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Abstract

Theincreasing adoption of virtual reality (VR) in medical education offers substantial opportunitiesfor immersive, practice-oriented
training that complementstraditional teaching methods. In particular, VR enables repeated, risk-free exposureto complex clinical
scenarios and supports the development of clinical reasoning, communication skills, and procedural competence. However,
implementing V R-based courses remains challenging due to high devel opment costs, technical complexity, and the need for close
interdisciplinary collaboration. Thistutorial presents key insights and best practices from the medical tr.Al.ning project, a 3-year
interdisciplinary initiative funded by the German Federal Ministry of Education and Research. The project’s objective was to
develop an artificia intelligence (Al)-supported, VR-based training platform that allows medical students to practice clinical
decision-making inimmersive, interactive scenarios. The paper is structured asatutorial and offers recommendationsfor planning,
developing, and integrating VR courses into medical curricula. Each recommendation isillustrated with concrete examples from
our project, serving asapractical blueprint to guide educators and developers in applying these guidelinesin their own contexts.
Successful implementation of a VR project in medical education requires strategic planning and collaboration, starting with a
thorough identification of curricular gaps that VR can address and a clear justification of its added educational value. An
interdisciplinary consortium that combines expertise from medical didactics experts, computer science, and design is essential
to ensure the devel opment of high-quality, pedagogically sound simulations and intuitive user interfaces. Key factors for success
include defining specific learning objectives aligned with competency-based frameworks; iterative devel opment with continuous
feedback from medical experts, educators, and students; and structured pilot testing with systematic collection of quantitative
and qualitative data to assess usability, immersion, and learning outcomes. Early engagement and walkthroughs with end users
help identify practical challenges and inform iterative improvements. A dedicated authoring tool within the project allows medical
teachersto create and adapt VR scenarios without prior technical experience, supporting the scalability and sustainability of the
approach. Effective project management frameworksfacilitate collaboration, clear task all ocation, and adaptive progress throughout
development. Additionally, considerationsfor hardware sel ection, technical infrastructure, and sustainabl e dissemination strategies,
including open-access publications, project websites, and professional networking, are crucial to ensure long-term viability and
broad adoption across institutions. By combining a tutorial format with practical, step-by-step recommendations, this article

https://mededu.jmir.org/2026/1/e80976 JMIR Med Educ 2026 | vol. 12 | e80976 | p. 1
(page number not for citation purposes)


mailto:kontakt@dr-mergen.de
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

Mergen et d

provides acomprehensive guide for educators and devel opers on implementing immersive, Al-supported VR courses to enhance
medical education. It highlights key lessons learned in interdisciplinary collaboration, iterative testing, systematic evaluation,
and alignment with educational objectives, thereby facilitating the effective, evidence-based, and sustainable integration of VR

into medical curricula across diverse institutions.
(JMIR Med Educ 2026;12:€80976) doi: 10.2196/80976
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Introduction

Medical education is increasingly adopting digital learning
methods, driven by advancements in computer science,
particularly in artificia intelligence (Al). As part of this shift,
virtual reality (VR) is emerging as a valuable training tool for
both aspiring and practicing health care professionals [1].
Initially, VR was used predominantly for training surgical
interventions and procedures [1-3], but its applications are
expanding rapidly across a range of other use cases. The
motivation of medical educators to invest in and learn to use
this new technology derives mainly from distinct advantages,
such as the ability to repeat medical procedures in a safe,
immersive environment as often as needed, without risk to real
patients or users themselves [1,3]. At the same time, VR still
encounters certain challenges, including technical limitations
in terms of haptic feedback [4,5] and issues related to
cybersickness[6,7]. However, the growing interest in using VR
for medical education is driving ongoing innovations that may
help overcome these current limitations. Additionally, VR’s
expanding role suggests potentia for extended didactic
approaches, further supporting its integration into curricula

This paper isintentionally written as atutoria informed by the
3-year, multiinstitutional project medical tr.Al.ning [8]
(Germany; project start: December 2021). It synthesizes
practical implementation lessons (planning, development,
integration, and sustainability) rather than reporting acontrolled
effectiveness trial. While we refer to evaluation activities
conducted during the project (eg, pilot courses and feasibility
studies), the purpose of these activities in this tutoria is to
inform implementation decisions, not to clam that VR is
superior to other teaching formats.

How to Use This Tutorial

The guidanceis organized into 4 phases that readers can follow
sequentially or consult as needed:

Phase 1: How to start (needs assessment, consortium setup,
goals, resources).

https://mededu.jmir.org/2026/1/e80976

« Phase 22 How to organize (communication, project
management, infrastructure).

« Phase 3: How to build (learning design, technical
foundation, Al options, interdisciplinary workflows).

« Phase 4: How to integrate (iterative testing, curricular
embedding, dissemination, sustainability).

The medical tr.Al.ning project’s primary goal is to create an
Al-supported, VR-based training platform that enables medical
students to practice clinical decision-making in customizable,
immersive virtual scenarios. Additionally, a key project
component isthe development of an authoring tool that provides
medical teacherswith avisual interface, allowing themto easily
create and adapt new training scenarios tailored to specific
educational needs. The project draws on contributionsfrom the
University of Mu'nster (Institut fur Ausbildung und
Studienangelegenheiten [IfAS] and Computer Vision & Machine
Learning Systems [CVMLS]), Saarland University
(Coordination Center Homburg for Education & Learning in
Medicine [CHELM] and Ubiquitous Media Technologies Lab
[UMTLY]), the University of Applied SciencesMinster (FHMS;
Department of Electrical Engineering and Computer Science
[ETI], Minster School of Design [MSD], and Institut
Gesdllschaft und Digitales [GUD]), and the Saarbriicken
Academy of Fine Arts (xm:lab and Hochschule der Bildenden
Kiinste Saar [HBK saar]). Responsibilities and competencies
are broadly divided into 2 core teams (see Figure 1). The
medical didactics team (IfAS and CHELM) is responsible for
developing teaching methods and strategies, providing the
medical foundation necessary for programming and designing
scenarios in collaboration with medical specialists, and
deploying the developed content into medical curricula. The
design and technical team (UMTL, CVMLS, FHMS, xm:lab,
and HBKsaar) handles platform implementation, including
design, modeling, animations, and the creation of a unified
interaction concept for VR and the authoring tool. While tasks
are clearly defined, close interdisciplinary collaboration is
essential throughout the project life cycle.
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Figure 1. (A) Consortium structure and broadly defined responsibilities within the medical tr.Al.ning project; (B) Prototype life cycles. CHELM:
Coordination Center Homburg for Education & Learning in Medicine; CVMLS: Computer Vision & Machine Learning Systems, FHMS: University
of Applied Sciences Miinster; HBKsaar: Hochschule der Bildenden Kiinste Saar; IfAS: Institut fiir Ausbildung und Studienangelegenheiten; UMTL:

Ubiquitous Media Technologies L ab.
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In this paper, we synthesize key insights from this 3-year project
to enhance transparency in university-led research initiatives
and to derive structured, practice-oriented recommendations.

Existing publicationson VR in medical education predominantly
focus on single educational interventions, technical feasibility,
usability, or learning outcomes, often within narrowly defined
curricular contexts[9-11]. While several reviewsand framework
papers discuss general design considerations for immersive
learning, comprehensive end-to-end guidance on how to
systematically plan, implement, integrate, and sustain VR
courses within real-world medical curricula remains scarce
[1,12,13].

In particular, operational aspects such as consortium building,
project management structures, interdisciplinary coordination,
and long-term curricular integration are rarely addressed in a
consolidated manner. This tutorial addresses this gap by
providing a step-by-step, implementation-oriented guideline
informed by a national, multiinstitutional project. Drawing on
3 years of iterative development, deployment, and evaluation
across multiple medical faculties, this paper offers practical,
reproducible guidance covering the full life cycle of VR course
development—from needs assessment and team setup to
technical implementation, curricular integration, and
dissemination. Theserecommendationsare grounded in practical
experience and collaborative processes across multiple
institutions.

Methodologically, the guidance is informed by structured
workshops with medical educators, iterative usability testing,
pilot studies with students, and formative and summative
evaluations conducted throughout the project.

In this tutorial, we present general recommendations for
developing and integrating VR courses in medical education,
and we complement each recommendation with concrete
examples from the medical tr.Al.ning project. These examples
serve as a practical blueprint, illustrating how the guidelines
can be applied in area-world VR devel opment context.

Feedback from medical experts, teachers, and learners was
systematically incorporated into successive project phases and
directly shaped the procedural stepsoutlinedinthisarticle. The
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resulting tutorial, therefore, reflects practice-based, empirically
informed recommendations, providing both conceptual guidance
and operational examples for future implementations.

Phase 1;: How to Start

Overview

This phase focuses on theinitial conceptual stage of VR course
development in medical education. It outlines how to identify
educational needs, define realistic project goals, and establish
the interdisciplinary foundations required for a successful VR
project.

Defining Gap: Identifying Gaps in Medical Education
That Benefit From VR

Identifying curricular gaps before integrating VR into medical
education is crucial to ensure that the technology is applied
strategically, targeting specific deficiencies in the current
curriculum that are difficult or impossible to address with
traditional learning methods. In practice, we recommend starting
with a detailed review of existing learning objectives and
mapping them to potential VR scenarios. This processinvolves
defining a clear rationale for using VR, ensuring that it is
selected for its distinct advantages over other teaching methods
rather than being adopted purely for novelty.

VR offersimmersive, interactive experiences that can simulate
complex medical scenarios, such as high-risk procedures or
examinations involving intimate areas, which we specifically
addressed inthemedical tr.Al.ning project. These scenariosare
ideal candidatesfor VR, asthey allow studentsto gain essential
skills in a controlled, risk-free environment, which would be
difficult or impossibleto recreate with traditional methods such
as lectures, manikins, rea-life settings, or other forms of
standardized simulations [14].

In addition, the customizable nature of VR simulations allows
users to edit existing training scenarios or create new ones to
align with variousteaching specializations. Thisflexibility was
a key reason for developing a dedicated authoring tool in our
project.
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Once the rationale is established, VR should be applied in a
well-considered manner that alignswith overarching educational
goals. The technology should enhance the learning experience
rather than merely replace existing methods without adding
benefits. Given that VR requires significant resources for
development and implementation, its use must be justified by
specific educational needs. The goa is not to replace patient
contact or training with actors or simulated patients, but to
supplement the curriculum with additional learning scenarios
that fill existing educational gaps.

In the medical tr.Al.ning project, we therefore focused on the
performance of awhole-body skin cancer screening, aprocedure
that is challenging for many medical students to practice in
real-life settings. In particul ar, the examination of intimate body
areas may be associated with embarrassment for both students
and patients, which can limit opportunities for repeated,
hands-on training. In addition, VR allows studentsto repeatedly
practicethedirect visual differentiation of potentially malignant
lesionsfrom benign skin findings under standardized conditions
[14]. Inreal clinical settings, the availability of suitable patients
(eg, with melanoma) is neither predictable nor equally
distributed across teaching sessions. By embedding
representative cases in VR, al students can be exposed to the
same educational content and have equal opportunities to
practice the required examination and decision-making steps.

Integrating Al

Whiletheuse of VR itsalf offersmany benefits, additiona value
can be provided by Al technol ogy. Real-time speech recognition
and synthesis enable more natural, fluid conversations and
eliminate the need for studentsto navigate predefined questions
and commands, which might compromise the effectiveness of
training in clinical decision-making. Al can enable dynamic,
context-aware interactions with virtual agents, supporting
adaptive, natural language responsesthat reflect realistic clinical
dialogues [15]. This capability mirrors the unpredictability of
real-world scenarios while providing a safe environment for
students to practice and refine critical soft skills, such as
empathy, active listening, and effective communication.

Furthermore, Al can be used to autonomously generate data
protection-compliant clinical images [16]. This not only
substantially increases the quantity and diversity of clinical
images and their placement within the course, but al so enhances
the challenge for students to make accurate decisions.

Building the Consortium

I dentifying and Recruiting Team M embers (Medical
Professionalg/Didactics, I T Experts, 3D Designers, and
I nteraction Designers)

The success of an educational VR project heavily relies on
assembling a carefully selected, multidisciplinary consortium.
Securing expertise in medical didactics, computer science, and
designis crucia to devel oping a comprehensive and impactful
learning environment. When forming such a consortium, it is
important to choose members with proven expertise in these
domains, a strong record of collaborative work, and a shared
commitment to educational innovation. Additionally, expertise
in Al can substantially enhance the capabilities and outcomes
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of VR development. It is also important to define how medical
specialists will be involved in the development and evaluation
process. By ensuring these competencies are well represented,
the project establishes arobust foundation for success.

Budget constraints may necessitate adjustmentsin project setup,
such as reducing staffing levels. This can be addressed by
focusing on specific goals and scaling back staffing in
disciplines with lower workloads. To compensate, leveraging
tools, libraries, and off-the-shelf solutions—such as standard
user interface (Ul) elements, 3D asset libraries, and VR world
builders—can streamline development processes. While it is
often inadvisable to entirely forgo a discipline, maintaining at
least one senior team member to oversee and guide the effective
use of these tools helps ensure quality and consistency.

Furthermore, the rapid evolution of generative Al offers new
opportunities for innovative workflows in VR development.
This advancement has the potential to substantially transform
existing processes. Team members should stay actively informed
about advancementsin Al to identify and effectively integrate
these devel opments into the project.

Defining Roles and Responsibilities

The inherent size and interdisciplinarity of a consortium
developing VR simulations for medical education require both
a project manager and a project coordinator. The project
coordinator fulfills a support role, primarily focusing on
administrative tasks such as scheduling, reporting, and
coordinating communication among team members. The project
coordinator ensures that day-to-day activities align with the
project’s objectives. By contrast, the project manager holds a
leadership role, overseeing the entire project life cycle, including
planning, resource alocation, risk management, and strategic
decision-making. While the project manager adopts ahigh-level
perspective and makes key decisions, the project coordinator
focuses on operational aspects to ensure smooth execution.

Additionally, responsibilities within the teams at each location
should be coordinated, ideally through team leaders who work
closely on the respective topics.

From our experience, clearly defining responsibilities is
especialy important in interdisciplinary teams. Splitting the
coordination roleinto technical and didactical (ie, nontechnical)
components ensures that all needs and project goals are
addressed. These coordinators must maintain constant
communication and collaboratively address challenges,
escalating issues to the project manager when necessary.

The technical coordinator is responsible for ensuring the
technical implementation of the VR project, including the
integration of hardware, software, and additional modules such
as an authoring tool. This role involves monitoring the build
process; diagnosing and resolving technical issues, managing
updates and merge requests (ie, developers proposals to
integrate source code changes); and maintaining performance
and compatibility standards for the VR simulations.

The didactical coordinator ensuresthat the educational content
and learning objectives are correctly integrated into the VR
simulations. Collaborating closely with educators and medical

JMIR Med Educ 2026 | vol. 12 | eB0976 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

experts, they align the simulations with current medical
curricula, such asthe NKLM 2.0 [17], and broader educational
frameworks such as competency-based medical education. This
role ensures that the simulations are pedagogically sound and
meet the intended educational outcomes.

To streamline administrative tasks, an overall coordinator
position can be beneficial. In our project, administrative
responsihilitieswere al so managed by the didactical coordinator.

Coordinating the technical aspects and workflows of such a
multidisciplinary project across multiple sites (in our case,
UMTL, CVMLS, FHMS, HBK saar) iscomplex. Inthe medical
tr.Al.ning project, the role of acentral technical coordinator, as

Mergen et d

described above, was not planned in the granted project outline.
Instead, each site operated under the leadership of ateam leader
who managed an interdisciplinary team and closely collaborated
with the other sites. However, the absence of acentral technical
coordinator hindered cross-site collaboration and reduced overall
project efficiency. It is recommended to establish a central
technical coordinator to ensure efficient collaboration between
sites and to guarantee the quality of the technical
implementation, thereby achieving project goals more
effectively. Table 1 suggests the distribution of roles and
responsibilitiesasaRACI (responsible, accountable, consulted,
and informed) matrix.

Table 1. The RACI? matrix used to clarify responsibilities in the multisite virtual reality development consortium (medical tr.Al.ning, Germany;

2021-2024). Roles include project manager, didactic lead, technical lead,
evaluation®.

medical experts, and student assistants involved in course delivery and

Components Project manager  Didactic lead Technical lead Medical expert  Student assistants
Needs assessment A R Cc R I

Learning design C A/R C R |

Virtua reality development | C AR C R

Technical testing | C A/R C R

Curricular integration A C R |

Evaluation A Cc Cc R

3RACI: responsible, accountable, consulted, and informed.

Bwe recommend reviewi ng the RACI at each milestone to prevent role drift across disciplines and sites.

Defining Project Goals and Management

Choosing a Project Name

All consortium members should have the opportunity to propose
ideas for a suitable project name. After gathering suggestions,
potential candidates can be discussed within the team,
culminating in a final vote and confirmation by the project
manager. In our case, the name needed to represent both medical
education and the integration of Al technology. Asaresult, we
chose medical tr.Al.ning, emphasizing the acronym “Al” to
highlight itsdual focus and delivering amemorable, descriptive
name.

Setting Project Goalsand Milestones

Project goals and milestones must be clearly defined to ensure
structured progress. Goals must align with the intended

https://mededu.jmir.org/2026/1/e80976

educational outcomes, such as improving procedural skills or
enhancing clinical decision-making. Based on our experience,
this step should precede detailed scenario design to ensure
alignment between educational objectives and technical
implementation.

Milestones should track key phases, including content
development, technical implementation, user testing, and
iterative evaluation cycles. Each milestone should be specific,
measurable, achievable, relevant, and time-bound (SMART),
including tasks such as compl eting scenario designs, integrating
feedback from medical experts, and conducting beta testing.
Regular reviews are essential to adjust for technical challenges
or evolving educational requirements.

In the medical tr.Al.ning project, we identified 4 milestones
(Textbox 1).
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Textbox 1. Milestones of the medical tr.Al.ning project.
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1. Developing arobust virtual reality foundation and authoring tool

Creating realistic medical scenarios with afocus on artificial intelligence (Al)—supported visual elements; designing the core functions of the virtua

reality (VR) environment and the authoring tool.

2. Designing user navigation and smart interaction features

Implementing navigation functions within the VR environment, a clear visual design, and intelligent interaction features.

3. Enabling natural language and gesture-based inter actions

Leveraging Al-based speech interaction for input and output; additionally, developing an optional gesture-based interface.

4. Integration and evaluation

Integrating all developed components into a comprehensive, user-friendly VR application and conducting thorough evaluations; finalizing and using

the authoring tool to create additional VR scenarios.

Developing a Project Timeline

The project timeline should follow a phased approach with clear,
realistic deadlines. This typically begins with the discovery
phase, which includes goal setting, stakeholder alignment, and
requirements gathering. Next, the design phase should focuson
content creation, scenario mapping, and visual asset
devel opment, followed by the devel opment phase, which covers
programming, VR integration, and interactivity design. The
testing phase involves feedback from medical experts and beta
testing [18].

Finally, the deployment phase ensures that the scenarios are
refined and ready for educational use. Periodic reviews should
be schedul ed to assess progress and make adj ustments as needed.
After the VR scenarios are integrated into the curriculum,
feedback from students should be collected to optimize both
usability and content.

Budgeting and Allocation of Resources

Key Cost Componentsand Considerations

Budgeting and resource allocation should be based on
well-defined objectives, with careful attention to relevant cost
categories. Key cost components include personnel expenses
for medical (didactical) experts, designers, and developers,
which often congtitute the largest share. Other substantial costs
include licenses for software tools and assets (eg, VR
devel opment platforms, 3D modeling software, communication,
and data storage tools). Hardware costs for head-mounted
displays (HMDs), powerful computers, and necessary
accessories (eg, cables, tripods, hygiene equipment) also
represent a substantial portion of the budget.

Additionally, providing technical support to manage ongoing
maintenance and supervise related courses is essential. In the
medical tr.Al.ning project, thiswas done by research assistants.
For dissemination, costs related to presenting the project at
national and internationa conferences, publishing in open-access
venues, and ensuring public accessibility (eg, through a
dedicated website) should be included in the calculations.

Cross-departmental collaboration playsadcritical rolein ensuring
that financial resources are appropriately aligned with project
milestones. Regular reviews should be scheduled to adjust for
evolving needs and unforeseen expenses, ensuring that the
project remains on budget and achieves its objectives.

https://mededu.jmir.org/2026/1/e80976

Securing Financial Support: Identifying Appropriate Project
Callsand Tenders

Securing financial support is essential to account for the
interdisciplinary nature of the consortium and the associated
costs. Researchers should actively explore grant opportunities
and funding programs focused on technology in education,
health care innovation, and digital transformation. Priority
should be given to funding callsthat emphasize interdisciplinary
research; medical training innovations; and VR, augmented
reality, or extended reality technology. Funding sources can
include national and international project calls, European Union
programs such as Horizon Europe, or regional grants targeting
medical technology. Partnershipswith private-sector companies
specializing in educational medical hardware or software should
also be considered to supplement public funding and potentially
facilitate subsequent commercialization.

Additionally, itiscrucia to designate ateam member or external
consultant to take responsibility for securing funding for
follow-up projectsearly in the devel opment cycle. Thisensures
continuity of the research and development pipeline, allowing
the consortium to build on itsinitial achievements and scalethe
project's impact. Early identification of future funding
opportunities and alignment with upcoming calls or partnerships
can help avoid interruptions in development and support the
long-term sustainability of the initiative.

Themedical tr.Al.ning project was funded through the program
“Artificial Intelligence in Higher Education” by the German
Federal Ministry of Education and Research for a3-year period
(grant 16DHBKI1077). The project was successfully submitted
in the subcategory “national cooperative research project.”

Minimum Viable Requirements

Based on our experience, a minimal viable setup for
implementing VR courses in medical education includes (1) a
core team consisting of at least 1 didactical coordinator, 1
clinical content expert, and 1 technical lead; (2) standalone VR
hardware with ingtitutional device management capabilities;
(3) adedicated physical spacethat allows safe VR use; and (4)
basic evaluation instruments assessing usability, acceptance,
and perceived learning benefit.
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Key Actions (Phase 1)

« Define the curricular gap and justify why VR adds value
compared with existing methods.

«  Trandatethe gap into competency-based |earning objectives
(eg, NKLM 2.0).

+  Build the consortium and assign roles.

«  Define SMART milestonesand aphased timeline, including
pilot testing and curricular integration.

« Decide on the minimum viable setup (hardware, room,
staffing, hygiene, evaluation instruments).

Phase 2: How to Organize

Overview

This phase addresses the organi zational and managerial aspects
of VR project implementation. It provides practical guidance
on project management structures, task allocation,
interdisciplinary communication, and technical infrastructure
planning.

Communication and Data Storage

A key aspect of successful implementation is communication.
Therefore, the respective platforms should be defined early,
along with rules for notifications. Additionally, an efficient
meeting schedule should be established, including agendas and
time for discussing difficult topics.

Hybrid and remote team setups introduce unique challengesin
maintaining communication, collaboration, and cohesion.
Therefore, establishing clear rules for asynchronous and
synchronous communication is vital to minimizing delays and
misunderstandings. Team members should have access to
well-defined workflows and tools tailored for remote use.

A minimal viable setup includes a shared cloud platform, a
messaging tool for asynchronous communication, and acaendar
system for scheduling regular review meetings. However, the
abundance of available communication tools, such as email,
communication and collaboration platforms (eg, Microsoft
Teams, Slack, Mattermost), aswell asvideo conferencing toals,
can often lead to confusion if not properly managed. In hybrid
or remote setups, balancing synchronous (eg, video calls) and
asynchronous (eg, collaboration platforms) communication
becomes essential to accommodate team membersin different
locations. Informal virtual spaces, such ascasual chat channels,
can help build team rapport and compensate for the lack of
face-to-face interaction. In our project, we opted to use email
for formal communications and important updates.

M eetings were scheduled, and calendar inviteswere shared via
Microsoft Outlook, reducing the need for frequent reminder
emails. Online meetings were conducted via the video
conferencing tool Zoom (Zoom Communications, Inc), using
a permanent access link that ensured easy retrieval and
accessibility for al project members at any time.

For informal and real-time discussion, we used the collaboration
platform Mattermost (Mattermost Inc), which was hosted by
the Center for Information Technology, University of Miinster.
Several topic-specific channels were defined to keep
conversations organized and prevent information overload. A
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reasonable allocation of members to channels helped prevent
flooding with undirected information and kept discussions
focused on relevant themes. However, the number of
communication channels should be limited to avoid
overwhelming team members with multiple sources of
information.

A fixed meeting cadence supports transparency and alignment
in interdisciplinary VR projects. Based on our experience, we
recommend a 2-tier structure:

«  Weekly working meeting (60-90 minutes): All research
associates review progress, clarify blockers, and prioritize
tasks. Meetings may alternate between devel opment-focused
discussions and milestone planning.

«  Monthly consortium meeting:

Project leads and working group representatives review
overal progress, address strategic decisions, and confirm
next steps.

Clear agendas and concise written minutes should document
decisions and assigned responsibilities. The meeting structure
should be adapted as the project transitions from exploration to
implementation and curricular integration phases.

To share and store all relevant data, a common cloud solution
should be used that complies with national data protection
regulations. Thisis particularly important in the medical context
when dealing with sensitive data (eg, patient or study data) used
or collected during the project. It isalso essential that all parties
have equal accessto the cloud and that its capacity is sufficient
for software-based projects. In our case, we used the university
cloud for North Rhine-Westphalia, “Sciebo” (version
5.3.1.14360; University of Miinster, Minster, Germany).

Moreover, it is advisable to use a designated agile project
management framework, for example, Scrum [19], and tools
such as Kanban [20] to provide an overview of current tasks
and ongoing work. The iterative approach of agile software
development, with short development cycles, facilitates
continuous feedback and improvement, which is especialy
beneficial in complex, interdisciplinary projects. Kanban serves
asavisua workflow management method designed to optimize
efficiency and productivity by tracking taskson aboard divided
into columns, typically representing stages of a process.

In our project, we used the Boards function of the Mattermost
platform as a Kanban tool for meeting agendas and protocols,
as well as the ticketing function of GitLab (GitLab Inc) for
specific work assignmentsin software devel opment. In addition,
we partially used selected methods of Scrum and agile software
development for the creation of the VR simulation.

While short iteration cycles enabled early evaluation and
adaptation of VR prototypes, the complexity of VR development
often exceeded the constraints of short sprints. Therefore, we
did not prioritize al aspects of the Scrum framework, although,
in retrospect, stricter use of this method could have helped
streamline some steps of the development process.
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Lessons Learned and I mplications for Future
I mplementations

If the project were to be implemented again, several structural
decisions would be adjusted based on our experience. In
particular, establishing a central technical coordinator from the
outset would be prioritized to improve crosssite
synchronization, reduce redundancy, and streamline technical
decision-making.

In addition, a more consistent application of agile project
management practices, including clearer sprint definitions,
responsibilities, and review cycles, could further enhance
development efficiency and transparency.

Finally, earlier and more systematic alignment of terminology
and expectations across disciplines may help mitigate
communication barriers inherent in interdisciplinary VR
projects. These reflections highlight not only what proved
effective but also which aspects require adaptation to improve
future implementations.

Key Actions (Phase 2)

« Agree on 1 primary channd for
communication and 1 for formal decisions.

« Implement a shared task board (Kanban) and a
source-of-truth repository for files.

- Set afixed meeting cadence (weekly working meeting +
monthly consortium steering).

- Defineinfrastructure responsibilities (room booking, device
management, updates, and hygiene).

Phase 3: How to Build

asynchronous

Overview

This phase focuses on the practical development of VR
applications for medica education. It outlines design
considerations, interaction concepts, and technical decisions
that guide the implementation of educationally meaningful VR
simulations.

Educational Context

Defining L earning Obj ectives

To ensure sustainability, the educational context of aVR-based
medical education project should be closaly aligned with current
competency-based |earning objective guidelines, such asthose
outlined in the German National Competency-Based Learning
Objectives Catalogue for Medicine (NKLM 2.0 [17]). This
alignment hel psensure that the VR simulations directly address
the core competencies and skills expected of medical graduates
and educators. Furthermore, alignment with established national
and international medical education frameworks helpskeep the
content relevant, which ultimately fosters not only institutional
support but aso adoption by other medical schools.

In the medical tr.Al.ning project, we initially focused on
dermatol ogical education and defined the corresponding learning
objectives based on the NKLM 2.0 before the devel opment of
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the actual application. A strong overall focuswas placed on the
competency “clinical reasoning,” which refers to the process
by which medical professionals gather and analyze patient
information, generate differential diagnoses, and makeinformed
decisions about patient management [21].

Discussions of Technical Feasibility

The requirements arising from the course design for the VR
simulation must be discussed with the technical team members
to assess their feasibility and, if necessary, revise the concept.
This includes, for example, requirements for the environment,
objects, and examination tools, aswell asthe behavior of virtual
patients and the necessary interactions within the simulation.

Defining Course Structure

The course structure for VR-based coursesin medical education
should be designed to target specific, predefined learning
objectivesand requirements. A modular design approach divides
the course into distinct sections, each focused on specific
competencies, such asclinical proceduresor clinical reasoning,
allowing for independent updates to individual modules. A
blended learning strategy combinesimmersive VR simulations
with traditional lectures, workshops, or online materials,
providing a comprehensive learning experience that supports
both practical application and the necessary theoretical
knowledge. As part of this strategy, theoretical input should
precedethe VR simulation to ensure that students have sufficient
knowledgeto complete the respective tasksin VR. Additionally,
offering a VR tutorial session is advisable to help students
become familiar with the navigation and controls.

Courses can either be self-paced, allowing students to learn at
their own pace and offering flexibility for their schedules, or
instructor-led, ensuring structured guidance and personalized
feedback from experts. Scenario-based learning within VR
allows students to engage in real-world medical situations,
promoting critical thinking and decision-making under realistic
conditions.

Finally, integrating assessment and feedback mechanisms, such
as formative and summative evaluations, ensures continuous
tracking of student progress, alignment with competency-based
educational goals, and theindividual feedback students need to
continuously improve their performance.

In the medical tr.Al.ning project, we started the course day by
providing instructions and theoretical background knowledge
on the strategy of adermatol ogical whole-body examination by
aqualified dermatologist to ensure that students had sufficient
theoretical knowledgeto benefit adequately from practicing the
procedure. After that, an interactive VR tutorial had to be
completed, in which all necessary interactions could be
practiced. Following the actual simulation, the results were
discussed with the dermatologist, feedback was given, and
questions could be asked. Figure 2 illustrates the overall
structure and sequence of activities in the VR dermatology
course (also see [14]).
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Figure 2. Time schedule and content of the virtual reality (VR) course in dermatology established at Saarland University [14]. HMD: head-mounted

display. CSQ-VR: Cybersicknessin Virtual Reality Questionnaire.
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Technical Foundation

Choosing VR Hardware

Several factors influence the decision regarding the most
appropriate VR hardware. Performance requirementsare crucial,
asthe hardware must support high-quality graphicsand real-time
interactionsto createimmersive and realistic medical scenarios.

Ease of use and comfort are also important, particularly for
longer training sessions, so lightwei ght headsets with ergonomic
designs are preferred.

Cost and scalahility are major considerations, as the hardware
must be affordable for institutions and scalable to accommodate
multiple users simultaneously. Durability and ease of
maintenance should be factored in, as the hardware will likely
undergo frequent use, necessitating reliable performance and
straightforward repair or replacement options. Mobility is
another key consideration, that is, whether the VR setup will
be room-based or portable, wire-free or PC-tethered, depending
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on the logistical possibilities and learning objectives. To meet
hygiene standards, disinfection equipment should be used to
clean the hardware between users, and single-use hygiene masks
should be placed inside the HMD.

As graphic resolution plays a substantial role, not only in the
context of cybersickness [22] but also in the accurate
representation of medical conditions, the “Valve Index” by
Valve was chosen for the medical tr.Al.ning project at both
locationsin 2022. The special Knuckles Controllers of the Valve
Index werefavored because of their finger-tracking capabilities,
which alow the hands to be used as naturally as possible in
medical scenarios. Although the VR hardware market israpidly
evolving, future compatibility and dissemination strategy should
be considered when choosing the appropriate hardware. For
example, in our case, relying on Steam’s Valve Index VR Kit
made transfer to other faculties challenging because of Steam’s
credit card—only acquisition policy.
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Providing Appropriate Infrastructure

Ensuring appropriate infrastructureis crucial for the success of
the project. The physical infrastructure should include dedicated

Mergen et a

rooms equi pped with adeguate space, power, and ventilation to
accommodate VR hardware, such as HMDs, sensors, and
powerful computers. These spaces need to be arranged to
facilitate ease of movement and interaction (Figure 3).

Figure3. Anequipped course room for astudent at the Munster campus, located within the premises of the LIMETTE (Lernzentrum fur individualisiertes
medizinisches Tatigkeitstraining - Learning Center for Individualized Medical Skills Training) simulation training center, featuring technical upgrades

to support the use of virtual reality hardware.

On the technical side, IT support is essential to ensure that the
VR hardware and software receive regular updates and
troubleshooting when necessary. Network infrastructure is
equally important, as VR simulations often require stable,
high-bandwidth internet connections, particularly if cloud-based
processing or collaborative simulations are involved.
Additionally, the infrastructure should meet data management
requirements, particularly if student performance data and
feedback are being collected for eval uation or research purposes.
This requires secure storage solutions that comply with data
privacy standards, especialy when handling sensitive
information.

Finally, the infrastructure should be scalable to accommodate
the growth of the project, whether through expansion to
additional courses or by upgrading equipment as technology
advances.
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Al Frameworks, Methods, and Integration

Al for Interaction and Learner Support

Within the medical tr.Al.ning project, Al was explored as an
enabling technology to support selected aspects of content
creation and interaction design rather than as a centrd
pedagogical driver of the VR courseitself. At thetime of project
initiation in 2021, many Al-based approaches that are now
widely available (eg, large language models[LLMs]) were till
emerging or not yet sufficiently mature for reliable integration
into medical education contexts. Consequently, several design
decisionsfavored robust, manually implemented solutions over
experimenta Al-driven componentsto ensureclinical accuracy,
usability, and curricular acceptance.

Tofacilitate realistic speech interaction with thevirtua patients,
the development of a specialized language interaction model
was initially planned. To ensure that it would meet al
requirements in terms of reliability and robustness, it was
designed to build on established technologies and frameworks
such as RASA (Realy Awesome Software Automation) [23]
to create a chatbot specifically adapted for use in medical
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scenarios. Together with Al-supported speech-to-text and speech
synthesismodelsfrom Microsoft Azure, the system would have
evolved into a complete dialogue system while remaining
flexible and predictable at its core through the use of decision
trees and scenario-specific intention and action systems for the
chatbot.

However, with the initial public preview release of ChatGPT
at the end of 2022, OpenAl caused a significant disruption in
the research community focused on the development of
intelligent speech-enabled agent systems. Consequently, our
efforts to develop a novel, cutting-edge interaction model for
virtual medical scenarioswere suspended. The subsequent rapid
developments and possibilities that emerged in the aftermath
of the LLM surge quickly became apparent, prompting an
expeditioustransition to arobust menu-based interaction system
in the project’s initial phase. Concurrently, the integration
potential of novel LLM modelswas explored in small qualitative
user studies.

Based on these findings, it became apparent that the models
were not yet suitable for stable use in the medical curriculum.
On the one hand, the additional overhead of the LLM caused
the overal pipeline to be too slow to achieve a readlistic
conversational experience for the user. On the other hand, the
model exhibited a tendency to frequently lose its role and
hallucinate. Additionally, the capacity to effectively control
tools was not yet sufficiently developed, which significantly
hindered the synchronization of animations and actions.
However, many of theseissues have been mitigated or addressed
inrecent versionsof LLMs. They currently offer great potential
for the implementation of an intelligent speech-enabled agent
system. A comprehensive evaluation within our system
framework remains pending.

Considering the rapid development of Al technology, we
recommend in-depth research on available tools and designing
their integration in a flexible way to make short-term
adjustments possible.

Al for Content Generation

Al also enabled us to explore new ways of generating content
for learning applications that can easily be scaled up, alowing
for more personalized learning experiences. We compared
variousimage-generation techniquesto create skin lesionimages
for our dermatological scenario. Ultimately, we opted to train
our own diffusion model from scratch using publicly available
data with real images [16]. We also added functionality to
control the generation process, enabling us to create lesions
directly on the virtual patient’s skin texture. Thisallowed usto
create multiple scenarioswith different lesions placed in various
locationson thevirtua patient’s body. For now, amedical expert
has manually checked all of these lesions to ensure they are
correct and do not contain unrealistic artifacts. However, it may
be possibleto fully automate the processin the future, providing
an individual scenario for each student. Additionally, the
generation process enables those preparing the course to
customize the content to specific requirements. For example,
we have also developed a tool that can generate lesions in a
specific shape. This allows the focus to shift toward specific
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characteristicswhen identifying amalignant lesion, for example,
more on texture than asymmetry.

Finally, the generated lesions can no longer be associated with
areal patient, thereby helping to preserve patient privacy while
still providing accessto anearly unlimited number of examples.

I nterdisciplinary Communication

General Principles

Overall, interdisciplinary communicationisacritical challenge
that must be addressed effectively [24]. In addition to the typical
difficulties faced by growing teams, there are further obstacles
related to differing vocabularies and the potential for unrealistic
expectations regarding the capabilities of other teams. Regular
meetings are essential to quickly identify, uncover, and resolve
misunderstandings. Additionally, visual representations of
current devel opment stages can help nontechnical team members
stay aligned and informed.

Assigning Tasks

While this aspect may initially seem trivia, it is often
overlooked in practice. Project tasks should be defined in great
detail and assigned to specific individuals, making it clear who
isresponsiblefor each task. Thisreduces confusion and ensures
that no critical aspect of the project is overlooked. It also
facilitates better progress tracking, enabling project managers
to identify potential delays or issues early on. Moreover,
assigning tasks based on individuals' skills or expertise ensures
that the right people handle the right responsibilities, thereby
improving the overall quality of the project. This structured
approach promotes better collaboration, as each team member
understands their role and contribution to the project’s success.

Defining Deadlines

Clear deadlines are essentia for any project, as they provide
structure, focus, and a sense of urgency, helping to keep the
project on track. By setting deadlines, teams can prioritize tasks,
allocate resources efficiently, and ensure steady progresstoward
milestones. In particular, for complex interdisciplinary projects,
deadlines help synchronize the efforts of al disciplines,
minimize bottlenecks, and ensure the timely delivery of the
project.

In case of delays or when deadlines cannot be met, transparency
with all cooperation partnersis essential. Open communication
helps to identify the underlying challenges and collaboratively
develop solutions. One effective approach can be to reassign
tasks to other team members or partners who are better
positioned to complete them within the required time frame.
This ensures that the project remains on schedule while
maintaining quality.

Key Actions (Phase 3)

« Lock learning objectives and confirm technical feasibility
with the devel opment team.

« Seect VR hardware based on visual fidelity, comfort,
maintainability, and scalability.

- Establish an iterative build loop (prototype — medical
expert review - user test - backlog).
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- Decide whether Al isused for interaction support, content
generation, or neither.

« CreateaVR onboarding tutorial and define fallback options
(cybersickness, accessibility).

Phase 4: How to Integrate

Overview

This phase focuses on the systematic integration of VR
applicationsinto medical curricula. It addressesiterative testing,
pilot studies, curricular embedding, dissemination strategies,
and long-term sustainability.

Iterative Testing During Development: Small Iteration
Evaluations With Medical (Didactic) Experts

Small iterative evaluations with medical (didactic) experts are
essential to ensure the educational validity and content quality
of VR simulations. Conducting these evaluations regularly
throughout the development process helps identify potential
issues early, ensuring that the content aligns with clinical
practices, educational goals, and frameworks such asthe NKLM
2.0. These evaluations can be organized as short, focused
sessions at the end of each development iteration. In practice,
we recommend proper documentation to ensure that feedback
is manageable and directly actionable.

Especially, iterative testing and early collaboration with health
care professionals provide essential expertise in defining
appropriate real-world medical scenarios, procedures, and
patient interactions that the simulations must replicate. Their
input is critical for ensuring that the VR environments reflect
the complexity, decision-making processes, and challenges
faced in actua clinical practice. Additionally, medical experts
help ensure that the simulations align with current medical
standards, protocols, and guidelines, which is vital for the
validity of the VR training content.

Alongside clinical accuracy, realism and user experience (UX)
should also be regularly evaluated. Feedback is then
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incorporated into subsequent iterations, allowing for continuous
refinement. In our project, we regularly tested simulation
prototypes with board-certified dermatologists to ensure the
accuracy and medical validity of the simulation. Feedback was
documented and directly influenced the next devel opment steps.

Pilot Studies: Testing the Prototype in Small User
Evaluations

Testing the prototype in small user eval uations ensures that the
product is user-friendly and aligned with the intended learning
objectives. Small-scale testing allows for early detection of
usability issues, such as interface design flaws, technical
glitches, or difficultiesin navigating withinthe VR environment.
It aso provides valuable insights into the simulation’s
effectiveness in facilitating learning and whether students can
successfully engage with the content to develop the targeted
skills or knowledge. To conduct these evaluations, asmall group
of representative users, such as medical students or clinicians,
should be selected to interact with the prototype.

Structured user testing sessions can be organized in which
participants complete specific tasks within the VR simulation
under observation. Based on our experience, this step should
precede larger-scale deployment and ideally involve 5-10
representative students to capture diverse interactions with the
VR environment. Feedback can be collected through postsession
interviews, surveys, or direct observation of user interactions.

Quantitative metrics such as task completion time and error
rates, along with qualitative feedback on ease of useand learning
experience, should be gathered and analyzed. This iterative
testing process helps identify areas for improvement before
larger-scal e deployment, ensuring that the final product is both
effective and intuitive for its target audience.

Table 2 presents an overview of the evaluation activitiescarried
out within the medical tr.Al.ning project that informed this
tutorial, feasibility evaluation, and scientific contributions, as
detailed below.

Table 2. Overview of evaluation activitiesinforming this tutorial (medical tr.Al.ning, 2021-2024).

Evaluation type Participants

Purpose/decision informed

Timing/setting

Feasibility study/curricular pilot n=140 medical students

Technical feasibility + usability/pres-
enceftask load + perceived competence

Summer term 2023; University of
Minster

across teaching unit

Feasibility study/curricular pilot n=58 medical students

Feasibility + usability/immersion/task
load/cybersickness + perceived compe-

Summer term 2023; Saarland Univer-
sity (Homburg)

tence

Iterative SME? reviews (dermatology) }Zboar d-certified dermatolo-
gists

Authoring tool workshops/usability ~ 5-7 medical educators

tests (educators)

Clinical accuracy checks; scenario real-
ism; and checklist completeness

Requirements + user interface compre-
hension + task success; and refinement

Throughout development iterations
(2022-2024)

Iterative workshops/interviews (2022-
2024)

of authoring workflow

3SME: subject matter expert.

In our project, it was important that medical teachers could
create their own VR training scenarios, even without prior VR
knowledge, by using a dedicated authoring tool. Therefore, in
an iterative process, the UX designers gathered information
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about the teachers’ wishes and needs through workshops and
interviews, leading to a user-centered design approach. Initial
functional prototypes were repeatedly tested by the teachersto
determine whether the functions were easily understood. The
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interface was devel oped through progressively refined iterations
to ensure good usability and UX, and to help teachers identify
with the authoring tool and gain the confidence to create their
own VR scenarios.

Throughout the project, we collected both qualitative data
(comments, opinions, and suggestions for improvement) and
guantitative data (time spent on tasks, error rates, and use of
specific functions) to verify design decisions and tailor the
application to specific user requirementsin an iterative process.

Integration I nto the Curriculum

Integration and Organization of the VR Course

Implementing VR-based coursesin medical education requires
meticulous planning to effectively address practical aspects.
Supervision during the course, such as by student assistants,
must be well coordinated, with clearly assigned roles for
overseeing student interactions within the VR environment and
addressing potential technical issues. Accessto dedicated rooms
and facilities equipped with VR hardware, including HMDs
and computers, isessential, and scheduling these resources must
be streamlined to avoid bottlenecks. Regular hardware and
software maintenance, including timely updates and technical
support, iscritical to ensuring smooth operation during sessions.

Both staff and students should receive an introduction to the
course design, including training on VR tools and how the
simulations align with learning objectives. To enhance the
scientific value of the project and promote continuous
improvement, we recommend that the project be scientifically
monitored through evaluation methods. This involves data
collection, such asautomatic logging of performance data, user
feedback, and assessment of learning outcomes. Where
appropriate and with prior consent, additional measures such
as external assessments or video recordings can also be used.
Finally, depending on the hardware used, it must be ensured
that al wireless components are fully charged before sessions
to allow uninterrupted use.

Depending on the course format and its learning objectives, it
may be advisable to provide alternative learning options for
students experiencing cybersickness, alowing everyone to
achieve creditable learning outcomes regardless of constraints.
Thiscomprehensive organization ensuresthe smooth integration
of VR simulationsinto the medical education curriculum while
fostering effective operation and alignment with institutional
settings.

VR Tutorial

A VR tutorial should guide users in learning to interact with
the software. The structure of the tutorial should ensure that
students learn basic interactions at the beginning, such as
teleporting and basic object interactions, before introducing
more specific functionalities, such asusing toolslike the digital
dermatoscope in the medical tr.Al.ning application.

Interactions should be demonstrated step-by-step, alowing
students to follow along and understand the controls. Later,
students should be asked to apply their knowledge without
specific instructions. For example, navigation should be among
the first skills introduced: students should learn how to move
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around thevirtual environment early in thetutorial . Subsequent
tasks should require them to navigate without further guidance,
reinforcing their understanding of movement controls through
active use. This progression from guided learning to independent
application ensuresthat, by the end of thetutorial, students have
asolid grasp of the necessary VR controls and can confidently
apply them during the actual simulation scenarios. Inthemedical
tr.Al.ning tutorial, students start in a doctor’s office and are
familiarized with the environment. Gestures and functions to
be learned are introduced within a medical context so that the
subsequent transition to the actual medica examination
simulation feelslogical and intuitive.

Extensive Feasibility Evaluation

Establishing a clear assessment strategy iscrucia to evaluating
the effectiveness and acceptance of V R-based coursesin medical
education. This strategy should incorporate both formative and
summative eval uations to measure acceptance among educators
and students, aswell as specific learning outcomes. Intheinitial
stages, conducting extensive feasibility evauations is
particularly important. These evaluations should address key
aspects such as usability, immersion, presence, cybersickness,
and subjective learning outcomes. The findings from these
studies provide valuable insights into the UX and educational
impact, allowing for the refinement of subsequent prototypes.
The respective evaluations of the medical tr.Al.ning project,
based on the first courses conducted, have been published and
are accessiblefor reference [14,25], providing detailed insights
into the feasibility and effectiveness of the approach. In
summary, both studies demonstrate technical feasibility and
positive learner reception. Students reported high usability and
immersion, alongside significantly increased self-assessed
competence following VR training. The VR implementations
were positively evaluated for their educational value while also
drawing attention to resource and cost considerations relevant
to broader curricular adoption.

By integrating these assessment practices, the project can ensure
that the VR simulations align with educational goals, meet user
expectations, and continuously improve based on empirical
feedback.

Dissemination
Public Appearance

To ensure a consistent and unified visual identity for external
correspondence, a logo should be developed to represent the
project. The creation of a logo requires careful consideration
and respect for the values of the individual working groups
within the consortium. Aniterative design process, with multiple
review cycles, ensures that team members feel a sense of pride
and unity in the final result. The logo should strike a balance
between abstraction and inclusivity to fairly represent the diverse
ideas and values contributed by all project partners. In addition,
a project website should be developed to support the project’s
public presence and facilitate contact with potential cooperation
partners. Furthermore, representation at relevant conferences
ensures vighility, provides opportunities for hands-on
experiences with the developed simulations, and opens
possibilities for future scientific collaborations.
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The logo for the medical tr.Al.ning project was developed by
designerswithin our consortium. It integrates multiple concepts
into a cohesive design. The outer shape resembles a stylized
brain, symbolizing therole of Al inthe project. The sharp angles
create the impression of a 3D ribbon, reflecting the VR
application’simmersive and realistic content. Additionally, the
line's end points suggest the head and tail of a coiled snake,
evoking the image of the Aesculapian staff, a symbol widely
associated with medicine. This thoughtful integration of
concepts underscores the project’s interdisciplinary nature and
its connection to medical education. Emphasizing the use of
Al, the letters “Al” were highlighted in the project name. The
green color of the logo was adopted asthe official project color
to create a unified visual identity. In addition to the logo and
colors, it isimportant that the interaction design and interface
of both the authoring tool and the VR environment be devel oped
in aconsistent style. Thisapproach reinforces the perception of
unity, allowing teachers and students to intuitively recognize
all elements as part of asingle, integrated system.

To further enhance visibility and outreach, a dedicated project
website was devel oped [ 26]. The website features avideo-based
project overview, illustrative images, and continuously updated
content, such as details on congress participation, publications,
and reports from project meetings. The website reflects the
essential stylistic elements of the authoring tool and VR
environment interface to ensure a clear association with the
project.

To convey professionalism and quality at conferences, the
designers created branded materials, including business cards,
leaflets, and a booth adorned with posters. These were
complemented by a hands-on setup of the VR simulation,
allowing attendeesto directly experience the application. During
public testing rounds, close attention was paid to immediate
user feedback. Such settings often bring together experts in
medical education and VR technology, providing valuable
recommendations and opening opportunities for potential
collaborations.

The project was showcased through | ectures, exhibition stands,
and workshops at various national and international congresses.
Notable eventsincluded “Wiirtual Reality” in Wurzburg, “ Shift
Medica” in Heidelberg, the German-speaking countries
(Germany, Austria, and Switzerland; DACH region) “Annual
Conference of the Association for Medical Education” (GMA)
in Osnabrick, and the “International Association for Health
Professions Education Conference” in Basel, Switzerland.

Networ king Groups

To support sustainability and foster collaborations, consortium
members should actively participate in specialized working
groups. In our case, we prioritized networking through the VR
Working Group of the GMA, taking on both active participation
and leadership roles. This working group facilitates regular
exchanges of knowledge and resources, providing updates on
relevant congresses, publications, and other critical
developmentsrelated to VR in medical education. The medical
tr.Al.ning project was presented within this context, significantly
enhancing its visibility and recognition among professional
circlesacrossthe DACH region. This exposure sparked interest
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from several universities in adopting the project following the
completion of software devel opment. Furthermore, it paved the
way for potential collaborations exploring the integration of
VR technology in medical education.

Sustainability

To ensure the value and usability of the developed project
outcomes beyond the project’slifecycle, it iscrucia to establish
a distribution solution early in the process. A significant
challengein this endeavor is ensuring the transferability of the
interface to various hardware systems. For example, in our case,
the currently utilized finger-tracking functionality of Valve's
Knuckles Controllers enables interaction with objects using
natural grasping movements. However, this feature is not
supported by most other current controller variants, necessitating
the devel opment of afully button-based alternative to maintain
compatibility across different systems.

Additionally, legal and formal considerations must be addressed
to provide clear guarantees for all stakeholders, including both
developers and end users. This involves reviewing each asset
used in the project to identify potential licensing conflicts.
Where such issues arise, suitable aternatives should be
identified and implemented to ensure the legality and
accessibility of the final product.

Providing adedicated authoring tool, medical asset library, and
open-source solutions can enable developers and medical
educators to build upon the work of the VR project.

Scientific Contributions

To provide value to the scientific community and other
developers, it is essential to disseminate collected data and
research findings through online articles and open-access
publications. In our project, several open-access articles have
been published, contributing valuable insights into the
integration of VR in medical education. These publications
address various aspects of the project, including its overall
objectives [8], students' perceptions and desires regarding the
integration of VR into medical curricula[27], ascoping review
of the current state of VR integration in medical education [1],
and specific findings from implementing a VR simulation for
skin cancer screening in the dermatology curriculum at both
clinical sitesinvolved in the project [14,25]. Collectively, these
works offer a comprehensive perspective on the project’s
potential and the evolving role of VR in advancing medical
training, serving as a resource for future research and
development in thisfield.

Key Actions (Phase 4)

« Run small usability tests (5-10 learners) before scaling to
curricular pilots.

«  Embed VR with clear staffing, room logistics, device
cleaning, and technical support.

« Use a predefined evaluation set (usability, presence, task
load, cybersickness, and learning perception).

«  Plandissemination (website, conferences, and publications)
and address licensing early.

« Define postproject ownership: maintenance, hardware
strategy, and scenario authoring workflow.
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Limitations

Several limitations should be considered when interpreting the
scope of this work, particularly regarding its context-specific
and transferable elements. Firgt, the article follows a mixed
format, combining aspects of a project report and a
practice-oriented guideline. Its primary aim is to describe the
development process of a multidisciplinary VR project rather
than to evaluate educational outcomes. Accordingly, the work
ispredominantly descriptive, and conclusionsregarding learning
effectiveness or superiority over other teaching formats cannot
be drawn from this paper.

The project was developed and implemented at 2 university
sites (Miunster and Saarland), and certain aspects are therefore
context-specific. Theseincludelocal infrastructural conditions,
availability of VR hardware, existing technical expertise, and
established interdisciplinary networks. Such factorsinfluenced
the pace and organization of the devel opment process and may
differ across ingtitutions.

At the sametime, the overarching project structure, development
workflow, and interdisciplinary coordination strategies described
in this paper are not tied to a specific institutional setting and
may be transferable to other academic environments with
comparable resources. The VR application itself is specific to
dermatological skin cancer screening, a clinical domain that
benefits from high visual fidelity and pattern recognition.
Consequently, the devel oped assets and scenariosare not directly
transferable to other medical disciplines. However, the
underlying technical framework, including the modular software
design and the Al-based generation of synthetic patient datato
address data protection concerns, represents a transferable
concept that may be adapted to other visually oriented medical
fields, albeit with appropriate domain-specific modifications.

Resource  requirements represent another  important
consideration. While the initiadl development phase was
associated with substantial investments in time, coordination,
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and technical setup, the resulting course format can be
implemented with comparatively moderate ongoing effort.
Ingtitutions without existing VR infrastructure or access to
external funding may face higher entry barriers, particularly if
limited hardware availability restricts scalability. Nevertheless,
these constraints primarily affect project initiation rather than
the applicability of the general development principles outlined
inthisarticle.

From a technical standpoint, development and testing were
conducted using a single VR system (Valve Index). Although
the software was designed with open-source compatibility and
platform independencein mind, UX and performance may vary
across different hardware environments. Finally, while the
interdisciplinary collaboration constituted akey strength of the
project, differencesin disciplinary terminology and perspectives
occasionally required additional coordination efforts. The final
VR scenario focuses on a single-player setting and therefore
only partialy representsinterpersonal and nonverbal aspects of
clinical encounters, which should be considered when
interpreting the scope of addressed competencies.

Conclusions

This tutoriad trandates the 3-year, multiinstitutional
implementation experience of medical tr.Al.ning into apractical,
phase-based workflow for educators and devel opers who want
to establish VR in medical curricula. Across the 4 phases
detailed in this tutorial, the central message is that successful
VR adoption depends less on technology alone than on aclear
educational rationale, interdisciplinary coordination, iterative
feedback loops, and early planning for sustainability and
dissemination.

The following conclusions summarize the key steps and
recommendations of this tutorial and synthesize the central
lessons |earned from devel oping and integrating VR coursesin
medical education (Textbox 2).
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Textbox 2. Key steps and recommendations.

1. Identify and justify educational needs

Before integrating a virtual reality (VR) course into the medical curriculum, conduct a comprehensive needs assessment to identify specific gapsin
the curriculum. Ensure that VR adds unique value by addressing these gaps and improving the curriculum, rather than simply replacing existing
teaching methods.

2. Assemble an interdisciplinary team

Form a diverse team with expertise in medical education, computer science, 3D design, user experience/user interface design, and VR development.
Clearly defineroles, including project managers, didactic coordinators, and technical coordinators, to streamline responsibilities and collaboration.

3. Define clear project goals and milestones

Set specific, measurable goals and milestones aligned with the desired educational outcomes early on, such asimproving procedural skillsor clinical
decision-making. Establish clear deadlines to track progress effectively.

4. Use a structured project management framework

Implement a project management framework to organize development tasks, enable regular feedback loops, and ensure iterative progress throughout
the project life cycle.

5. Align VR content with competency-based lear ning objectives

Design VR simulations to align with competency-based educational guidelines, ensuring relevance and standardization. This alignment ensures that
the ssimulations directly support the desired learning outcomes.

6. Conduct iterative testing and evaluation

Perform regular, small-scale evaluations with medical, didactic, and user experience experts during development. This iterative approach ensures
clinical accuracy, pedagogical effectiveness, and usability before broader deployment.

7. Choose appropriate VR hardware and infrastructure

Select VR hardware that meets the project’s performance, comfort, and scalability needs. Ensure the infrastructure supports reliable use, including
dedicated space, stable network connectivity, and regular maintenance protocols.

8. Organize efficient communication and data management

Establish clear communication channels integrated with project management tools. Utilize a central platform for updates, task tracking, and data
sharing to avoid confusion and ensure a consistent information flow among team members.

9. Integrate VR into the curriculum thoughtfully

Plan for the seamless integration of VR into the existing curriculum early on, and train all educators and assistants to feel comfortable with the
technology. Technical support should be readily available.

10. Plan for long-term sustainability and dissemination

Address sustainability early, including transferability to other hardware and legal aspects such aslicensing. Promote the project through aprofessional
website, conferences, and open-access publications to ensure visibility and encourage adoption by other institutions.
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