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Abstract

Background: Preventable surgical errors of varying degrees of physical, emotional, and financial harm account for a significant
number of adverse events. These errors are frequently tied to systemic problemswithin ahealth care system, including the absence
of necessary policies/procedures, obstructive cultural hierarchy, and communication breakdown between staff. We developed an
innovative, theory-based virtual reality (VR) training to promote understanding and sensemaking toward the holistic view of the
culture of patient safety and high reliability.

Objective:  We aim to assess the effect of VR training on health care workers (HCWSs') understanding of contributing factors
to patient safety events, sensemaking of patient safety culture, and high reliability organization principles in the laboratory
environment. Further, we aim to assess the effect of VR training on patient safety culture, TeamSTEPPS behavior scores, and
reporting of patient safety events in the surgery department of an academic medical center in the clinical environment.

Methods: This mixed methods study uses apre-VR versus post-VR training study design involving attending faculty, residents,
nurses, technicians of the department of surgery, and frontline HCWs in the operation rooms at an academic medical center.
HCWSs' understanding of contributing factors to patient safety events will be assessed using a scale based on the Human Factors
Anaysisand Classification System. Wewill use the data frame theory framework, supported by a semistructured interview guide
to capture the sensemaking process of patient safety culture and principles of high reliability organizations. Changesin the culture
of patient safety will be quantified using the Agency for Healthcare Research and Quality surveys on patient safety culture.
TeamSTEPPS behavior scores based on observation will be measured using the Teamwork Evaluation of Non-Technical Skills
tool. Patient safety events reported in the voluntary institutional reporting system will be compared before the training versus
those after the training. We will compare the Agency for Healthcare Research and Quality patient safety culture scoresand patient
safety events reporting before the training versus those after the training by using descriptive statistics and a within-subject
2-tailed, 2-samplet test with the significance level set at .05.

Results: Ethics approval was obtained in May 2021 from the institutional review board of the University of North Carolina at
Chapel Hill (22-1150). The enrollment of participants for this study will start in fall 2022 and is expected to be completed by
early spring 2023. The data analysisis expected to be completed by July 2023.

https://www.researchprotocols.org/2022/8/e40445 JMIR Res Protoc 2022 | vol. 11 | iss. 8| e40445 | p. 1
(page number not for citation purposes)


mailto:lmazur@med.unc.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Mazur et d

Conclusions: Our findings will help assess the effectiveness of VR training in improving HCWSs' understanding of contributing
factors of patient safety events, sensemaking of patient safety culture, and principles and behaviors of high reliability organizations.
These findings will contribute to developing VR training to improve patient safety culture in other specialties.

(JMIR Res Protoc 2022;11(8):e40445) doi: 10.2196/40445
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Introduction

Background

High-quality health care requires continual efforts to decrease
the incidence of medical errors [1]. Surgical patients are at
particular risk for error-associated adverse outcomes, given the
invasiveness of undergoing surgery [2]. It is estimated that
annually over 4000 harmful surgical errors are preventable
nationally [1]. Surgica errors may lead to temporary or
permanent harm to the patient (eg, physical, emotional, or even
death) and may cause harm to care providers (eg, second victim)
[3]. For example, unintended retention of foreign objects, which
is estimated to occur at least once in every 5500 surgeries, [3]
may lead to reoperation, increased hospital length of stay, and
sepsis [3]. Moreover, the average additional cost related to
unintended retention of foreign objectsis estimated to be more
than US $200,000 per incident [4]. The common root causes of
surgical errors reported to the Joint Commission include the
absence of policies and procedures, problems with hierarchy
and intimidation, failure to communicate with physicians, and
failure of staff to communicate rel evant patient information [5].
Additionally, factors such as high workload, time pressure, and
the resulting burnout are associated with higher rates of errors.
These root causes have been difficult to address, as complex
care delivery systems tend to “drift” over time creating new
sources of failures and failure pathways [5].

Safety problems in hedth care persist because they are
multifactorial and complex. A barrier to improving safety
appears to be a broad lack of appreciation for the underlying
causes of safety problems and everyone's role in contributing
to these problems. Thereisaneed to collectively striveto build
a“culture of patient safety,” with excellence at al levels, asis
common in high reliability organizations (HROs) [6]. An
evolving concept in the area of quality and safety is
sensemaking, which is an action taken in response to an
individual’s interpretation of ambiguous events. Sensemaking
is essentia to achieve commitment to HRO-like thinking and
behaviors[7]. Sensemaking has been shown to improve patient
safety by improving health careworkers' (HCWS') commitment
to aculture of patient safety and the reliability of an organization
[7]. For example, by improving sensemaking, bedside nurses
can evaluate and determine the appropriate response to safety
concerns expressed by patients or their families[8].

Current interventionsto improve safety largely addressthe sharp
end of the error. For example, at the resident level, the
Accreditation Council for Graduate Medical Education requires
residents, including surgical residents, to participate in
interprofessiona patient safety training and activities such as
performing root cause analyses and reporting patient safety
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events, with evidence that these requirements lead to positive
patient safety improvements [9]. Moreover, simulation-based
training for attending surgeons appeared to decrease subsequent
malpractice claims [10]. Most of these efforts, however, focus
on skills needed at the sharp end of the error (eg, communication
and teamwork in the operating room, technical skills) yet lack
the training on the faulty systems (eg, Swiss cheese model
[SCM] [11] of error prevention), the culture of patient safety,
and the unreliable thinking and behaviors that lead people to
make mistakes or fail to prevent them [12].

The use of virtua redlity (VR) training in heath care is
becoming an increasingly feasible and effective method for
training. Research suggests that VR training in health care can
improve technical and nontechnical skills (eg, team
communication, teamwork), planning and performing surgery,
and medical diagnosis [13]. Most importantly, VR appears to
be particularly well suited to be modified to address education
on nontechnical skills, including the holistic view of the culture
of patient safety and high reliability, aswell asthe sensemaking
of patient safety events. Although such VR-based training has
not been widely applied in health care, it has been successfully
appliedin construction [14]. Alternative approachesto providing
thistype of training within health care are perhaps suboptimal.
Major health care systems currently rely on a webpage-based
learning management system and the associated PowerPoint
presentations. While useful, VR may provide this information
more interactively and engagingly. Thus, there is a need to
develop a patient safety training program that promotes
understanding and sensemaking toward the holistic view of the
culture of patient safety and high reliability. Furthermore, the
training program must help HCWs better understand the overall
extent of patient safety from the blunt to the sharp end of the
error and, consequently, emphasize a culture of improvement
at all levels of the organization.

VR can give HCWs immersive first-person access to realistic
health care scenarios where adverse events occur, thereby
enabling a deeper experiential learning exposure to the
contextual realities surrounding such events, without posing
any risk or harmto areal patient. Asastrategic training solution,
VR may enable the provision of complex health care training
scenarios that would otherwise be inaccessible as real-world
observations owing to their unpredictable and high-risk nature,
too resource-intensive to re-enact in a live clinical training
setting on a per learner basis, and ineffective as a passive 2D
module, where the goa of the training is to experientially
connect learnersto thelived, contextualized realities surrounding
an adverse event for situational sensemaking. Among these
difficult to train for adverse eventsis asurgical error in action.
Errors are by nature unintended and thus cannot be anticipated
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during clinical shadowing. Specifically, surgical errors occur
in an operating room, where strict policies for patient safety
make observation impossible for most learners and anyone
outside of the surgical team itself. Thisrevealsakey experientia
exposure obstacle: accessto thereal context in which asurgical
error occurs. Although live mock simulationsusing standardized
patients are used for certain health care scenarios, the resources
involved in realistically recreating a surgical scenario include
the time and coordination for full representation of a surgical
team, time in an operating room, or the creation of arealistic
representation of one, patient representation, and an array of
special effectsthat must coincide with the error and necessitate
cleanup/reset for each run-through. These resource requirements
are immense and thus neither cost-effective nor scalable for
multiple realistic per-learner exposures. Additionaly, such a
live mock simulation continues to fall short in meeting the
holistic need, providing insight into the larger contributing
factors and consequences that exist beyond the operating room
itself. Meanwhile, traditional 2D content may be used in the
topical illustration of asurgical error, but by nature, existsas a
passively consumed resource disconnected from learners
spatially contextualized, experiential reality. Although this
disconnection may or may not impact certain forms of learning
such asthe ability to recall facts, higher-level central processing
of theoretical events, including a simulated engagement in
sensemaking of complex situations, may benefit from more
experiential learning approaches. Experiential learning involves
a personalized and cognitive engagement with the learning
content, emphasizing the linkage between learning and its“ real
world” context. If HCWsareto engagein sensemaking activities
regarding the complex lived realities that are connected to
adverse events, VR may offer advantages to 2D content in that
it allows HCWSsto access an immersed perspective of the event
asit would occur before one’s own eyes.

We have devel oped an innovative V R-based training to improve
patient safety culture and HCWs' understanding of factors
contributing to patient safety events, sensemaking, and HRO-like
thinking and behaviors. Thistraining isrooted in Reason’s SCM
[11], which demonstrates how system failures are often the
result of a combination of factors. The training is designed for
HCWs to build deep emotional connections and to facilitate
understanding and sensemaking toward the culture of patient
safety and HRO-like thinking and behaviors [12,15]. Our goal
is to implement and evaluate this innovative VR training at a
large academic medical system in the southeast United States.
To the best of our knowledge, this VR training is the
first-of-its-kind high-fidelity model focused on the culture of
patient safety and HRO thinking and behaviors and designed
to help HCWs make sense of patient safety events in health
care.

The VR training tool utilizes multiple 360° scenes arranged in
anarrative format and delivered within an interactive VR-input
enabled application. The 360° videos were recorded with 2
different 360° cameras: first-person perspectiveswererecorded
with a head-mounted GoPro Max in 5.6K resolution and a
third-person observer view was recorded for each scene with
the Insta360 Titan in 11K resolution. The GoPro Max was
selected for the first-person perspectives owing to its small size
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for head mounting and stabilization features. The Insta360 Titan
was also used for its ability to capture the full scenein ahigher
resolution/level of detail. Each scene within the simulation
features aroom view aswell as afirst-person perspective view.
The 360° videosinclude sceneswithin the operating room where
the adverse event occurs, different locations within the hospital,
different locations within home environments, and aboard room
where hospital policies are discussed; each of these locations
serves to explore the complex realities of the various
perspectives connected to the adverse event. The 360° videos
were edited using Adobe Premiere Pro and Boris FX for both
cinematic scene composition and specia effects as needed, and
each scene was exported as its own video file for interactive
scene selection options in-app. The initial development of the
interactive VR app used 3DVista—a visual scripting tool for
the creation of interactive 360° video applications. The 3DVista
software was selected for a quicker design iteration process,
publishing a product that can be delivered via both WebXR on
any device and as a sideloaded local app on the standalone VR
headset itself. The app features awelcome user interface menu
providing an overview of the simulation content and purpose
to provide a background context as well asinstructionsfor VR
use prior to starting the simulation. Buttons are present within
the app to allow for perspective switching within each scene,
aslearners can explore the perspective-based contributions and
effects surrounding the surgical error featured in the simulation.
Within each scene, a few interactive hotspots are present to
allow users to further observe the contextual details present.
After testing our initial VR tool design, the app’s final design
choicewill berebuilt in the Unity game engine to enable future
C#-based customizations as needed, such as enabling potential
eye-tracking-dependent research questions and potential learning
management system integrations. Thistool is being devel oped
in-house by our research team on behalf of the University of
North Carolina (UNC) School of Medicine IT Instructional
Media Services.

Objectives

The overall aim of this study is to create a VR-simulated
environment where HCWs profoundly experience and learn the
concepts of patient safety culture and principles and behaviors
of HROs. This will be created in a human factors laboratory
and will be used to train HCWs in a large academic medical
center. The specific aims of this study are as follows: (1) to
assess the effect of innovative VR training on HCWS
understanding of contributing factors to patient safety events,
sensemaking of patient safety culture, and principles and
behaviors of HROs in the laboratory environment and (2) to
assess the effect of innovative VR training on patient safety
culture, TeamSTEPPS behavior scores, and reporting of patient
safety eventsin the surgery department of an academic medical
center in clinical settings.

We hypothesize that HCWSs' understanding of contributing
factors to patients' safety events (hypothesis 1a), sensemaking
process of patient safety culture, and principles of HROs
(hypothesis 1b) will improve from pre-VR to post-VR training.
Further, we hypothesize that there will be an increasein patient
safety culture score (hypothesis 2a), TeamSTEPPS behavior
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scores (hypothesis 2b), and reporting of patient safety events
(hypothesis 2¢) in pre-VR versus post-VR training.

Methods

Study Design

This study usesamixed methods approach and apre-VR versus
post-VR training study design. In the first phase of the study,
participantswill first read adescription of apatient saf ety event
and then be asked to eval uate the contributing factors associated
with the event. Next, participantswill experience a patient safety
event in an immersive interactive VR environment, followed
by evaluating their understanding of the contributing factors
associated with the event. We will use the data frame theory
framework [16] supported by a semistructured interview guide
to capture the sensemaking process of patient safety cultureand
principles of HROs for an HCW. We will conduct interviews
with the participants after they have experienced the VR training
program. The second phase of the study involves comparing
changesin the culture of patient safety, TeamSTEPPS behavior
scores, and reporting of patient safety eventsin pre-VR versus
that in post-VR training.

Participants

The participants for this study are attending faculty, residents,
nurses, and technicians working in the Department of Surgery
at UNC Health. This department includes 68 faculty and 75
residents. Residents are divided into general surgery,
cardiothoracic, vascular, and plastic surgery. Within general
surgery are additional faculty divisions (pediatric, acute care,
transplant, oncology, gastrointestinal, burns). Faculty practice
mostly at UNC’s main medical center, but we also have some
faculty at Hillsborough and Rex. All frontline HCWSs from
operation rooms and the UNC Department of Surgery will also
be invited to participate in the study. We will exclude traveler
nurses, temporary employees, and administrative staff fromthis
study. An onsite research team member will answer questions
from prospective participants, and the principal investigators
contact information will be available on the flyer. A previously
used scripted protocol and emails sent through a departmental
listserv will be used to inform prospective participants about
the study. If they choose to participate, we will obtain consent
from the participant before the first phase of the study. An
incentive of US $50 will be provided to the participants for the
first phase of the study.

Setting
The first phase of the study, which provides participants with
experience of apatient safety event in an immersive interactive
VR environment, will be conducted in the Human Factors
Laboratory located in the Department of Radiation Oncology
at UNC.

Intervention

The VR trainingisguided by Reason’s SCM [11,15] and Human
Factors Analysis and Classification System (HFACS) [17,18]
and targets each layer in the HFACS model. We utilized
state-of -the-art filming equipment to capture a 360° view of the
event and the perspective of those involved in the event. We
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built the scripts for the scenes, recruited actors (attendings,
residents, students, administrators) with lived experiences in
health careto help with the filming, identified filming locations,
rehearsed all the scenes, and filmed our scenes. We expect to
assemble the complete training program and have the final
product ready by July 2022. This training will be delivered to
the participants using a VR head-mounted display to ensure an
immersive environment. Specifically, we will use Pico Neo 3
Pro Eye [19] with 6DoF VR hardware/software to implement
the VR training.

Measures
Primary Measures

Under standing of Contributing Factors

Participants’ understanding of contributing factors to an event
is assessed using a scale based on the HFACS (Multimedia
Appendix 1).

Sensemaking of Patient Safety Culture and Principles of
HROs

Participants' understanding of patient safety culture and
principles of HROs are assessed by conducting 2 semistructured
interviews with each participant after reading the patient safety
event description and after completing the VR training. The
purpose is to explore participants baseline understanding of
patient safety culture and principles of HROs before taking the
training and to examine their experience with the training,
including how did the training change their understanding of
patient safety culture and principles of HROs. Interviews are
guided by a phenomenological approach, which follows the
paradigm of subjectivity and emphasizes the importance of
understanding personal experience to gain insights into the
sensemaking process of patient safety events concept as the
individuals take the training program [16]. This approach has
been applied in previous studies to examine the sensemaking
process of making health care decisions [20]. Interview
guestions are presented in Multimedia Appendix 2. Face-to-face
interviews for 10 minutes are conducted with each participant.
If participants permit, interviews are audio-recorded and
transcribed for analysis or else, the research team will take
detailed handwritten notes.

Secondary Measures

Patient Safety Culture

Patient safety culture is assessed using the Agency for
Healthcare Research and Quality (AHRQ) Survey on Patient
Safety Culture (SOPS). AHRQ SOPSisareliableand validated
instrument to assess and capture al staff members' perceptions
on key components of patient safety culture, such asteamwork,
staffing, work pace, organizational |earning, response to error,
clinical leader support for patient safety, communication about
the error, communication openness, reporting patient safety
events, hospital management support for patient safety, handoffs,
and information exchange [21,22]. The Department of Surgery
will take this survey after the intervention to alow for the
pre-VR versus post-VR training comparison on patient safety
culture.
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TeamST EPPS Behavioral Score

Teamwork isone of the key initiativeswithin patient saf ety that
can transform the culture within health care. Studies suggest
that communication and other teamwork skills are essential for
the delivery of quality health care and for preventing and
mitigating medical errors and patient injury and harm [23,24].
TeamSTEPPS behavioral scores are currently collected by the
operation room nurses as part of regular operations by using
the Teamwork Evaluation of Non-Technical Skills (TENTS)
tool [25]. TENTSisavalid and reliable instrument to assess a
variety of clinical teamwork events. It isa13-item observational
assessment tool used in clinical settings. These scores will be
used to compare the results of pre-VR versus those of post-VR
training [25].

Table 1. Overview of the measurement tools.

Mazur et d

Reporting of Patient Safety Events

Voluntary reporting of patient safety events is important for
achieving the broad goal of error reduction. We will use the
events reported in our institutional voluntary reporting system
to compare the reporting of patient safety events before versus
after the VR training. The eventswill be classified based on the
AHRQ Common Format Harm score. Using the score (1 through
9) and the nature of harm, we will classify each patient safety
event as serious saf ety events, precursor safety events, near-miss
safety events, and unsafe condition safety events and compare
before and after the VR training. Table 1 provides an overview
of the measurement tools.

Variable

Measure

Primary outcomes
Understanding of contributing factors

Sensemaking of patient safety culture and principles of high reliability
organizations

Secondary outcomes

Patient safety culture

TeamSTEPPS behavioral scores

Reporting of patient safety events
Other variables

Demographics

Human Factors Analysis and Classification System scale
Semistructured interview

Agency for Healthcare Research and Quality Survey on Patient
Safety Culture

Teamwork Evaluation of Non-Technical Skillstool

Institutional voluntary reporting system

Questions

Data Collection

All participants will first read a written description of the
recorded patient safety event (see Multimedia Appendix 3).
Then, they will take the VR training program.

Hypothesis l1a: All participants will rate the perceived
contributing factors to the event using a scale based on the
HFACS[17].

Hypothesis 1b: We will conduct 2 semistructured interviews
with each participant: after reading the patient safety event
description and after completing the VR training. Theinterviews
are conducted to (1) explore their basdline understanding of
patient safety culture and principles of HROs before taking the
training and (2) to examine their experience with the training,
including how did the training change their understanding of
patient safety culture and principles of HROs.

Hypothesis 2a: The UNC Department of Surgery was scheduled
to take the AHRQ SOPS survey in February and March 2022,
which will serve as the baseline data. The UNC Department of
Surgery agreed to take this survey again in February-March of
2023 (postintervention) to alow us for the pre-VR versus
post-VR training comparison.

Hypothesis 2b: TeamSTEPPS behavioral scores are currently
informally being collected by the operation room nurses as part
of regular operations by using the TENTS tool. As needed, we
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will modify this data collection to fit the need of this proposal
and support this data collection to ensure proper evaluation. We
will use these scores to compare the results before versus after
the VR training.

Hypothesis 2c: We will extract data on reporting of patient
safety events from the Risk Level-6 solution platform (Safety
Awareness For Everybody reporting) managed by the risk
management department. We will access this data set and
compare results before versus after the VR training.

Data Analysis

Hypothesis 1a: A previous study showed that VR in asimulated
learning environment can improve empathic clinical
communication score by 0.3-1.15 points with a standard
deviation (o) of 0.3-1.1[26]. To detect astatistically significant
change in our study, a sample size of 68 participantsis needed
to obtain amedium-to-large effect size (d=0.5-0.8) with a power
level of .80 and an apha of .05 [26,27]. We will compare the
number of identified contributing factors (after reading the event
vsafter VR training) by using awithin-subject 2-tailed, 2-sample
t test with the significance level set to .05.

Hypothesis 1b: We will recruit a subset of the participants who
took the training to participate in an additional interview study.
Based on the theoretical saturation concept and our prior
experience, we estimate to conduct interviews with 20-28
participants (eg, 5-7 faculty, 5-7 nurses, 5-7 staff, 5-7 residents).
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However, we will continue to recruit additional participants
until our data reach saturation [28]. Interview data will be
analyzed using the phenomenological analysis method [29] to
understand the different perspectives regarding patient safety
culture and principles of HROs before taking the VR training
and how the participants make sense of the training and the
patient safety events they experienced during the training to
adjust their understanding, behavior, and commitment to
patients safety. The qualitative analysis will include 3 steps:
(2) develop textual and structural descriptionsfor eachinterview,
(2) compositeall textual and structural descriptions, respectively,
and (3) synthesize textual and structural meanings using the
data frame theory of sensemaking [16].

Hypothesis 2a: Based on the AHRQ SOPS data collected by
the Office of Quality Excellence at UNC Health in 2017 and
2019, we expect that we will need 75 participants to take the
survey to obtain a medium effect size (d=0.5) with a power
level of .80 and an alpha of .05 [27]. We will use 2-tailed,
2-samplet test to compare pooled and construct-based AHRQ
SOPS scores before versus after the VR training.

Hypothesis 2b: Wewill usea2-tailed, 2-samplet test to compare
pooled and construct-based to assess changesin TENTS scores
before versus after the VR training.

Hypothesis2c: Wewill use a2-tailed, 2-samplet test to compare
reporting of patient safety events before versus after the VR
training.

Ethics Approval and Confidentiality of Data

This study received approval from UNC's institutional review
board in May 2022 (22-1150). Handling and storage of data
will be done per the general data protection regulation and the
institutional review board policies of UNC. Collected research
data within this study includes questionnaires and interviews,
collected by the researchers from the Department of Radiation
Oncology and Surgery at UNC. All datawill be deidentified by
giving every participant a unique participant ID. All data from
the questionnaires shall be stored in a protected folder that can
be accessed only by the research team. Physical documents, for
example, signed informed consent forms will be stored safely
inthe Human Factors Laboratory of the Department of Radiation
Oncology, UNC. Therecordings of theinterviewswill be stored
in a secure encrypted folder that is accessible only to the
research team. Research data and analyses will be stored after
finishing the research project in accordance with the policies
of UNC.

Results

Participant recruitment will start in July-September 2022. Data
collection for this study is expected to be completed by
November 2023. The analysis will be conducted after data
collection and is expected to be completed by December 2023.
The results will be published in peer-reviewed journals and
presented at national and international conferences.
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Discussion

Strengths and Challenges

The VR training on safety culture and principles of HROs
continueto be an appreciated topic in many other research areas,
and to our knowledge, thereis currently no experienced-based
training to enhance HCWs' understanding of these topics. The
key strengths of this study are as follows:

1. Thisisafirst-of-its-kind VR training to enhance HCWS
understanding of contributing factors to patient safety
events.

2. This is dso a first-of-its-kind VR training to enhance
HCWSs' sensemaking of patient safety culture and principles
and behaviors of HROs.

3. Thisstudy uses SCM, HFACS, and sensemaking theoretical
frameworks to guide the development and evaluation of
VR training.

4. It involves a multidisciplinary team and promotes
collaboration among clinicians, human factors engineers,
and multimedia and technology innovation experts.

5 We focus on the department of surgery, which is an
innovative environment owing to the complexity of the
department, where multiple factors can contribute to the
occurrence of a patient safety event (eg, technical and
teamwork skills, communication, technology, hierarchy)
aswell asthe high impact of patient safety events.

We recognize that implementation of the training and having
most of the department of surgery staff taking the VR training
will be challenging. We have already secured the leadership’s
commitment to supporting this training. Based on our sample
size calculations, we need 80 to agree to participate in our VR
training, which isreasonable. In our past research, wewere able
to successfully recruit >80% of staff from various departments
at UNC. Further, unanticipated factors (eg, changesin clinical
practice, patient volumes, COVID-19 surges) impacting the
culture of patient safety, TeamSTEPPS behaviors, and reporting
of patient safety events are expected. Surgery department
leadership shall inform the research team of any interventions
that take place during/after the implementation of VR training,
and we will account for them in our statistical analysis.

Scalability and Sustainability

The findings and experience gained by the research team from
conducting this study will apply broadly to other departments
in UNC Health (eg, neurosurgery, urology, orthopedics,
obstetrics-gynecology) as well as other similar surgery
departments nationally. We will expand the entire concept to
film additional scenariosto capture other contexts (eg, intensive
care unit procedures, care transitions, imaging, laboratory
studies). Ultimately, if proven successful, VR training could be
integrated into training curricula for attending continuous
education, resident and student education, including medical
and nursing populations. We also plan to work with the UNC
Health Office of Quality Excellence and UNC Training and
Education to help guide the implementation of our VR training
more broadly.
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Conclusions TeamSTEPPS behavior scores, and reporting of patient safety
eventsin theclinical environment of the department of surgery.
Based on the results, VR training can be further developed to

understanding of contributing factors of patient safety events improve patient safety culture in other specialties. In addition,
and sensemaking of patient safety culture and principles and the foundation that will be laid with this study allows us to
behaviors of HROs. Our study will be the first to assess the d€sign follow-up studies, for example, to compare the
effect of VR-based training on patient safety culture, fectivenessof VR with other modes of training.

To date, no research has been conducted into the effectiveness
of VR in improving patient safety culture and HCWS
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