in virtual reality
Development of interdisciplinary communications

Technology improving hardware and software
infrastructure

Expanding the use of the Internet
Converging technologies

Virtual reality content

Growth of innovative educational technologies
Robotics and Al industries

Internet of Things and smart wearables
Increase in investments

Tendency to reduce costs

Globalization of the economy

Currency fluctuations

Growth of knowledge-based companies
Economic divide

Environmental Diseases

Increased energy consumption
Changes in government policies

Creation of consortia consisting of multiple
universities

International sanctions

International interactions

Identity crises

Increased need for educational justice

Professional commitment and increased
organizational responsibility

Intellectual and moral property rights
Laws and regulations

Technology

Economic

Political

Values

Al personalizes learning by adapting the content to
individual needs, big data analysis identifies areas for
additional support, cloud computing enables remote
access to VR simulations, increasing accessibility, and
block chain ensures secure storage of student records.*!

Table 3 highlights the third category of economic drivers,
which includes six main drivers. The integration and
globalization of national economies have significantly
influenced the growth and development of VR
technology in medical education. Global interactions,
regional policies, medical tourism, and foreign direct
investment have all contributed to the expansion of VR
technology. The global market for VR is expected to
experience substantial growth, with a projected market
size of $44.7 billion by 2024.1'")

Table 3 indicates that the category of environmental
drivers consists of two main drivers. Weather phenomena,
environmental changes, and the emergence of infectious
diseases have been challenging in recent times, with the

Journal of Education and Health Promotion | Volume 14 | March 2025

potential to exacerbate both infectious and non-infectious
diseases. It is crucial to monitor health and medical
events closely and take appropriate measures to
minimize potential harm to the community. The ongoing
COVID-19 pandemic has further highlighted the need for
transformative changes in medical education, including
the adoption of VR technology for remote and immersive
learning experiences.!"!

Table 3 shows that the fifth category of political
drivers includes four main drivers. Economic and
political conditions in each country can affect the
availability and accessibility of VR technology in
medical education. Sanctions and regulations may limit
access to advanced medical technologies, hindering
their integration.'"! International interactions enable
the sharing of VR resources and expertise, promoting
the efficient use of the technology.?”! Knowledge
and best practice exchange between countries can
enhance understanding of healthcare issues and drive
innovation.®!

The last category is value drivers. VR technology in
medical education offers simulated experiences that
closely resemble real-life scenarios, aiding students in
developing practical skills and confidence. However,
it can also lead to a crisis of identity as students may
struggle to differentiate between virtual and real-life
situations, potentially impacting patient empathy and
understanding.

Discussion

This study aimed to investigate the influential drivers of
the future of VR in medical education. The study utilized
a combination of text review and expert interviews
to identify and extract the key components. These
components were then categorized into six groups:
economic, social, technological, political, environmental,
and values (STEEP V). In total, 30 components were
identified as significant drivers that would shape the
future of VR in medical education. The application of
the STEEP V framework provides educators with a
comprehensive approach to assess and address various
factors influencing the successful implementation of VR
technology. By considering the social, technological,
economic, environmental, political, and values drivers,
educators can make informed decisions and enhance the
integration of VR in medical education.

Social drivers in VR encompass various aspects that
contribute to its successful integration and impact on
society. One of the key social drivers is the analysis
of changing attitudes toward VR. As society becomes
more accepting and open to embracing this technology,
it creates greater opportunities for its application in
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education and training. Additionally, promoting digital
literacy and increasing individual awareness about
VR are crucial social factors. By improving people’s
knowledge and understanding of VR, they become better
equipped to engage with and benefit from this immersive
technology. Education and empowerment in the realm
of VR are also important social drivers. Providing
individuals with access to VR-based educational
experiences and empowering them to explore and learn
in virtual environments can have profound effects on
their knowledge acquisition and skill development.
Furthermore, the development of inter-disciplinary
communications plays a vital role in ensuring that the
integration of VR aligns with societal expectations. This
involves effective collaboration between different fields,
such as education, technology, and ethics, to address the
social implications and ethical considerations associated
with VR implementation.*?

On the other hand, technological drivers are instrumental
in the context of VR-based medical education. Educators
need to stay updated on the advancements in VR
hardware, software, and interactive simulations to
make informed decisions. Being aware of the latest
technological developments enables educators to
select appropriate VR platforms that align with their
educational goals. Moreover, the updated knowledge
allows them to create realistic medical scenarios within
the virtual environment, enhancing the authenticity
of the learning experience for medical students. By
leveraging technological drivers, educators can enhance
learners’ engagement and procedural skills as they can
practice and simulate complex medical procedures in a
safe and controlled VR environment.”! By addressing
social drivers and staying abreast of technological
drivers, VR can revolutionize education by providing
immersive and effective learning environments that meet
societal expectations and equip learners with essential
skills.

Economic drivers involve assessing the costs associated
with VR implementation, including equipment
acquisition, software development, and maintenance.
Institutions need to carefully analyze the economic drivers
to make informed decisions about resource allocation,
funding strategies, and the long-term sustainability of
VR-based medical education programs.?! Investing
in VR technology in medical education offers benefits
such as improved student performance, increased
confidence, and cost savings.*! The rising popularity
of VR has attracted investment from both private and
public sectors. Advancements in technology, including
hardware and software improvements, have made VR
more accessible and affordable, leading to increased
adoption and investment.?! Studies have shown
that VR simulation for surgical training can result
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in cost savings by reducing errors and minimizing
the need for additional surgeries.”” However, the
initial investment for implementing VR technology
can be high. Many knowledge-based companies have
revolutionized VR-based medical education by offering
innovative solutions that address traditional teaching
challenges. These knowledge-based companies have
significantly contributed to reducing healthcare costs by
providing affordable alternatives to expensive simulation
equipment. Their growth highlights the increasing
significance of technology in medical education and the
potential benefits of VR as a teaching tool.”?*!

While economic factors are crucial, environmental
drivers focus on the physical setup and utilization of
VR systems in medical education. Planners have been
evaluating safety protocols, ergonomic designs, and the
environmental impact of VR technology in terms of energy
consumption and waste management.» Compared to
traditional computer-based learning methods, VR
simulations can consume up to 10 times more energy due
to the computational power and specialized hardware
required, thereby raising environmental concerns." As
VR becomes more widespread, its energy consumption
could contribute to increased greenhouse gas emissions.
Addressing these environmental concerns is crucial in
the adoption and implementation of VR technology in
medical education.!!

On the other hand, political drivers shape the
regulatory landscape surrounding VR in medical
education. Typically, the drivers involved navigate
legal and ethical guidelines set by healthcare regulatory
bodies and institutions to ensure compliance,
address privacy concerns, and advocate for the
integration of VR technology into medical education
curricula.?®>®! Policy changes have implications for
the development and ownership of VR technology in
medical education.! Therefore, intellectual property
laws and ethical considerations should be taken
into account when integrating VR technology.*! In
the same vein, collaborative learning and research
should be conducted ethically with proper digital
content management.P¥ It is essential to establish
policy frameworks that support the ethical and
effective implementation of VR technology in medical
education.*!

Values drivers, on the other hand, emphasize ethical
considerations and student-centeredness in VR-based
medical education. Educators promote discussions
on professional integrity, patient privacy, and ethical
decision-making in virtual medical scenarios to develop
learners’ ethical foundation and a patient-centric
approach.” VR experiences can influence self-concept,
social identity, and moral values. Thus, integrating

Journal of Education and Health Promotion | Volume 14 | March 2025



Mohammadi, et al.: Identifying key drivers affecting the future of virtual reality in medical education

VR technology requires careful consideration to shape
students’” identities positively and promote empathetic
care.® Mazzone et al.’s® study found positive effects on
clinical skills and confidence; however, they emphasized
the need for students to be aware of VR limitations
and maintain a balance between virtual and real-life
experiences.

To promote the responsible use of technology,
organizations should establish codes of conduct,
provide training programs, and implement regulatory
frameworks." Clear guidelines should be established to
determine ownership and ensure proper compensation
for creators. Educational institutions must obtain the
necessary permissions and licenses to use copyrighted
material in VR simulations. Intellectual property
rights and patent laws play an important role in the
development and commercialization of VR technology
for medical education.® However, legal issues
surrounding VR and AR technologies are complex
and require comprehensive laws. Existing laws on
user data protection may be insufficient for virtual and
augmented reality, necessitating legal discussions on
content management, infrastructure access, publishing,
taxation, pricing, rights, privacy, digital identity,
signature, and cybersecurity. Thus, appropriate laws
should be enacted to monitor services, protect rights, and
address privacy and cybersecurity concerns. Yet, a gap in
current laws, particularly in integrating simulation-based
medical education into curricula and accreditations, is
observed.*!

By considering these drivers, educators can assess
and address the factors that influence the successful
implementation of VR technology in medical education.
This comprehensive approach ensures that VR integration
is socially acceptable, technologically optimized,
economically feasible, environmentally conscious,
politically compliant, and ethically grounded, leading
to enhanced learning experiences for medical students
and improved patient outcomes.

VR technology has the potential to shape the future of
medical education; therefore, identifying the influential
drivers in economic, social, technological, political,
environmental, and values domains is crucial for
effective implementation. By considering these drivers,
educators can make informed decisions and enhance
the integration of VR in medical education. Digital
maturity and the cultivation of digital literacy skills are
essential for the effective utilization of VR technology.
The digital divide should be addressed to ensure equal
opportunities for all learners. Overcoming resistance to
change and revising teaching methods are necessary for
successful VR implementation. Moreover, collaboration,
inter-disciplinary approaches, suitable infrastructure,
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and carefully designed content are integral parts of the
implementation process.

Strengths and limitations

In future studies, the influence of current assumptions
and paradigms can potentially limit the analyses and
predictions. Understanding and analyzing complexities
can pose a challenge, requiring precision, experience,
and deep knowledge of the relevant science and research
methods.

Conclusion

The field of medical education is experiencing rapid
changes and advancements on a global scale, necessitating
a pro-active approach from policymakers to address
critical situations effectively. In this context, policymakers
involved in medical education planning must possess a
forward-thinking mindset and understand the inherent
uncertainty of the future. Future studies have emerged
as a valuable tool for monitoring future developments
and identifying the driving forces that shape the future.
This research proposes a process framework to identify
the driving forces for the future implementation of VR
technology in medical education. The study emphasizes
the need for a comprehensive and multi-dimensional
approach, considering social, technological, economic,
environmental, political, and value drivers. It highlights
the interplay between these factors for successful
implementation and comprehensive changes in medical
education. Creating an enabling environment and changing
stakeholders’ attitudes are crucial prerequisites for
introducing VR technology in universities. Additionally,
adjustments in government policies and the establishment
of legal and ethical guidelines related to intellectual
property rights, privacy protection, and integration of VR
technology in medical education are essential. Adequate
initial investments and cost reduction strategies, such
as collaboration with knowledge-based companies and
international interaction and establishing consortia, are
necessary. Leveraging existing technological capabilities,
providing continuous training programs, and enhancing
digital literacy among professors and stakeholders are vital
for effective VR utilization. Technological advancements,
economic considerations, environmental concerns, political
frameworks, and value-driven approaches collectively
shape the future of VR in medical education. Scenario
analyses encompassing various influential factors are
recommended for future studies.
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