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The development of virtual reality—-based psychotherapies requires interdisciplinary teams of subject matter
experts, including technical and clinical experts. Such teams benefit from a “bridge”"—either an existing team
member with knowledge of multiple disciplines or, in the absence of a bridge member, a focused
understanding of the norms and content of other involved fields. This article explores a collaboration
between technical and clinical professionals developing immersive environments for treating posttraumatic
stress disorder and moral injury in health care workers. This type of collaboration can generate valuable
insights that guide the development of effective and targeted treatments. This article details the processes
of establishing communication, identifying and overcoming differences in work expectations and
knowledge, and how the team addressed critical issues during this process.
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Introduction

Human-computer interaction (HCI) is an interdisci-
plinary field by nature. For example, developing virtual
reality (VR) applications is an interdisciplinary pro-
cess, as these applications often aim to digitally repre-
sent objects and events drawn from the physical world,
requiring domain experts to collaborate with experts
in VR to ensure accuracy. VR in medicine has
expanded rapidly in recent years, propelled by the
emergence of affordable, user-friendly VR technologies
and a growing body of clinical studies demonstrating

the efficacy of VR-based interventions across diverse
clinical settings.' This article details a collaboration
between technical and clinical professionals to develop
VR environments to treat posttraumatic stress disorder
(PTSD) and moral injury in health care workers
(HCWs). Our contribution consists of formative col-
laboration and design practices, but does not report
patient outcomes, feasibility metrics, engagement,
dropout, or long-term effects in this phase.

Although such cross-disciplinary collaborations have
benefits, they also raise challenges due to differences in
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areas of expertise, language/semantics, and commu-
nication norms between the two groups. These con-
cerns are best addressed through a bridge, a person
who can translate ideas between fields and help the
team align expectations, terminology, and goals. A
bridge may be a single member with experience in
both areas, or a role collectively filled when all mem-
bers make the effort to understand each other’s work
practices. Throughout this article, we use “bridge” to
mean a person who connects groups by translating
terms, coordinating work, and maintaining a shared
understanding.

Here, we use an HCI—clinician collaboration on
developing a VR environment for PTSD and moral
injury in HCWs as a case study. Developing VR thera-
pies requires both clinical knowledge of PTSD and
moral injury treatment and technical skill in creating
immersive virtual environments. This collaboration
benefited from the experience of two members who
served as bridges, acting as translators who connected
clinical goals with technical design decisions. The
principal investigator (PI) on the clinical side has had
extensive experience developing prototypes of VR
simulations, developing and implementing the treat-
ment applications of VR, working in interdisciplinary
collaborations in academia and industry, and direct
clinical experience providing patient care. The PI on
the HCI side had experience in clinical settings,

in addition to previous collaborations with clinicians.
In this article, we characterize three stages of the col-
laboration and describe four types of challenges the
team faced and solutions they identified.

Our contributions are as follows:

1. We describe a case study of developing a VR
module for pilot testing in a patient population of
HCWs. This environment is shown in Figure 1.

2. We make recommendations for collaborations
between health care experts and HCI research-
ers and generalize these to collaborations on
building VR environments more generally.

Related Work

Below, we summarize work on HCI-clinician teams,
collaborative design for VR, and VR for PTSD, focus-
ing on findings that directly inform our case.

HCl—clinician research collaborations

Projects that combine clinical and technical expertise
report recurring challenges around misaligned goals,
timelines, and evaluation standards.”™” Collaboration
quality is strongly tied to boundary-spanning com-
munication, shared terminology, and clarity about
clinical constraints such as privacy and workflow.**
Practical barriers in hospital settings, including
Institutional Review Board (IRB) processes and

who are intubated.

FIG. 1. Image of the virtual ICU environment created using an existing ICU model for the project.* The
environment has hospital beds, health care workers in full personal protective equipment, and patients
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security requirements, often elongate iteration cycles
and limit access to end users.'®'" Our account focuses
on how a designated bridge role and lightweight feed-
back materials (e.g., screenshots, short videos, and
change logs used during iteration) helped reduce these
frictions in practice.

Conceptual framework for collaboration

Our analysis draws on three perspectives from the liter-
ature on interdisciplinary teamwork. First, we adopt the
idea of boundary-spanning roles from team science,
which emphasizes explicit coordination and transla-
tion across domains with differing vocabularies and
norms.*® Second, frameworks that highlight the impor-
tance of role clarity, feedback cycles, and compatibility
between technical systems and clinical workflows.”
Finally, we incorporate communication alignment prin-
ciples from human factors and organizational psychol-
ogy, which stress shared mental models and iterative
feedback as predictors of effective collaboration. We
apply these lenses descriptively rather than theoretically,
using them to interpret how bridge members facilitated
shared understanding, structured iteration, and reduced
friction between technical and clinical subteams. Fig-
ure 3 maps the collaboration structure of roles and
handoffs. We emphasize three constructs throughout:
role clarity and boundary spanning (team science),
compatibility with clinical workflow (implementation
science), and shared mental models (human factors).

Collaboratively designing VR experiences

Interdisciplinary teams frequently adopt collaborative
or co-design methods to bring clinical knowledge into
early prototyping.'>"> Techniques include structured
co-design sessions, quick iterative builds, and visual
prompts that make assumptions explicit."*'> Prior VR

efforts show these methods can accelerate alignment on
what details matter for fidelity without overinvesting in
early asset polish.''” We follow this pattern and
emphasize neutral placeholders and cue prioritization
to keep stakeholders focused on behavior and flow.

Application of VR for PTSD and moral

injury treatment

Exposure therapy (ET) is an efficacious psychotherapy
treatment for PTSD." ET involves repeated reengage-
ment with the trauma memory to facilitate emotional
processing and reduce cognitive and behavioral avoid-
ance.'® Despite its efficacy, some individuals may expe-
rience difficulty engaging and immersing themselves
in imaginal exposure, limiting the therapeutic gains."®
VR has emerged as a tool to facilitate engagement
during exposure, and Virtual reality exposure therapy
(VRET) has demonstrated efficacy as a treatment
for PTSD.> VRET immerses patients in controlled,
trauma-relevant simulations to activate the trauma
memory, support therapeutic processing, and reduce
avoidance.>*® The multisensory nature of VR may
help patients access trauma-relevant memories and
emotions more readily than traditional imaginal
exposure.”’

Early work using VR to treat PTSD in individuals
affected by September 11, 2001, was pioneered by
Difede and colleagues.>*>*" This study set the frame-
work for two decades of research developing and test-
ing VR prototypes in the treatment of PTSD for
various types of trauma, including the World Trade
Center disaster>***! and combat exposure,** generat-
ing robust data from numerous randomized con-
trolled trials that established VRET as an efficacious
treatment for PTSD. Further, a recent study suggests
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that VRET may be more efficacious for PTSD patients
with comorbid depression.*” This finding is particu-
larly important given that comorbid depression is a
significant predictor of worse outcomes with PTSD
and co-occurs in about half of individuals who carry a
primary diagnosis of PTSD.*

Although VRET has demonstrated efficacy for the
treatment of PTSD in a range of diverse populations,
its use remains understudied in HCWs. HCWs are
routinely exposed to human suffering and death
throughout their occupational duties and thus experi-
ence elevated rates of psychiatric conditions, such as
PTSD.***” Many HCWs also struggle with moral
injury, a form of psychological distress that can result
from situations when they witness, participate in, or
are unable to prevent actions that violate their values
that are often due to institutional- or resource-based
constraints. Although the use of VR to address moral
injury is less studied than its application for PTSD,
early VR simulations for moral distress in HCWSs sug-
gest that immersive scenarios can help clinicians
reflect on ethically challenging events and coping
strategies.”®* Moral injury typically arises when indi-
viduals perceive that they have violated deeply held
ethical beliefs or were constrained from acting accord-
ing to them.”® VR can support therapeutic goals for
moral injury by enabling guided reexposure to
morally salient scenarios, structured perspective tak-
ing across roles, and reflective narrative reconstruc-
tion with clinician support. In our intensive care unit
(ICU) module, these affordances informed design
choices such as controlled replay of critical decisions,
role-based scene variation, and neutral cues to foster
reflective distance and facilitate cognitive restructur-
ing. We view these as design hypotheses to be
explored in later pilot studies.

In this case study, we focus on design and collabo-
ration choices that improve contextual fidelity for
ICU scenarios and on documenting the cross-
disciplinary workflow that prepares for a feasibility
pilot. We do not report patient outcomes in this
phase. These mechanisms directly informed our ICU
module choices (e.g., controlled replay of ethically
salient moments and role-based scene variation),
which we detail in the Case Study section.

Case Study—PTSD and Moral Injury Module
The aims of the VR module developed by our team
were to: (1) develop personalized virtual environments

targeted to HCWs suffering from PTSD and related
comorbidities, such as moral injury resulting from the
COVID-19 pandemic, and (2) prepare materials and
procedures for a future pilot study evaluating feasibility
and clinical outcomes.

One long-term aim of the project was to incorporate
personalization of both the patient-avatar and other
avatars in the scene. In this case, personalization refers
to creating an avatar that resembles the person’s physi-
cal body.’" In the current design and prototyping
phase, we implemented and tested this capability with
research staff rather than patients.

Through personalization, we aimed to increase a
patient’s sense of body ownership and make them feel
more present. This would facilitate further development
of interventions targeted to the common comorbidities
of PTSD, such as moral injury and depression.”"

Allowing patients to customize therapeutic content
may support motivation and perceived treatment fit.
Meta-analytic work suggests that preference-congruent
care is associated with modest improvements in out-
comes across psychotherapy contexts.”> Evidence on
personalization reducing dropout or improving long-
term outcomes in PTSD specifically remains limited;
we therefore treat personalization as a design hypothe-
sis to be evaluated in future clinical studies rather than
a demonstrated effect in this study.

Adding avatar personalization (letting patients
match the avatar to their body) was novel for VRET
in our setting. It also surfaced differences in which
details mattered most, showed hardware limits we
had to work within, and raised privacy questions,
which we discuss below.

Clinicians noted that team composition and role
visibility are central to ICU realism and to clinical
narratives related to PTSD and moral injury. To sup-
port contextual fidelity and role salience without
increasing risk, we adjusted nonself avatars at the level
of role, posture, and task sequencing (e.g., a nurse at
bedside or a respiratory therapist at the ventilator)
rather than identifiable facial geometry. The goal is to
cue teamwork dynamics and environmental meaning
making while keeping identity features neutral.

Team structure

Author/team member experience varied from subject
matter experts working in both technical and medical
fields for decades to undergraduate research assis-
tants. HCI collaborators included a PI with extensive
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experience in VR research and many projects with a
health care focus. A PhD student led a team of under-
graduate research assistants on the project with a
range of VR experiences. Clinical collaborators con-
sisted of a PI housed at a medical college with exten-
sive experience developing virtual environments,
implementing clinical research trials, and leading
interdisciplinary teams and medical VR projects; a
postdoctoral fellow in psychology who had previously
worked as an emergency medical technician; and a
clinical psychology PhD student specializing in
trauma and health psychology research. One postbac-
calaureate coordinator, jointly employed by both the
clinical and HCI labs, had experience in clinical VR
research and served as a third bridge, facilitating com-
munication and shared understanding between teams.
The clinical team was also uniquely positioned for
this collaboration due to firsthand experience with the
subject environment, as several team members had
personal experience working in hospitals during the
early days of the pandemic.

The HCI and clinical groups had separate and joint
team meetings. The channels between this team and
the clinical team remained narrow, and many of the
undergraduate research assistants (RAs) were rela-
tively unaware of the clinical side of the project, occa-
sionally leading to development decisions that
required later clinical correction. However, this
improved efficiency by minimizing meetings. When
undergraduate RAs expressed interest in the clinical
side of the project, they then needed to be onboarded
and receive training on team norms, which helped
develop them into bridge roles and prevented future
misalignment.

Challenges arose during the project due to team
dynamics and logistical issues. Both PIs belonged to
teaching institutions, and members changed as stu-
dents either graduated or moved on to other projects.
This turnover caused the loss of project knowledge
and required time to train new members. This took
time and resources as new members had to be
brought up to speed on the project’s goals, methodol-
ogies, and status.

Several forms of communication were critical to
the project. The team used both weekly meetings and
an ongoing email thread for sharing general updates.
The HCI and clinical PIs communicated via regular
remote meetings and texts. The HCI researchers also
communicated via Slack. At weekly meetings, the

HCI team demonstrated the current state of the appli-
cation. The clinical team gave feedback on the proto-
type and suggested ways to make it easier to apply
and use in patient care settings. Build updates and
video demonstrations of the environment were regu-
larly shared with the team via email. A detailed,
shared log contained all changes to the environment
as the build progressed. The application and versions
were saved on GitHub, and changes were tracked
using the GitHub release system, but all changes were
also listed when sharing the new application over
email to the clinical team, since they were unfamiliar
with GitHub. In-person meetings were rare due to
distance. While digital communication tools like
Zoom worked well for screen sharing, face-to-face
interactions were more advantageous when setting up
equipment.

Timeline

The project began with a series of discussions and
iterative feedback from medical experts across multi-
ple disciplines (e.g., physicians, nurses known to the
medical college-based team) to identify key visual and
aural elements (Fig. 2).

Interviews were conducted to receive feedback on
the design of the VR application. Stock images were
presented to frontline HCWs, and a process of itera-
tive feedback was used to elicit feedback on what
important elements were necessary to evoke a feeling
of being in a COVID-19 ward during the height of
the lockdown. These interviews were conducted with
those within the medical college PI's personal net-
work. The PI and several team members at the medi-
cal college led the interviews, drawing on extensive
prior experience building VR prototypes, particularly
due to the potential distress these conversations could
elicit.

The HCI team then built the prototype environ-
ments, beginning with preexisting assets and incorpo-
rating the customization features. Next, the HCI team
worked with the clinical team to develop desktop ver-
sions of the environments, incorporating iterative
feedback on the visual and audio aspects of the virtual
environment, and the virtual clinicians shown in the
scene. The team then deployed the environment to
different headsets to test usability.

Formative clinician feedback and design impact
The primary evaluation data came from the clinical
members of our team, who provided detailed
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FIG. 3. Interdisciplinary collaboration workflow with three lanes: clinical team, bridge, and HCI team.
Boxes show key activities per lane with vertical flow; horizontal arrows show handoffs and feedback. HCl,
human-computer interaction.
\ v

feedback during iterative walkthroughs of each build.
Their input focused on three main areas: (1) ensuring
realism in clinical cues such as alarm cadence, moni-
tor readouts, and staff behavior; (2) using neutral pla-
ceholders to reduce distraction during early scene
development; and (3) calibrating avatar personaliza-
tion options to respect patient comfort. This feedback
led us to swap detailed placeholders for mannequins,
fine-tune alarm timing, adjust room props for clinical
usability, store all sensitive data locally, and create a
short onboarding guide for consistent deployment.

Mismatches in clinical/HCl expectations

Differences between clinical and HCl settings.  Differ-
ences in protocol between clinical and HCI settings
became apparent at the beginning of the project. A
major area where protocol differences appeared was in
expectations for privacy, formality, and communication.
Clinical team members prioritized Health Insurance
Portability and Accountability Act (HIPAA) compli-
ance and formal professional norms, while HCI mem-
bers tended to use more informal communication
styles. These differences were quickly identified and
incorporated into onboarding materials so that new
team members could adjust to the interdisciplinary set-
ting without confusion.

Integrating content and development expertise. Though
adept at creating immersive VR experiences, the HCI
researchers lacked knowledge about the nuances of an
ICU setting needed to build a virtual environment
that would serve as a platform for the effective treat-
ment of PTSD and moral injury. Their primary focus
was to ensure that the development was feasible and
that the environment was stable. Given the clinical
team’s extensive experience developing and testing
VR environments in multiple medical settings, they
were uniquely suited to bring insights about the real-
world appearance and dynamics of an ICU that
needed to be included in a virtual environment to
provide clinically effective results for this patient pop-
ulation. Thus, the clinical team monitored and cor-
rected environmental (i.e., medical equipment
positioned unrealistically) and situational (i.e., unre-
alistic vital signs cycling) inaccuracies that would
potentially distract patients or prevent a patient
from engaging with the trauma memory. The con-
fluence of these two sets of expertise was crucial in
ensuring that the VR environment captured the
essence of an ICU and remained technologically sta-
ble. However, sequencing this valuable feedback
appropriately within the development workflow cre-
ated several challenges.
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For example, different perspectives arose on the use
of placeholder elements. In development, using a place-
holder element is often appropriate to block out scenes
before focusing on more detailed aspects. However,
inaccuracies can be highly salient to experts. For exam-
ple, when composing the scene, a single generic doctor
avatar was used multiple times as a placeholder to
determine where “doctors” (agent-avatars) would be
positioned and how these would be animated. Because
diversity in assets is often a challenge in this space,>
the HCI team wanted to determine placement first
before creating or modifying assets to represent a
diverse workforce. However, the clinicians were correct
in pointing out that the placeholder was unrepresenta-
tive of the population and would thus be distracting.
This led to the insight that placeholder elements them-
selves needed to be selected to be as neutral or low-
resolution as possible—in other words, rather than
using a detailed model of a doctor as a placeholder, it
would be better to use a featureless mannequin to block
out position and animation, to clearly communicate
that the details of appearance were to follow. Another
suggested technique was to visually indicate which
aspects would be targets for future customization. For
example, the texture of the avatars could be removed
so that they appeared as gray silhouettes instead of
detailed full-color avatars.

Technical challenges and development priorities
also needed to be clearly conveyed between teams.
Given that resources are inevitably limited, the HCI
team needed to convey the relative difficulty of modi-
tying elements of the environment. With this infor-
mation, the clinical team could then select the
elements that were essential to representing a critical
care environment. They could then discuss alterna-
tives for time-consuming or computationally expen-
sive features; for example, creating an image that
could be used to simulate the contents of a shelf
rather than individually modeling each object.

When prototyping, using existing assets as a basis
for ideation was more efficient than asking HCWs to
generate content from scratch. To facilitate this, the
HCI team provided preliminary screenshots of envi-
ronmental elements, which were then used as visual
cues during Zoom discussions, and mutual under-
standing was refined using “on-the-fly” searches. The
3D environment for these prototypes was sourced
from TurboSquid, an online model store, but HCI
participants needed to guide clinical team members to

focus on details that were harder to model, like the
specific equipment, rather than quick, easy changes
like the color of the walls or the configuration of the
curtains. The clinical team had the knowledge of the
essential sights, sounds, and behaviors needed to cre-
ate appropriate animations, but needed to learn to
convey highly specific details (and in some cases,
source their own reference materials, such as ventila-
tor sounds) rather than rely on the HCI team mem-
bers’ lay understanding of the hospital environment.
For example, when tasked with finding models of sick
patients, the HCI team initially selected animations of
patients coughing violently, not knowing that very ill
COVID patients would be lying still due to sedation.
In addition to visual attributes, care was taken to
ensure that the sounds mimicked those of a real ICU,
producing realistic alarms in an appropriate pattern,
and footsteps and distant conversations outside the
door to induce the feeling of presence in a larger
hospital.

Technical limitations. The clinical team expressed
the benefit of portable VR headsets. However, a more
powerful nonportable system allowed for higher fidel-
ity visuals to show clinicians how the environment
would look and give the developer feedback on what
to modify. Once the team decided to use a tethered
headset to run the environment, it had to be properly
stationed in the area where therapy would be con-
ducted, which required materials to be developed to
coach clinical teams in downloading and installing
the new versions onto the headsets. The virtual envi-
ronment had to be tested to ensure the VR headset
was capable of running the application.

The environment was later optimized to allow us to
deploy the system on a portable headset. Utilizing a
portable headset allows for greater use of the system,
but requires significant focus on the system’s per-
formance, potentially taking much time. HCI team
members also needed to balance accuracy and costs,
including optimizing models. Thus, prioritizing which
models needed to be highly detailed, and which could
be rendered in less detail, for example, the contents of
cabinets were a constant point of discussion.

Data and privacy. During development, we used
scanned avatars of research staff to test personalization
workflows; however, using patients’ actual faces would
be protected health information. Thus, any avatar per-
sonalization technique, as with any software platform
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involved in this project, needed to be HIPAA compli-
ant. In this phase, no patient-avatar scans were col-
lected. The most tenable solution was to run the app
on a local server, meaning it would never be uploaded
to the cloud and would only be stored on lab devices.
However, many consumer applications lack the capa-
bility or willingness to work with labs to ensure secure
information storage.

Similarly, a rich information source about user
experience in VR comes from the tracked movements
of the participants, which creates a detailed record of
what each user did and experienced in the virtual
environment. A data recording system was developed
to continuously record while the experiment runs,
collect all the data from the headset’s position to the
room’s state, and save it as a comma-separated values
(CSV) file. However, this collection needs to comply
with clinical regulatory concerns, notably HIPAA reg-
ulations, the local medical college’s IRB, and cyberse-
curity standards. Privacy and compliance issues were
important to discuss at the beginning of the imple-
mentation of these applications to ensure that proper
considerations could be accommodated within the
given time frame.

To preserve privacy, all nonparticipant characters
were represented with generic avatars whose appear-
ance could not identify any real person. Optional self-
avatar scans, when used, were stored only on encrypted
local devices under IRB-approved access controls; no
cloud storage was used.

Discussion, Limitations, and Next Steps

Our collaboration developing VR therapies for PTSD
and moral injury in HCWs highlighted key challenges
in combining HCI and clinical expertise. Similar to
prior work balancing technical and clinical goals,® we
focused on creating realistic scenes and enabling ava-
tar personalization.'***

Our case study on HCI-clinician collaboration
emphasizes effective communication between diverse
teams as essential for project success.® The use of col-
laborative design methods allowed for active clinical
team participation, ensuring our VR environments
were both stable and accurate for clinical use.** The
VR environment development involved three key
stages: (1) information gathering, which involved
interviews with HCW's and required navigating cul-
tural differences between clinical and HCI settings;
(2) building, focused on balancing detail and

efficiency in VR prototyping while ensuring technical
accuracy and maintaining project momentum; and
(3) deployment and testing, in which HCI and clinical
experts worked together to make sure the headsets
could run the app and that we met privacy and secu-
rity standards for use in the hospital. Each stage high-
lighted the need for aligning technical capabilities
with medical requirements, showcasing the benefits
and challenges of working across teams in health care
technology.

We interpret the bridge role and our cross-team
practices through established collaboration and imple-
mentation constructs, including boundary-spanning
roles in team science, communication, and workflow
alignment from implementation frameworks (e.g., role
clarity, feedback cycles, and compatibility). We use
these constructs descriptively to explain why early
bridge designation, shared terminology, and cue pri-
oritization improved fit between technical feasibility
and clinical routines in our case.

Insights from clinician walkthroughs highlighted
the importance of selectively adding detail to virtual
environments. Clinicians emphasized that realism
cues tied to ICU practice (e.g., alarm variability, mon-
itor logic) were most important for perceived fidelity.
These inputs informed our cue prioritization for sub-
sequent versions of the environment; no patient out-
comes were collected in this phase.

Successful collaboration required learning about
each field through short immersive exchanges, such as
HCI team visits to the hospital setting. Clear onboard-
ing and communication helped members understand
each other’s roles and priorities. Establishing group
norms that value all members’ expertise fostered
mutual understanding and belonging across teams.

We highlight the importance of designating a bridge
to coordinate communication, clarify expectations,
and maintain shared understanding across technical
and clinical teams. Early alignment on communication
patterns, such as how often teams meet and how feed-
back is exchanged, shared terminology, and clinician
involvement in early prototypes, helps prevent mis-
steps and keep projects cohesive. These practices set
the foundation for the more detailed, transferable steps
outlined below.

What makes this research unique is that it reflects
the essence of HCI, as it is adaptive and aims to serve
an ever-changing environment. With the effects of
COVID-19 on HCWs and the broader community, it
is vital for the medical community to work to
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ameliorate the hazardous effects of the pandemic. A
significant aspect of this evolution involves caring for
the workers who provide care. With systems such as
the ones we are working on, it is not only HCWs that
benefit from the technology but also all patients that
come into contact with these workers.

Guidelines and roadmap for XR-health collaborations
We summarize the collaboration workflow in Figure 3,
then distill practical steps for future teams:

e Establish a clear bridge role early in the project
and define its responsibilities so translation, deci-
sion tracking, and cross-team alignment happen
continuously rather than on an ad hoc basis.

e Align expectations using shared artifacts such as
simple visuals, a short terminology glossary, and
a living change log that links feedback to result-
ing actions to reduce semantic drift.

e Begin with low-fidelity builds that use neutral
placeholders to keep attention on workflow,
timing, and safety rather than surface detail.

e Prioritize realism cues that clinicians identify as
most consequential for perceived fidelity, such
as monitor logic or alarm cadence, and imple-
ment those elements first.

e Iterate in a visible and accountable manner so
every comment is either addressed or docu-
mented as a tradeoff, which sustains trust and
forward momentum.

e Address privacy and regulatory constraints at
the start of the collaboration, and keep data
pathways minimal and local when possible to
simplify compliance.

e For moral injury scenarios, design scenes to
support perspective taking and reflective mean-
ing making rather than straightforward expo-
sure, using role variation and controlled replay
to scaffold discussion.

e Use structured communication, ethical aware-
ness, and staged fidelity as the foundation for
later feasibility and outcome studies.

Conclusion

Across extended reality for health (XR-health) projects
and, more broadly, any collaboration between HCI
teams and domain experts, a dedicated bridge role can
improve clarity and alignment. Bridge members help
translate terminology, surface constraints early, and
maintain shared expectations as prototypes evolve. Our

case shows that combining this role with structured
communication reduces friction and supports more
effective co-development. These practices can strengthen
interdisciplinary teamwork in future XR-health initia-
tives and other technical-domain partnerships. A long-
term goal of this ongoing project is to incorporate avatar
personalization, but due to data safety concerns, discus-
sions are still ongoing regarding how to ensure HIPAA
compliance.

Authors’ Contributions

J. L Segal: Conceptualization; Methodology; Soft-
ware; Investigation; Data curation; Analysis; Writing—
original draft; Writing—review and editing; Project
administration. Michael L. Turman: Conceptualization;
Methodology; Investigation; Resources; Writing—
review and editing. Mariel Emrich: Investigation; Data
curation; Analysis; Writing—review and editing. S. Isa-
belle McLeod Daphnis: Investigation; Data curation;
Writing—review and editing. Samuel Rodriguez: Inves-
tigation; Data curation; Software; Writing—review and
editing. JoAnn Difede: Conceptualization; Methodol-
ogy; Supervision; Project administration; Writing—
review and editing. Andrea Stevenson Won: Conceptu-
alization; Methodology; Supervision; Project adminis-
tration; Writing—review and editing.

Author Disclosure Statement
No competing financial interests exist.

Funding Information
This work was funded in part by a Cornell University
Multi-Investigator Seed Grant to ].D. and AS.W.,
as well as a grant to J.D. from the Max and Lillian
Rappaport Foundation.

References

1. Powers MB, Halpern JM, Ferenschak MP, et al. A meta-analytic review of
prolonged exposure for posttraumatic stress disorder. Clin Psychol Rev
2010;30(6):635-641; doi: 10.1016/j.cpr.2010.04.007

2. Difede J, Olden M, Cukor J. Evidence-based treatment of post-traumatic
stress disorder. Annu Rev Med 2014;65(1):319-332; doi: 10.1146/
annurev-med-051812-145438

3. Turman ML, Olden M, Emrich M, et al. Virtual reality exposure therapy. In:
Prolonged Exposure for PTSD: Innovations to Improve Access, Engage-
ment, and Outcomes. (McLean CP, Goetter EM eds) Springer Nature
Switzerland: Cham; 2024; pp. 63-84; doi: 10.1007/978-3-031-72720-7_4

4. TurboSquid R. Icu Scene Model - TurboSquid 1533489. TurboSquid 2020.

5. Blandford A. Lessons from working with researchers and practitioners in
healthcare. Interactions 2018;26(1):72-75; doi: 10.1145/3292023

6. Blandford A. HCI for health and wellbeing: Challenges and opportuni-
ties. International Journal of Human-Computer Studies 2019;131:41-51;
doi: 10.1016/j.ijhcs.2019.06.007

7. Mamykina L, M. Smaldone A, R. Bakken S, et al. Scaling up HCl research:
From clinical trials to deployment in the wild. In: Extended Abstracts of


http://dx.doi.org/10.1016/j.cpr.2010.04.007
http://dx.doi.org/10.1146/annurev-med-051812-145438
http://dx.doi.org/10.1146/annurev-med-051812-145438
http://dx.doi.org/10.1007/978-3-031-72720-7_4
http://dx.doi.org/10.1145/3292023
http://dx.doi.org/10.1016/j.ijhcs.2019.06.007
http://online.liebertpub.com/doi/10.1177/29941520261419919

Segal, et al.; Journal of Medical Extended Reality 2026, 3
http://online.liebertpub.com/doi/10.1177/29941520261419919

20.

21.

22.

the 2021 CHI Conference on Human Factors in Computing Systems
ACM: Yokohama Japan; 2021; pp. 1-6; doi: 10.1145/3411763.3443437

. Agapie E, Haldar S, Poblete SG. Using HCl in cross-disciplinary teams:

A case study of academic collaboration in HCl-health teams in the US
using a team science perspective. Proc ACM Hum-Comput Interact
2022;6(CSCW2):1-35; doi: 10.1145/3555610

. Blandford A, Berndt E, Catchpole K, et al. Strategies for conducting situ-

ated studies of technology use in hospitals. Cogn Tech Work 2015;17(4):
489-502; doi: 10.1007/s10111-014-0318-7

. Buis LR, Huh-Yoo J. Common shortcomings in applying user-centered

design for digital health. I[EEE Pervasive Comput 2020;19(3):45-49; doi:
10.1109/MPRV.2020.2997615

. Huh-Yoo J, Rader E. It's the wild, wild west: Lessons learned from IRB

members’ risk perceptions toward digital research data. Proc ACM Hum-
Comput Interact 2020;4(CSCW1):1-22; doi: 10.1145/3392868

. Hernandez Hernandez ME, Michalak E, Choudhury N, et al. Co-design of a

virtual reality cognitive remediation program for depression (bWell-D) with
patient end users and clinicians: Qualitative interview study among patients
and clinicians. JMIR Serious Games 2023;11:e43904; doi: 10.2196/43904

. Taylor A, Murakami M, Kim S, et al. Hospitals of the future: Designing

interactive robotic systems for resilient emergency departments. Proc
ACM Hum-Comput Interact 2022;6(CSCW2):1-40; doi: 10.1145/3555543

. Sanders E, Stappers PJ. Co-creation and the new landscapes of design.

CoDesign 2008;4(1):5-18; doi: 10.1080/15710880701875068

. Visser FS, Stappers PJ, Lugt RV D, et al. Contextmapping: Experiences from

practice. CoDesign 2005;1(2):119-149; doi: 10.1080/15710880500135987

. Kersting M, Bondell J, Steier R, et al. Virtual reality in astronomy educa-

tion: Reflecting on design principles through a dialogue between
researchers and practitioners. International Journal of Science Educa-
tion, Part B 2024;14(2):157-176; doi: 10.1080/21548455.2023.2238871

. Mei Y, Li J, De Ridder H, et al. CakeVR: A social virtual reality (VR) tool for

co-designing cakes. In: Proceedings of the 2021 CHI Conference on
Human Factors in Computing Systems ACM: Yokohama Japan; 2021;
pp. 1-14; doi: 10.1145/3411764.3445503

. Foa E, Hembree E, Rothbaum BO. Prolonged Exposure Therapy for

PTSD: Emotional Processing of Traumatic Experiences. 1st edition.
Oxford University Press: Oxford; New York; 2007.

. Schottenbauer MA, Glass CR, Arnkoff DB, et al. Nonresponse and dropout

rates in outcome studies on PTSD: Review and methodological considera-
tions. Psychiatry 2008;71(2):134-168; doi: 10.1521/psyc.2008.71.2.134
Difede J, Hoffman HG. Virtual reality exposure therapy for World Trade
Center post-traumatic stress disorder: A case report. Cyberpsychol
Behav 2002;5(6):529-535; doi: 10.1089/109493102321018169

Difede J, Cukor J, Jayasinghe N. Virtual reality exposure therapy for the
treatment of posttraumatic stress disorder following September 11, 2001.
J Clin Psychiatry 2007;68(11):1682-1689; doi: 10.4088/JCP.v68n1102
Difede J, Rothbaum BO, Rizzo AA, et al. Enhancing exposure therapy for
posttraumatic stress disorder (PTSD): A randomized clinical trial of vir-
tual reality and imaginal exposure with a cognitive enhancer. Trans| Psy-
chiatry 2022;12(1):299; doi: 10.1038/s41398-022-02066-x

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

10

Koenen KC, Ratanatharathorn A, Ng L, et al. Posttraumatic stress disor-
der in the World Mental Health Surveys. Psychol Med 2017;47(13):
2260-2274; doi: 10.1017/50033291717000708

Berge KH, Seppala MD, Schipper AM. Chemical dependency and the
physician. Mayo Clin Proc 2009;84(7):625-631.

Berger W, Mendlowicz MV, Marques-Portella C, et al. Pharmacologic
alternatives to antidepressants in posttraumatic stress disorder: A sys-
tematic review. Prog Neuropsychopharmacol Biol Psychiatry 2009;33(2):
169-180; doi: 10.1016/j.pnpbp.2008.12.004

Cottler LB, Ajinkya S, Merlo LJ, et al. Lifetime psychiatric and substance
use disorders among impaired physicians in a physicians health pro-
gram: Comparison to a general treatment population: Psychopathology
of impaired physicians. J Addict Med 2013;7(2):108-112; doi: 10.1097/
ADM.0b013e31827fadc9

Starr KT. The sneaky prevalence of substance abuse in nursing. Nursing
(Brux) 2015;45(3):16-17; doi: 10.1097/01.NURSE.0000460727.34118.6a
Sivanathan M, Espinola CW, Uribe Quevedo A, et al. Development of
content for a virtual reality simulation to understand and mitigate moral
distress in healthcare workers. Cureus 2022;14(11):e31240; doi: 10.7759/
cureus.31240

Espinola CW, Nguyen B, Torres A, et al. Digital interventions for stress
among frontline health care workers: Results from a pilot feasibility
cohort trial. JMIR Serious Games 2024;12(1):e42813; doi: 10.2196/42813
Cartolovni A, Stolt M, Scott PA, et al. Moral injury in healthcare professio-
nals: A scoping review and discussion. Nurs Ethics 2021;28(5):590-602;
doi: 10.1177/0969733020966776

Waltemate T, Gall D, Roth D, et al. The impact of Avatar personalization
and immersion on virtual body ownership, presence, and emotional
response. IEEE Trans Vis Comput Graph 2018;24(4):1643-1652; doi: 10
.1109/TVCG.2018.2794629

Swift JK, Callahan JL, Cooper M, et al. The impact of accommodating cli-
ent preference in psychotherapy: A meta-analysis. J Clin Psychol 2018;
74(11):1924-1937; doi: 10.1002/jclp.22680

Do TD, Zelenty S, Gonzalez-Franco M, et al. VALID: A perceptually vali-
dated virtual Avatar Library for inclusion and diversity. Front Virtual
Real 2023;4.

Fraile Navarro D, Kocaballi AB, Dras M, et al. Collaboration, not con-
frontation: Understanding general practitioners’ attitudes towards
natural language and text automation in clinical practice. ACM Trans
Comput-Hum Interact 2023;30(2):1-34; doi: 10.1145/3569893

Cite this article as: Segal JI, Turman ML, Emrich M, McLeod Daphnis S |,
Rodriguez S, Difede JA, Won AS (2026) Practitioner-centered design: A
case study of a human-computer interaction—clinician collaboration on
the development of prototype virtual reality environments for the treat-
ment of posttraumatic stress disorder and moral injury in health care
workers, Journal of Medical Extended Reality 3, 1-10, DOI: 10.1177/
29941520261419919.

Publish in Journal of Medical Extended Realty\

= Immediate, unrestricted online access
= Rigorous peer review

= Compliance with open access mandates
= Authors retain copyright

= Highly indexed

Targeted email marketing

liebertpub.com/jmedxr


http://dx.doi.org/10.1145/3411763.3443437
http://dx.doi.org/10.1145/3555610
http://dx.doi.org/10.1007/s10111-014-0318-7
http://dx.doi.org/10.1109/MPRV.2020.2997615
http://dx.doi.org/10.1145/3392868
http://dx.doi.org/10.2196/43904
http://dx.doi.org/10.1145/3555543
http://dx.doi.org/10.1080/15710880701875068
http://dx.doi.org/10.1080/15710880500135987
http://dx.doi.org/10.1080/21548455.2023.2238871
http://dx.doi.org/10.1145/3411764.3445503
http://dx.doi.org/10.1521/psyc.2008.71.2.134
http://dx.doi.org/10.1089/109493102321018169
http://dx.doi.org/10.4088/JCP.v68n1102
http://dx.doi.org/10.1038/s41398-022-02066-x
http://dx.doi.org/10.1017/S0033291717000708
http://dx.doi.org/10.1016/j.pnpbp.2008.12.004
http://dx.doi.org/10.1097/ADM.0b013e31827fadc9
http://dx.doi.org/10.1097/ADM.0b013e31827fadc9
http://dx.doi.org/10.1097/01.NURSE.0000460727.34118.6a
http://dx.doi.org/10.7759/cureus.31240
http://dx.doi.org/10.7759/cureus.31240
http://dx.doi.org/10.2196/42813
http://dx.doi.org/10.1177/0969733020966776
http://dx.doi.org/10.1109/TVCG.2018.2794629
http://dx.doi.org/10.1109/TVCG.2018.2794629
http://dx.doi.org/10.1002/jclp.22680
http://dx.doi.org/10.1145/3569893
http://online.liebertpub.com/doi/10.1177/29941520261419919

