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Abstract

Background/Objectives: Novice nurses often struggle to assertively voice patient safety
concerns due to limited clinical experience and hierarchical healthcare environments. Im-
mersive virtual reality simulation (IVRS) may provide opportunities to practice assertive
communication skills essential for interprofessional collaboration in a psychologically
safe environment. This study aimed to evaluate the short- and long-term effectiveness
of an IVRS speak-up training program in enhancing communication clarity and collab-
orative attitudes, as well as reducing experiences of nursing malpractice among novice
nurses. Methods: A quasi-experimental study was conducted with 36 novice nurses (18
participants each in control and experimental groups). The experimental group received
a 200 min IVRS speak-up training program incorporating TeamSTEPPS communication
strategies through four virtual reality scenarios. The control group received a 110 min
conventional group lectures and discussions on communication training covering the same
TeamSTEPPS strategies. Communication clarity and collaborative attitudes were measured
at baseline, immediately post-intervention, and 6 weeks post-intervention. Nursing mal-
practice experiences were assessed at 6 weeks post-intervention. Results: Communication
clarity showed no significant interaction effect between groups and time points (F = 0.84,
p = 0.437), though both groups demonstrated immediate post-intervention improvements.
Collaborative attitudes showed a significant interaction effect (F = 4.23, p = 0.020), with
the experimental group exhibiting significantly greater and sustained improvements at
immediate and 6-week follow-up compared with the control group. No significant differ-
ence in nursing malpractice experiences was observed between groups (Z = 0.16, p = 0.872).
Conclusions: The IVRS speak-up training program effectively enhanced novice nurses’
assertive communication skills in immersive, interactive environments tailored for real-
istic practice compared to conventional group discussion-based training. This program
improved communication clarity in the short term and enhanced collaborative attitudes
up to 6 weeks. Integrating or boosting IVRS training into novice nurses’ communication
education may foster interprofessional collaboration and advance patient safety in clinical
practice.

Keywords: assertiveness; communication; nurses; patient safety; quasi-experimental study;
simulation training; virtual reality
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1. Introduction

Speak-up communication is a key factor in enhancing patient safety and preventing
medical errors within clinical settings as well as in fostering effective interprofessional
collaboration [1]. Often conceptualized as a form of assertive communication, speak-
up behavior involves expressing concerns, sharing clinical observations, and advocating
for patient safety without hesitation [1,2]. It empowers healthcare professionals to raise
potential safety risks and promotes a culture of openness that reduces the likelihood of
adverse events [3].

However, recent evidence indicates persistent barriers to effective speak-up communi-
cation and interprofessional collaboration in clinical practice. Studies consistently show that
healthcare professionals, particularly nurses, often hesitate to speak up in hierarchical clini-
cal environments, which undermines collaboration between physicians and nurses [4,5]. A
systematic review by Lee et al. [5] revealed that hierarchical organizational culture remains
a significant barrier preventing East Asian nurses from speaking up regarding patient safety,
leading them to prefer formal reporting systems over direct communication. Such reliance
on indirect communication mechanisms can delay timely interprofessional communication
and compromise collaborative decision-making essential for optimal patient outcomes.
Similarly, Jeong & Kim [6] identified that South Korean nurses primarily relied on patient
safety reporting systems rather than direct speak-up communication, highlighting how
communication barriers can inhibit interprofessional teamwork and delay critical safety
interventions.

Moreover, novice nurses face unique challenges in speak-up communication because
of poor confidence, fear of reprisal, and insufficient training, which limit their ability to
engage effectively in interprofessional collaboration [4]. They are particularly vulnerable
to communication barriers within hierarchical hospital organizational cultures, leading to
underreporting of potential safety issues and breakdowns in collaborative care processes.
Recent qualitative research suggests that one-time training programs for newly graduated
nurses are insufficient for building sustained communication competencies, which support
effective interprofessional teamwork; thus, ongoing mentoring is needed to develop speak-
up capabilities and strengthen collaborative attitudes [6,7].

Existing educational programs often lack the support and training structures needed
for novice nurses to effectively practice speak-up communication and build interpro-
fessional collaboration skills in real-world clinical settings [1]. Traditional educational
approaches typically provide one-time training sessions, which cannot adequately address
the ongoing need for skill reinforcement and confidence building for effective teamwork.
This gap is concerning, as evidence indicates that nurses’ communication skills can decline
within a few months without continued practice [8].

Virtual reality simulation (VRS) has emerged as a promising alternative to traditional
educational methods, providing learners with immersive and realistic environments for
skill acquisition [9]. Immersive VRS (IVRS), which uses head-mounted displays (HMDs)
and controllers, enables interactive training in 3D virtual spaces. These platforms offer
safe, controlled spaces for repetitive, self-paced learning that can simulate complex in-
terprofessional scenarios. A recent study demonstrated that IVRS-based TeamSTEPPS
training markedly enhanced healthcare teams’ safety behaviors, with 90% of their mea-
sured safety behaviors, including comfort with speaking up and asking questions within
interprofessional team contexts, significantly improved [10].

Integrating VRS with structured communication frameworks, such as TeamSTEPPS
program, may further enhance nurses” ability to communicate effectively in interprofes-
sional settings and promote collaborative attitudes with physicians. The TeamSTEPPS
program incorporates evidence-based communication techniques including ISBAR (Identifi-
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cation, Situation, Background, Assessment, Recommendation for structured reporting com-
munication), check-back (closed-loop verification of received information), two-challenge
rule (assertive challenge when initial concerns are ignored), and CUS (Concerned, Un-
comfortable, Safety issue for escalating patient or staff safety concerns) [11-13]. However,
while VRS has proven effective for communication training in healthcare teams, reports on
the effectiveness of IVRS-based speak-up training for novice nurses remain limited. Fur-
thermore, one-time training sessions are insufficient for developing speak-up capabilities
among novice nurses [6,14], and repeated education is recommended to sustain long-term
effects [8]. Therefore, establishing evidence on the sustained impact of IVRS in enhancing
speak-up communication skills, particularly in interprofessional collaboration, is essential.

This study aimed to evaluate the short- and long-term effectiveness of an IVRS-based
speak-up training program incorporating multiple patient care scenarios. Adapted from
a previously validated IVRS program that enhanced team communication and collabo-
ration among nursing students [15], this novel program was tailored for novice nurses
in clinical practice. While the original program demonstrated significant short-term im-
provements in communication and collaborative attitudes among undergraduate nursing
students, the present study examined whether these effects could be sustained among
practicing novice nurses. Communication competencies, interprofessional collaboration
skills, and communication-related nursing incidents were evaluated through repeated
outcome assessments over a 6-week period.

We hypothesized that novice nurses who received the adapted IVRS speak-up training
program would demonstrate significantly higher mean scores for communication clarity
and collaborative attitudes compared with the control group receiving conventional group
lectures and discussions on communication across all measurement time points and would
report lower levels of communication-related nursing malpractice within interprofessional
team contexts during the follow-up period.

2. Materials and Methods
2.1. Study Design

This study used a quasi-experimental design with non-equivalent control groups,
using pre- and post-tests to assess the impact of the IVRS speak-up training program on
patient safety. The study focused on its effects on communication clarity, collaborative
attitudes, and nursing malpractice experience among novice nurses.

2.2. IVRS Speak-Up Program
2.2.1. Development Process of the IVRS Speak-Up Training Program

The IVRS speak-up training program for novice nurses was adapted from a previously
validated IVRS program originally designed to enhance teamwork communication and
collaboration among undergraduate nursing students [15]. The original program aimed
to develop standardized effective communication strategies (ISBAR and check-back) and
mutually supportive communication techniques (two-challenge rule and CUS) through
two inpatient scenario-based training modules. Scenario 1 featured a 54-year-old male
patient undergoing partial gastrectomy, while scenario 2 involved a 55-year-old male
patient with liver cirrhosis and ascites. Each scenario comprised two progressive learning
stages: one focused on mild clinical situations for practicing ISBAR and check-back, and
the other focused on more complex situations for applying the two-challenge rule and
CUS [15]. The program was developed using the Oculus Quest 2 HMD via the Unity
3D platform (Meta Platforms, Inc., Menlo Park, CA, USA, 2020) and was aligned with
the International Nursing Association for Clinical Simulation and Learning (INACSL)
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guidelines [16]. Communication techniques were structured according to the TeamSTEPPS®
3.0 framework (Agency for Healthcare Research and Quality, Rockville, MD, USA) [11].

In this study, given the differences in clinical experience and role expectations between
student and novice nurses, the original program was modified to reflect the realities of
clinical nursing practice. The revised IVRS program for novice nurses particularly aimed
to enhance assertive communication behaviors by promoting the application of mutually
supportive communication strategies in actual interprofessional interactions. The primary
goal of the revision was to strengthen novice nurses’ ability to express patient safety
concerns assertively while maintaining professional respect for physicians. While retaining
learning objective 1 (mastery of ISBAR and check-back), we also emphasized learning
objective 2 (proficient use of the two-challenge rule) and learning objective 3 (proficient use
of the CUS technique). To reinforce these objectives, learners were guided to practice both
with and without the two-challenge rule and CUS techniques after reporting a patient’s
condition. Following development, expert validation was conducted with three clinical
nursing leaders (an education team leader, a ward team leader, and a section leader) and a
professional VR developer. Feedback focused on alignment with the modified objectives,
scenario realism, and user interaction design. To improve immersion and intuitiveness,
visual and auditory feedback cues were enhanced, time constraints on communication
steps were removed, and patient information screen text was enlarged. Quiz-like cues
were also added to support skill acquisition. The program’s usability was then evaluated
by three novice nurses (employed for <3 months at a tertiary hospital), using the 10-item
System Usability Scale (SUS) [17]. The program received a mean score of 93.3 out of 100,
indicating high usability. Participant feedback noted discomfort due to screen glare during
transitions, which was addressed by implementing a fade-to-black effect to improve visual
comfort. Through this iterative development process, the IVRS speak-up training program
was finalized.

2.2.2. Description of the IVRS Speak-Up Training Program

The IVRS speak-up training program was structured into four phases (preparation,
briefing, IVRS practice, and debriefing of four multi-patient scenarios) in alignment with
the INACSL Standards of Best Practice [16], with a total duration of 200 min.

Figure 1 provides a schematic overview of the program structure.

The preparation phase (40 min) introduced the significance of interprofessional col-
laboration and effective communication for patient safety. This phase included detailed
instruction on standardized and supportive communication strategies, particularly IS-
BAR, check-back, two-challenge rule, and CUS technique. The subsequent briefing phase
(40 min) was conducted immediately before the simulation, focusing on reviewing the
training objectives, explaining scenario structure, and providing hands-on orientation to
VR equipment and operational procedures. Through this phase, participants would under-
stand how to respond appropriately within each scenario and were adequately prepared
for the immersive learning experience.
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Figure 1. Structure of the IVRS speak-up training program. CUS = concerned, uncomfortable, safety
issue; ISBAR = identification situation, background, assessment, recommendation; IVRS = immersive
virtual reality simulation; VR = virtual reality; VRS = virtual reality simulation.

The IVRS practice and debriefing of four multi-patient scenarios phases were delivered
as integrated sessions, with debriefing conducted immediately following each simulation
experience. To achieve learning objective 1, mild case scenarios 1-1 (patient with partial
gastrectomy complaining of mild abdominal pain) and 2-1 (patients with liver cirrhosis and
ascites with mild dyspnea) were used to provide foundational training on standardized
effective communication techniques (ISBAR and check-back). Each scenario included an
IVRS practice session (5 min) followed by a debriefing session (10 min). To achieve learning
objective 2, severe case scenario 1-2 (patient with partial gastrectomy complaining of severe
dyspnea) was used to train participants in the two-challenge rule as a mutually supportive
communication strategy. This session included an IVRS practice session (10 min) followed
by a debriefing session (20 min). Finally, to achieve learning objective 3, severe case scenario
2-2 (patients with liver cirrhosis and ascites with loss of consciousness) was used to train
participants in both the two-challenge rule and CUS as mutually supportive communication
strategies. This session included an IVRS practice session (15 min) followed by a debriefing
session (30 min).

Figure 2 depicts the sample screens for the virtual environment. And, Figure 3 shows
the operational workflow of the two-challenge rule in learning objective 2 of scenario 1-2.
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Ward 11 Room 2

Name of Patient: Lee Tong—jeung

Sex: Male, Age: 53 years
Hospital No: 00110101

Medical department: GS
Name of Surgery: Partial

Doctor’s order for POD #3.
- Pain management:

- OP site management:

IV PCA Fentanyl 700 mcg + Nasea 0.6 mg running
PRN) Tridol 50 mg IV (Notify to Dr Lee)

Dressing daily: 11 am dressing done.

dat the sit
Maintaining and check the volume of JP drainage - JP drainage: Draineleus iceo?rs]eroeu?ffuid
- Diet: Start stage 1 of the gastrectomy diet from POD #3 ge:

(b)

1st assessment data of the patient

- Characters of dyspnea
Severity 4-5/10 points, Feeling suffocated 1-2 hours ago
Symptoms worsened 30 minutes ago, Deep breathing does
not relieve symptoms
- Lung sounds: Decreased breath sounds in both lower lungs
- Peripheral O, saturation: 91%
- Vital Sign: BT 37.2 °C, HR 90 bpm, RR 16 bpm,

BP 134/82 mmHg
- OP site condition: No noted redness, edema,

old

gastrectomy (Billoth I)

(©)

(d)

Figure 2. Screens of a virtual hospital, a patient, and the patient data provided. (a) Nurse’s station.
(b) Patient’s room. (c) Patient’s information and physician’s orders. (d) Initial assessment data of
the patient. BP = blood pressure; bpm = beat per minute; BT = body temperature; GS = general
surgery; HR = heart rate; IV = intravenous; ISBAR = identification situation, background, assessment,
recommendation; JP = Jackson-Pratt; No. = number; OP = operation; O, = oxygen; PCA = patient-
controlled analgesia; POD = postoperative day; PRN = as needed; RR = respiration rate.

2.3. Participants and Setting

Convenience sampling was used to recruit novice nurses from a tertiary hospital
(Wonju Severance Christian Hospital) of Yonsei University in Wonju City, South Korea.
Sample size estimation was conducted using G*Power 3.1.9.4 (Heinrich Heine University,
Diisseldorf, Germany), with a significance level of 0.05, statistical power of 0.80, and
an effect size of 0.62 based on prior research [18]. Results indicated that a minimum of
32 participants would be required to detect differences in repeated measures between the
experimental and control groups. To account for a potential 10% dropout rate, the final
target sample size was set at 36, with 18 participants allocated to each group.
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= At the steps of ‘R, let nurse verbally mention “I think

= Provide audible physician’s verbal response, “Apply

the patient to physician using ISBAR by phone

we need to see the patient urgently. Would you
please come to room 1?“ with the ‘Hint’ pop-up

0, 2L/min, and observe”

!

Would you ask the doctor in the current situation, by
performing the 2-challenge rule
for the patient's safety?

Please answer the emergency call

= Provide audible re-alarming call bell
sound

= Screen pop-up the call bell from Room
1

= Provide audible care-giver’s mentions,
“The patient’s getting harder to breath.
When is the physician coming?”

= Let nurse move to patient’s room

= Provide chance to re-assess the patient

= Provide 2" assessment results depends
on nurse’s assessment procedure such
as severity of dyspnea, vital sign, lung
sound, O, saturation, etc.

“Doyou thirk the petient sat rs®”

[ vo_|

Learning progress

Go back 10 the 2-challenge

Learning End

e completed \e
Youngazv-chanenge rule strategy for
“ patient safety. o
Thank you for your hard wo

earning ISBAR,

» After finish both option of
with/without the 2-challenge rule
technique learning, allow nurse click
‘END’ button to finish the scenario
practice

= Let nurse verbally reports the 2™
assessed data of the patient to
physician using ISBAR by phone

= Provide audible physician’s verbal
response, “Didn't | ask you to check
the patient's condition carefully?” in
anirritated voice

» Switch the screen and provide the
question “Do you think the patient is
at risk?” with “Yes” or “No” click
button

= If click “Yes” button, screen switch to
allow nurse click the arrow button to
practice with the 2-challenge rule
technique learning

Figure 3. Operational workflow of the two-challenge rule in learning objective 2 of scenarios 1-2.
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Eligibility criteria included novice nurses who had completed their job training within
the past 3 months; demonstrated an understanding of the study’s purpose, methods,
and procedures; and provided voluntary informed consent to participate. The exclusion
criteria were those expected to experience motion sickness, a side effect of using an HMD
required for IVRS applications [19]. Nurses with related symptoms, such as eye discomfort,
nausea or dizziness, anxiety or claustrophobia, cardiovascular disease, and mental illness
as well as those under certain medications (e.g., anti-anxiety medications, motion sickness
medications), were also excluded. Moreover, to accurately identify the characteristics of
novice nurses, those who had previously worked at primary or secondary hospitals were
excluded. Predefined dropout criteria included withdrawal of consent, occurrence of severe
VR-related symptoms (e.g., persistent nausea, dizziness, or eye strain lasting >30 min),
inability to complete the full intervention protocol, and failure to attend scheduled sessions.
Within the study period, no participants met either of these criteria.

Participants were recruited through an open recruitment notice targeting nurses who
had been newly employed for 3 months. Novice nurses who wished to participate in
the study contacted the researcher through the number listed in the recruitment notice.
They then participated in the study at the simulation laboratory located within Yonsei
University Wonju College of Nursing. Study participants were sequentially assigned to the
control group until 18 individuals were included, after which the remaining participants
were allocated to the experimental group until the total number of participants reached 36.
Finally, all 36 participants completed the study without any dropouts in either the control or
experimental groups, as no participants met any of the predefined dropout criteria during
the study period.

2.4. Measurements

Participant characteristics, such as sex, age, clinical experience, and prior exposure
to virtual reality learning, were collected to confirm baseline comparability between the
experimental and control groups. The effectiveness of the IVRS speak-up training program
was assessed in terms of communication clarity, collaborative attitudes, and experiences of
nursing malpractice by participants at designated time points.

2.4.1. Communication Clarity

Communication clarity, defined as “ensuring that the conveyed message is easily
understood by others,” was measured using the Communication Clarity Scale originally
developed by Marshall et al. [13] and translated into Korean by Cho [20]. The original scale
was designed as an observer-rated assessment tool [13]; however, the Korean version used
in this study was adapted by Cho [20] as a self-assessment instrument where participants
evaluate their own communication performance. The scale consists of 14 items and is
scored on a 5-point Likert scale, ranging from “not at all” (1 point) to “very much” (5
points), with higher scores indicating higher communication clarity. Item means were used
for analysis. Cronbach’s alpha value for reliability was 0.77 in the study by Cho [20] and
0.93 in this study.

2.4.2. Collaborative Attitudes

Collaborative attitudes, defined as “perceptions and beliefs about the importance of
teamwork, shared decision-making, and mutual respect between physicians and nurses in
delivering patient care,” was measured through self-assessment by participants using the
Jefferson Scale of Attitudes Toward Physician-Nurse Collaboration, revised and supple-
mented by Hojat et al. [21] and translated to Korean by Lee & Sohn [12]. The scale consists
of 15 items, namely sharing education and collaboration (7 items), care versus treatment
(3 items), nurses” autonomy (3 items), and physicians” authority (2 items), and was scored
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on a 4-point Likert scale ranging from “not at all” (1 point) to “very much” (4 points), with
higher scores indicating a more positive collaborative attitudes toward physician—nurse
collaboration. Item means were used in this study. Cronbach’s alpha values were 0.80 in
the study of Lee & Sohn [12] and 0.79 in this study.

2.4.3. Experience of Nursing Malpractice

Experience of nursing malpractice was defined as “experience of making a mistake
or recognizing nursing malpractice that could unexpectedly harm a patient while per-
forming nursing duties.” The number of incidents experienced, including near-misses,
was measured through self-assessment by participants using a structured questionnaire.
This variable was included based on the theoretical premise that improved speak-up com-
munication skills would enable novice nurses to voice safety concerns more effectively,
potentially reducing communication-related errors and malpractice incidents through en-
hanced interprofessional collaboration and timely intervention. The degree of nursing
malpractice experience was calculated as the incidence of experience x the number of
times experienced, with no experience receiving 0 points and experience receiving 1 point.
Higher scores indicate a higher degree of nursing malpractice experience. Participants
were assessed at 6 weeks post-intervention to allow sufficient time for the communication
training effects to manifest in clinical practice and influence safety-related outcomes.

2.5. Comparison with the Control Group

To minimize the risk of contamination between the control and experimental groups,
intervention and data collection were completed first for the control group then for the
experimental group. For comparison, the control group received a standardized traditional
educational intervention designed to provide equivalent content coverage while using con-
ventional teaching methods. The control group intervention consisted of three structured
components delivered over 110 min by the same research assistant using standardized
protocols. First, participants received a 40 min group lecture (4-6 participants per group)
on effective communication techniques, including ISBAR, check-back, the two-challenge
rule, and CUS, using identical theoretical content as the experimental group but delivered
through traditional presentation methods. Second, participants viewed a 10 min video
clip illustrating a physician-nurse communication scenario that demonstrated practical
application of the taught communication techniques. Third, participants engaged in a 60
min facilitated group discussion where they analyzed the communication skills demon-
strated in the video scenario using structured questions to ensure consistency across groups.
This methodology provided equivalent theoretical knowledge and reflection opportunities
while lacking the immersive, repetitive practice and individualized feedback characteristics
of the IVRS intervention, ensuring a fair comparison between traditional and innovative
educational approaches. All sessions were conducted in the same simulation laboratory
setting to control for environmental factors. For ethical considerations, the participants in
the control group were asked about their willingness to participate in the IVRS speak-up
training program for patient safety after completing the control group training. Those who
were willing were individually contacted and provided with the program after collecting
all the data for the experimental group.

2.6. Implementation of the IVRS Speak-Up Training Program in the Experimental Group

The IVRS training program was administered by a trained research assistant who had
completed a standardized training protocol covering VR equipment operation, scenario
management, debriefing using the Gather—Analyze-Summarize (GAS) model [16], and
emergency response procedures for VR-related adverse effects. To implement the IVRS
speak-up training program in the experimental group, a chair with back support was set
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up in an empty classroom at the simulation center of Yonsei University Wonju College
of Nursing. The space around the seat was cleared by removing obstructions around
it to prevent falls or collisions. Prior to the intervention, a trained research assistant
assessed each participant’s physical condition using a standardized checklist that included
fatigue, muscle pain, skin irritation, eye strain, and dizziness. The assistant also monitored
participants for any signs of discomfort after each simulation session. The intervention was
delivered to all participants in the experimental group by the same assistant in accordance
with the standardized procedure presented in Figure 1.

Through standardized checklists that documented adherence to the 200 min protocol
structure, completion of all four scenario-based sessions, and accurate implementation of
debriefing procedures, intervention fidelity was ensured. Two participants were scheduled
to arrive at the designated location simultaneously, with each engaging in the IVRS session
separately while maintaining an appropriate distance. After finishing the IVRS session,
both participants underwent debriefing, with the trained research assistant serving as the
facilitator for the IVRS and debriefing sessions. IVRS sessions were conducted with a
1:1 facilitator-to-participant ratio, whereas debriefing sessions were conducted with a 1:2
facilitator-to-participant ratio, following the GAS model [16]. After completing all four
scenario-based IVRS practice and debriefing sessions, which lasted for 200 min, participants
were advised to rest for 3 h given that VR-related symptoms may persist for 2-3 h [13]. This
precautionary rest period was implemented to address potential cybersickness, a common
side effect of prolonged VR exposure that can manifest as visual discomfort, nausea,
dizziness, or eye strain [19]. The IVRS program involved moderate interaction within the
virtual environment, including head movements for environmental observation and hand
controller use for interface navigation, but did not require excessive physical movement or
rapid motion that could exacerbate motion sickness symptoms. During the intervention,
participants remained seated with back support and were monitored continuously for
any signs of discomfort. The 3 h rest recommendation was based on established VR
safety protocols and manufacturer guidelines, as cybersickness symptoms typically resolve
within 2-3 h post-exposure for most individuals [19]. The research assistant conducted
systematic symptom assessments using a standardized checklist (including fatigue, muscle
pain, skin irritation, eye strain, and dizziness) both before and after each session, and only
terminated the IVRS speak-up training session after confirming through direct questioning
and observation that participants reported no adverse symptoms and appeared comfortable
to leave independently.

2.7. Data Collection

Figure 4 presents a flow chart illustrating the data collection process. Data for the
control and experimental groups were collected between June and October 2023 using
self-administered questionnaires. Outcome variables were assessed at three time points.
The pretest, conducted immediately before the intervention measured participants” general
characteristics, communication clarity, and collaborative attitudes. Post-test 1, administered
immediately after the intervention, evaluated communication clarity and collaborative
attitudes. Post-test 2, conducted 6 weeks post-intervention, assessed communication clarity,
collaborative attitudes, and experiences of nursing malpractice.
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Figure 4. Flow chart of the data collection process in this quasi-experimental study. IVRS = immersive
virtual reality simulation.

2.8. Ethical Considerations

This study was approved by the Research Ethics Review Committee (IRB No.
CR323014) of the Yonsei University Wonju Severance Christian Hospital. This ensured
ethical compliance and protected the privacy of the study participants. Prior to participa-
tion, the research purpose, methods, intervention program, and principles of anonymity
and confidentiality were explained to the participants. Moreover, the participants were
informed that their involvement in the study was voluntary and that they could withdraw
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at any time without penalty. Written informed consent was obtained from all participants
prior to data collection. The collected data were coded to maintain anonymity and stored on
the researcher’s password-protected personal computer. Written documents were securely
stored in a double-locked filing cabinet. Upon the completion of the study, a small token of
appreciation (beverage coupon) was provided to all participants for their contribution.

2.9. Data Analysis

The collected data, which contained no missing values, were analyzed using the Sta-
tistical Package for the Social Sciences version 27.0 (IBM, New York, NY, USA). Descriptive
statistics were used to analyze participants’ general characteristics. Homogeneity between
groups was tested using the x? test, Fisher’s exact test, and independent t-test. Data nor-
mality was assessed using the Shapiro-Wilk test, revealing non-normal distributions for
communication clarity (W = 0.94, p = 0.048) and collaborative attitudes (W = 0.91, p = 0.021).
Group x time interaction effects were evaluated across three time points, using a general-
ized linear mixed model. Post hoc pairwise comparisons were conducted using Wilcoxon’s
signed-rank test for within-group changes and Mann-Whitney U tests for between-group
comparisons. Effect sizes were calculated with partial eta squared (np) for mixed models
and r for nonparametric tests, using conventional interpretation criteria (small, medium,
and large: 0.01, 0.06, and 0.14 for n%p; 0.10, 0.30, and 0.50 for r, respectively). Bootstrap
methods were used for calculating 95% confidence intervals (95% Confidence Intervals,
ClIs). To account for multiple comparisons, we used the Benjamini-Hochberg procedure. A
p-value of <0.05 indicated statistical significance.

3. Results

The reported results are based on unadjusted estimates, with 95% Cls provided to
indicate the precision of the outcomes. Baseline comparison and homogeneity testing
revealed no covariates as potential confounders. All continuous variables, including age
and clinical experience, were analyzed as continuous measures without categorization.

3.1. Homogeneity Verification of the Experimental and Control Groups

All 36 enrolled novice nurses met the eligibility criteria and completed the study with-
out dropout. Their data were then included in the final analysis, confirming the integrity
of the sample. No significant differences were observed in the general characteristics (sex,
age, clinical experience, and past VR learning experience) and baseline outcome variables
(communication clarity and collaborative attitudes) between the experimental and control
groups, confirming the homogeneity of the groups (Table 1).

Table 1. Homogeneity of the experimental and control groups (N = 36).

Experimental Group Control Group
Variables Categories (n=18) (n=18) tx (p)
n (%) orM + SD
General characteristics
Male 3(17) 6(33)
Sex 1.33(0.443)2
Female 15 (83) 12 (67)
Age (years) 2339 +1.46 2472 +2.99 1.70 (0.101)
Clinical experience (months) 2.61+£0.71 1.94 £1.00 1.42 (0.166)
. Yes 4(22) 5(28)
VR lea}‘nlng 0.15(1.000) *
experience No 14 (88) 13 (72)
Baseline outcome variables
Communication clarity 4.21 +£0.59 4.13+£0.49 0.46 (0.646)
Collaborative attitudes 3.58 +0.22 3.44+0.29 1.57(0.126)

M = mean; SD = standard deviation; VR = virtual reality. * Fisher’s exact test.
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3.2. Effectiveness Evaluation of the IVRS Speak-Up Training Program

The results of the effective evaluation of the IVRS speak-up training program are
summarized in Table 2.

Table 2. Effectiveness of the IVRS Speak-Up training program (N = 36).

Pretest Post-Test 1 Post-Test 2 Post-Test 1: Post-Test 2:

Pretest Pretest F (p)
Outcome Variables Groups Source n2p
Z(p) Z (p) 95% CI
M+ SD [95% CI] [95% CI] 195% €1l
] , 0.31(0.580
Experimental 4214059 4644048 4424043 2.70(0.007)* 1.61(0.108) ® G 0 5)09 )
(n=18) - . ’ : . - [0.12,0.74] [-0.04, 0.46] -
[0.000,0.112]
9.42 (<0.001)
o Control 2.59 (0.010) @ 2.85 (0.004) 2
Communication (n=18) 4134049 4.46 +0.49 447 +053 [0.08, 0.58] 0,11, 0.57] T 0.217
clarity [0.078,0.380]
Between-
group 0.43 (0.668) ®, 1.27(0.203) ®, 0.68 (0.495) °, 0.84(0.437)
comparison 0.07 021 0.11 GxT 0.024
lep) . : : : [0.000, 0.141]
' 9.22(0.005
Experimental 358 +0.22 3.78+0.17 3.75+0.17 3.31 (0.001) ¢ 2.97 (0.003) * G o.(213 )
(1=18) [0.08,0.32] [0.06, 0.29] [0.047, 0.380]
7.76 (0.001)
_ Control 0.20 (0.842) 1.88 (0.060) @
Collaborative (n=18) 3444029 3444037 3.56 +0.26 [0.12.0.12] [0.01.0.25] T 0.186
attitudes [0.055,0.343]
Between-
group 1.48 (0.139) ®, 2.79 (0.005) b, 2.35(0.019) b, 4.23(0.020)
comparison 0.25 0.47 0.39 GxT 0.111
Zf(’p) ° : - - [0.007, 0.264]
Experimental
(n=18) 0.50 + 0.62
C"ftlrgl 072 +£1.07
Experience of (n=18)
nursing malpractice Between-
group 0.16 (0.872) ®,
comparison 0.03
Z(p),r

G = Group; G x T = group X time interaction; T = time; M = mean; SD = standard deviation; CI = confidence
interval; IVRS = immersive virtual reality simulation. n%p = partial eta squared (small: 0.01, medium: 0.06,
large: 0.14). r = effect size for Mann-Whitney U test (small: 0.10, medium: 0.30, large: 0.50). Statistical tests:
Wilcoxon'’s signed-ranks test; ® Mann-Whitney U test. Pretest = immediately before the intervention; Post-test 1 =
immediately after the intervention; Post-test 2 = 6 weeks after the intervention.

Communication clarity showed no significant interaction effect between groups and
time points (F = 0.84, p = 0.437, nzp =0.024), though the time effect was significant (F = 9.42,
p < 0.001, nzp = 0.217), indicating that both groups improved over time. Significant im-
provements were observed in the experimental group from pretest to post-test 1 (Z = 2.70,
p = 0.007) but were not sustained at 6 weeks (Z = 1.61, p = 0.108). Conversely, the control
group showed sustained improvements at post-test 1 (Z = 2.59, p = 0.010) and post-test
2 (Z = 2.85, p = 0.004). Between-group comparisons revealed no statistically significant
differences at any time point.

Collaborative attitudes demonstrated significant group differences (F = 9.22, p = 0.005,
n2p = 0.213), time effects (F = 7.76, p = 0.001, nzp = 0.186), and importantly, a significant
group x time interaction (F = 4.23, p = 0.020, n?p = 0.111). The experimental group showed
significant improvements from pretest to both post-test 1 (Z = 3.31, p = 0.001) and post-test
2(Z =297, p = 0.003), demonstrating sustained positive effects. In contrast, the control
group showed no significant improvement at post-test 1 (Z = 0.20, p = 0.842), with only
marginal improvement at post-test 2 (Z = 1.88, p = 0.060). Between-group comparisons
revealed significantly higher collaborative attitudes in the experimental group at post-test
1(Z=2.79,p=0.005, r = 0.47) and post-test 2 (Z = 2.35, p = 0.019, r = 0.39).
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No significant difference in nursing malpractice experience was observed between
the experimental group (M = 0.50 & 0.62) and control group (M = 0.72 £ 1.07) at 6 weeks
post-intervention (Z = 0.16, p = 0.872, r = 0.03).

4. Discussion

This study examined the short- and long-term effectiveness of an IVRS speak-up train-
ing program for novice nurses. Adapted from a previously validated program for nursing
students [15], this novel intervention incorporated structured communication strategies
to enhance novice nurses’ ability to express concerns and convey clinical observations
effectively. The findings demonstrated long-term improvements in collaborative attitudes
(sustained at 6 weeks) and short-term improvements in communication clarity. Therefore,
IVRS-based speak-up communication training may be useful in strengthening interpro-
fessional teamwork and patient safety competencies during the early stages of nursing
practice of novice nurses.

First, the experimental group showed a significant improvement in collaborative
attitudes, which was maintained at 6 weeks post-intervention, demonstrating short- and
long-term effects of the training. This finding underscores the effectiveness of IVRS speak-
up training program in fostering interprofessional collaboration, which is essential for
ensuring patient safety. The structured practice of mutually supportive communication
strategies, particularly the two-challenge rule and the CUS technique, through four learning
experience scenarios appears to have contributed meaningfully to the development of
collaborative attitudes between novice nurses and physicians. This result aligns with
previous findings demonstrating that immersive and interactive communication training
can enhance interprofessional collaboration and team performance in healthcare settings [11,
22-24].

Notably, the IVRS speak-up program provides advantages that are unique from those
of traditional simulation approaches. It creates a psychologically safe learning environment,
allowing novice nurses to practice assertive communication in 3D virtual spaces without
fear of judgment from observers or instructors; this fear is a critical barrier to speaking up in
hierarchical clinical settings [7,25]. Unlike conventional group-based training, participants
in this program engaged in realistic hierarchical scenarios as IVRS that mirror actual
nurse-physician power dynamics; thus, they could experience and practice speaking up in
situations that closely replicate clinical reality. In addition, through exposure to multiple
patient scenarios and complex interprofessional relationships, learners can navigate diverse
communication challenges while receiving immediate feedback on the consequences of their
communication choices [26]. Thus, this experiential learning approach may be particularly
valuable for novice nurses with limited opportunities to engage in direct communication
with physicians during the early stages of their clinical practice [7].

In particular, Liaw et al. [23] found that practicing structured and assertive communica-
tion methods such as ISBAR and the CUS technique in VR environments increased learners’
confidence and sense of team identity in interprofessional interactions. The substantial
improvement in collaborative attitudes among the experimental group suggests that im-
mersive and realistic situational contexts offered by IVRS fosters a better understanding
with interprofessional collaboration [10]. As a supplemental modality to traditional group-
based education and discussion, this training approach may help novice nurses enhance
essential communication competencies, thereby promoting safer and more collaborative
care environments.

Second, communication clarity showed no significant interaction effect between
groups and time points, though improvements were observed in both groups immediately
after the intervention. The pattern of short-term improvement observed among novice
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nurses aligns with the original IVRS program, which exhibited significant short-term im-
provements in team communication among undergraduate nursing students [15], and
with previous studies demonstrating that assertiveness training through group lectures or
discussions can effectively strengthen communication competencies [4,5,12,20]. Therefore,
IVRS-based communication training has inherent characteristics that promote immediate
skill acquisition but may require additional strategies to ensure long-term retention.

Remarkably, compared with the control group, the experimental group exhibited
significantly greater improvements in communication clarity at post-test 1; however, this
effect was not sustained at 6 weeks post-intervention. This decline indicates that the current
single-session training approach, although it provided four multi-patient scenarios and
was effective for immediate learning, may be insufficient for sustained behavioral change
in complex clinical environments.

Alternatively, the observed decline may not reflect an actual reduction in commu-
nication ability but rather an increase in self-criticism. Given that this study utilized a
self-assessment version of the Communication Clarity Scale [20] instead of the original
observer-rated tool [13], the results may be particularly susceptible to changes in partici-
pants’ self-assessment standards. Increased confidence in interprofessional communication
following IVRS education [23] may have led participants to adopt more rigorous criteria
for assessing their own performance through this self-assessment format. In particu-
lar, the immersive nature of IVRS, supported by real-time feedback that highlights the
immediate consequences of communication choices, may have enhanced participants’
metacognitive awareness of communication effectiveness, leading them to apply stricter
self-evaluation standards for communication clarity. Furthermore, engaging in assertive
communication across four realistic virtual scenarios may have developed participants’ crit-
ical self-reflection abilities, prompting more rigorous self-assessment during the follow-up
period.

To address these limitations, nurses in future interventions should provide repetitive
or booster training sessions at strategic intervals for novice ones before the 6-week mark
to maintain initial gains. Spaced repetition and distributed practice have been reported to
significantly enhance long-term retention of complex skills [8]. To sustain communication
competencies over time, IVRS speak-up training may be combined with other evidence-
based educational modalities, such as high-fidelity simulation training [16], mentorship
programs [7], or reflective practice components [27]. Notably, IVRS speak-up training using
an HMD in a 3D virtual space offers unique benefits that merit further exploration, particu-
larly its ability to simulate complex multi-patient scenarios and intricate interprofessional
dynamics that would be difficult to replicate in traditional simulation settings [26]. This
modality ensures learner safety and supports repeated, immersive practice without time or
physical space constraints.

In addition to its educational benefits, the IVRS program demonstrated notable cost-
effective scalability compared to traditional high-fidelity simulation approaches [28]. The
initial set up cost included Oculus Quest 2 HMDs, Unity 3D software licensing, and one-
time development expenses for scenario programming. However, once established, the
system requires minimal ongoing costs for maintenance and can accommodate multi-
ple training sessions without additional material expenses or specialized facility require-
ments [29]. Unlike traditional simulation that necessitates expensive mannequins, ded-
icated simulation laboratories, and multiple trained facilitators [30], the IVRS approach
requires only standard classroom space and one trained research assistant per session. This
cost-effectiveness, combined with the program’s ability to provide consistent, standardized
training experiences regardless of location or time constraints [28], makes it particularly
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attractive for healthcare institutions seeking to implement comprehensive communication
training programs for novice nurses.

Lastly, the current study found no statistically significant differences in the frequency
of nursing malpractice experiences between the experimental and control groups. This
outcome may be attributed to the short 6-week evaluation period for the novice nurses
included in this study, which may be insufficient to observe measurable changes in the
frequency of malpractice experience. Additionally, novice nurses may require more time
and practical opportunities to fully integrate assertive communication behaviors into their
clinical practice [4,6]. Nevertheless, considering previous studies showing that effective
team communication and positive collaborative attitudes can prevent medical errors [12,23],
the IVRS speak-up program developed in this study, which provides a highly immersive
and repeatable learning experience, is expected to be essential for patient safety by helping
reduce potential nursing errors among novice nurses in the future.

The present study highlights important implications for interprofessional communi-
cation education, demonstrating the utility of IVRS as a transformative educational tool
for novice nurses. By integrating standardized communication techniques (ISBAR and
check-back) with mutually supportive communication techniques (two-challenge rule and
CUS) through four multi-patient scenarios in an immersive educational environment, the
program provides an effective learning experience that addressed limitations of traditional
group education and discussions, thereby enhancing novice nurses’ speak-up communica-
tion skills for patient safety. A unique advantage of the program is its capacity to create
psychologically safe environments, allowing learners to practice assertive communication
without external observation, navigate realistic hierarchical and multi-patient scenarios,
and receive immediate feedback on their communication choices. Our results emphasize
that IVRS speak-up training can compensate for the limitations of high-fidelity simula-
tion training, which requires the construction of a simulation training environment and
a skilled instructor [15,23]. This advantage suggests the potential of the IVRS speak-up
training program to complement existing educational modalities by providing realistic,
risk-free environments that enhance novice nurses’ competencies while facilitating flexi-
ble implementation of booster sessions when needed for sustained skill acquisition over
time. Furthermore, our results showed that learning assertive communication for patient
safety through the IVRS speak-up training program effectively promoted sustained positive
improvements in collaborative attitudes perceived by novice nurses. This finding demon-
strates the value of using the IVRS speak-up training program as a self-paced, repeatable
training program for improving the capabilities of novice nurses who may experience diffi-
culties in demonstrating interprofessional teamwork necessary to maintain patient safety
in clinical environments. Given the increasing emphasis placed by healthcare systems on
interprofessional collaboration, the IVRS speak-up training program for patient safety is
expected to prepare novice nurses for interprofessional collaboration.

The present study has several limitations that warrant acknowledgment. First, the rel-
atively small sample size and quasi-experimental design involving non-equivalent groups
may restrict generalizability and introduce potential threats to internal validity. Future
research should employ randomized controlled trial designs with larger and more hetero-
geneous participant pools. Second, reliance on self-reported data may have introduced
social desirability or recall bias. Future studies should incorporate observational assess-
ments by trained raters to yield more objective insights into intervention effectiveness.
Third, a significant limitation of this study lies in the comparison between IVRS and tradi-
tional lecture-based discussion format, which represents substantially different educational
modalities. While this comparison demonstrated the superiority of active, immersive
learning over passive educational approaches, it may be considered somewhat predictable
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given the extensive literature already establishing the advantages of simulation-based
learning over traditional lecture formats. The marked difference between these two educa-
tional approaches may have contributed to the significant outcomes observed, potentially
limiting the specificity of insights regarding IVRS effectiveness compared to other active
learning strategies. Future research should prioritize direct comparisons between IVRS and
traditional high-fidelity simulation to determine unique virtual reality benefits. Additional
promising directions include longitudinal studies examining training durability beyond 6
weeks; comparative effectiveness research with emerging technologies; dose-response in-
vestigations; and cost-effectiveness analyses. These studies would provide comprehensive
evidence for IVRS applications while addressing current methodological limitations.

5. Conclusions

In this quasi-experimental study conducted at a single tertiary hospital, the IVRS speak-
up training program demonstrated effectiveness in enhancing assertive communication
skills among the 36 novice nurses who participated. Within this sample, the results suggest
that the program contributed to short-term improvements in communication clarity and
fostered sustained improvements in collaborative attitudes, which are critical challenges
for novice nurses navigating hierarchical clinical contexts. The sustained enhancement
in collaborative attitudes lasting for 6 weeks post-intervention observed in this study
population particularly highlights the program’s potential for impact on interprofessional
relationships in similar clinical settings. In addition, given the study’s single-site design
and convenience sampling approach, these findings should be interpreted within the
context of the specific participant characteristics and institutional environment studied. For
healthcare institutions with similar organizational structures and novice nurse populations,
integrating this type of IVRS training into traditional communication education may serve
as a potentially meaningful strategy to strengthen interprofessional collaboration and
advance patient safety in clinical practice.
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BP Blood Pressure

Bpm Beat per Minute

BT Body Temperature

Ccus Concerned, Uncomfortable, Safety

GAS Gather, Analyze, Summarize

GS General Surgery

HMD Head-mounted Display

HR Heart Rate

INACSL International Nursing Association of Clinical Simulation and Learning
ISBAR Identification, Situation, Background, Assessment, Recommendation
v Intravenous

IVRS Immersive Virtual Reality Simulation

JP Jackson-Pratt

02 Oxygen

OoP Operation

PCA Patient-controlled Analgesia

POD Postoperative Day

PRN as needed

RR Respiration Rate

TeamSTEPPS  Team Strategies and Tools to Enhance Performance and Patient Safety
VR Virtual Reality

VRS Virtual Reality Simulation

3D Three-dimensional

References

1. Okuyama, A.; Wagner, C.; Bijnen, B. Speaking up for patient safety by hospital-based health care professionals: A literature
review. BMC Health Serv. Res. 2014, 14, 61. [CrossRef]

2. Nakatani, K.; Nakagami-Yamaguchi, E.; Hagawa, N.; Tokuwame, A.; Ehara, S.; Nishimura, T.; Mizobata, Y. Evaluation of a new
patient safety educational programme to reduce adverse events by encouraging staff to speak up: Application of the trigger tool
methodology. BM] Open Qual. 2024, 13, e002162. [CrossRef]

3. McCoy, L.; Lewis, ].H.; Simon, H.; Sackett, D.; Dajani, T.; Morgan, C.; Hunt, A. Learning to speak up for patient safety:
Interprofessional scenarios for training future healthcare professionals. J. Med. Educ. Curric. Dev. 2020, 7, 2382120520935469.
[CrossRef]

4.  Abdelaziz, EM.; Diab, I.A.; Ouda, M.M.A.; Elsharkawy, N.B.; Abdelkader, F.A. The effectiveness of assertiveness training
program on psychological wellbeing and work engagement among novice psychiatric nurses. Nurs. Forum 2020, 55, 309-319.
[CrossRef] [PubMed]

5. Lee, E.; De Gagne, ].C.; Randall, P.S.; Kim, H.; Tuttle, B. Effectiveness of speak-up training programs for clinical nurses: A scoping
review. Int. J. Nurs. Stud. 2022, 136, 104375. [CrossRef]

6. Jeong, ].H.; Kim, S.S. South Korean Nurses” experiences of speaking up for patient safety and incident prevention. Healthcare
2023, 11, 1764. [CrossRef] [PubMed]

7. Law, B.Y;; Chan, E.A. The experience of learning to speak up: A narrative inquiry on newly graduated registered nurses. J. Clin.
Nurs. 2015, 24, 1837-1848. [CrossRef] [PubMed]

8.  Sullivan, N. An integrative review: Instructional strategies to improve nurses’ retention of cardiopulmonary resuscitation
priorities. Int. J. Nurs. Educ. Scholarsh. 2015, 12, 37-43. [CrossRef]

9. Chou, C.H.; Tai, H.C,; Chen, S.L. The effects of introducing virtual reality communication simulation in students’ learning in a
fundamentals of nursing practicum: A pragmatic randomized control trials. Nurse Educ. Pract. 2024, 74, 103837. [CrossRef]

10. Mazur, L.; Butler, L.; Mitchell, C.; Lashani, S.; Buchanan, S.; Fenison, C.; Adapa, K; Tan, X.; An, S;; Ra, J. Effect of immersive

Abbreviations

The following abbreviations are used in this manuscript:

virtual reality teamwork training on safety behaviors during surgical cases: Nonrandomized intervention versus controlled pilot
study. JMIR Med. Educ. 2025, 11, e66186. [CrossRef]


https://doi.org/10.1186/1472-6963-14-61
https://doi.org/10.1136/bmjoq-2022-002162
https://doi.org/10.1177/2382120520935469
https://doi.org/10.1111/nuf.12430
https://www.ncbi.nlm.nih.gov/pubmed/32034762
https://doi.org/10.1016/j.ijnurstu.2022.104375
https://doi.org/10.3390/healthcare11121764
https://www.ncbi.nlm.nih.gov/pubmed/37372881
https://doi.org/10.1111/jocn.12805
https://www.ncbi.nlm.nih.gov/pubmed/25753769
https://doi.org/10.1515/ijnes-2014-0012
https://doi.org/10.1016/j.nepr.2023.103837
https://doi.org/10.2196/66186

Healthcare 2025, 13, 2435 19 of 19

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Agency for Healthcare Research and Quality. TeamSTEPPS 3.0. Team Strategies & Tools to Enhance Performance and Patient
Safety. Available online: https://psnet.ahrq.gov/issue/teamstepps-strategies-and-tools-enhance-performance-and-patient-
safety (accessed on 7 June 2024).

Lee, S.; Sohn, S. Relationship between assertiveness and attitudes toward nurse-physician collaboration in general hospital nurses.
J. East-West Nur. Res. 2015, 21, 156-164. [CrossRef]

Marshall, S.; Harrison, J.; Flanagan, B. The teaching of a structured tool improves the clarity and content of interprofessional
clinical communication. Qual. Saf. Health Care 2009, 18, 137-140. [CrossRef] [PubMed]

Kiegaldie, D.; Shaw, L. Virtual reality simulation for nursing education: Effectiveness and feasibility. BMC Nurs. 2023, 22, 488.
[CrossRef] [PubMed]

Hur, HK,; Kim, J.; Jung, J.S. Enhancing nursing team communication and collaboration: Impact of immersive virtual reality
simulation on nursing students. Clin. Simul. Nurs. 2025, 102, 101685. [CrossRef]

Watts, P1.; Rossler, K.; Bowler, F.; Miller, C.; Charnetski, M.; Decker, S.; Molloy, M.A.; Persico, L.; McMahon, E.; McDermott, D.;
et al. Onward and upward: Introducing the healthcare simulation standards of best Practice™. Clin. Simul. Nurs. 2021, 58, 1-4.
[CrossRef]

Lima, I.B.; Jeong, Y.; Lee, C.; Suh, G.; Hwang, W. Correlation between number of usability problems and System Usability Scale
(SUS) score. In Proceedings of the 2020 Fall Conference of the Ergonomics Society of Korea, Jeju, Republic of Korea, 28-31 October
2020; pp. 191-194.

Yu, M.; Yang, M.; Ku, B.; Mann, ].S. Effects of virtual reality simulation program regarding high-risk neonatal infection control on
nursing students. Asian Nurs. Res. (Korean Soc. Nurs. Sci.) 2021, 15, 189-196. [CrossRef]

Ministry of Science and ICT, National IT Industry Promotion Agency. VR-AR Device Production and Use Guidelines. Available
online: https://www.nipa.kr/home/2-7-1-1/8150 (accessed on 7 June 2024).

Cho, H.J. The Effect of ISBAR Program Education on a Nurse’s Communication Clarify and Self Expression. Master’s Thesis,
Yonsei University, Seoul, Republic of Korea, 2013.

Hojat, M.; Fields, S.K.; Veloski, ].J.; Griffiths, M.; Cohen, M.J.; Plumb, J.D. Psychometric properties of an attitude scale measuring
physician-nurse collaboration. Eval. Health Prof. 1999, 22, 208-220. [CrossRef]

Chen, A.S,; Yau, B.; Revere, L.; Swails, J. Implementation, evaluation, and outcome of TeamSTEPPS in interprofessional education:
A scoping review. ]. Interprof. Care 2019, 33, 795-804. [CrossRef]

Liaw, S.Y.; Ooi, S.W.; Rusli, K.D.B.; Lau, T.C.; Tam, WW.S.; Chua, W.L. Nurse-physician communication team training in virtual
reality versus live simulations: Randomized controlled trial on team communication and teamwork attitudes. J. Med. Internet Res.
2020, 22, €17279. [CrossRef]

Rash, I; Shi, K,; Sussel, R.; Smith, R.; Thompson, S.; Cai, E.; Nguyen, T.D.; Cheng, J.; Gong, W.; Farahmand, S.; et al. Virtual 3D
simulation technology for interprofessional team training. Simul. Gaming 2023, 55, 281-301. [CrossRef]

Hanson, J.; Walsh, S.; Mason, M.; Wadsworth, D.; Framp, A.; Watson, K. ‘Speaking up for safety’: A graded assertiveness
intervention for first year nursing students in preparation for clinical placement: Thematic analysis. Nurse Educ. Today 2020, 84,
104252. [CrossRef]

Bradley, C.S.; Aebersold, M.; Diclimente, L.; Flaten, C.; Muehlbauer, M.K.; Loomis, A. Breaking boundaries: How immersive
virtual reality is reshaping nursing education. J. Nurs. Regul. 2024, 15, 28-37. [CrossRef]

Aitken, J.A.; Torres, E.M.; Kaplan, S.A.; DiazGranados, D.; Su, L.; Parker, S.H. Influence of simulation-based training on reflective
practice. BMJ Simul. Technol. Enhanc. Learn. 2021, 7, 638-640. [CrossRef] [PubMed]

Radianti, J.; Majchrzak, T.A.; Fromm, J.; Wohlgenannt, I. A systematic review of immersive virtual reality applications for higher
education: Design elements, lessons learned, and research agenda. Comput. Educ. 2020, 147, 103778. [CrossRef]

Merchant, Z.; Goetz, E.T.; Cifuentes, L.; Keeney-Kennicutt, W.; Davis, T.]J. Effectiveness of virtual reality-based instruction on
students’ learning outcomes in K-12 and higher education: A meta-analysis. Comput. Educ. 2014, 70, 29-40. [CrossRef]

Cant, R.P; Cooper, S.J. Use of simulation-based learning in undergraduate nurse education: An umbrella systematic review.
Nurse Educ. Today 2017, 49, 63-71. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://psnet.ahrq.gov/issue/teamstepps-strategies-and-tools-enhance-performance-and-patient-safety
https://psnet.ahrq.gov/issue/teamstepps-strategies-and-tools-enhance-performance-and-patient-safety
https://doi.org/10.14370/jewnr.2015.21.2.156
https://doi.org/10.1136/qshc.2007.025247
https://www.ncbi.nlm.nih.gov/pubmed/19342529
https://doi.org/10.1186/s12912-023-01639-5
https://www.ncbi.nlm.nih.gov/pubmed/38114940
https://doi.org/10.1016/j.ecns.2025.101685
https://doi.org/10.1016/j.ecns.2021.08.006
https://doi.org/10.1016/j.anr.2021.03.002
https://www.nipa.kr/home/2-7-1-1/8150
https://doi.org/10.1177/01632789922034275
https://doi.org/10.1080/13561820.2019.1594729
https://doi.org/10.2196/17279
https://doi.org/10.1177/10468781231222969
https://doi.org/10.1016/j.nedt.2019.104252
https://doi.org/10.1016/S2155-8256(24)00053-X
https://doi.org/10.1136/bmjstel-2021-000870
https://www.ncbi.nlm.nih.gov/pubmed/34484807
https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.1016/j.compedu.2013.07.033
https://doi.org/10.1016/j.nedt.2016.11.015

	Introduction 
	Materials and Methods 
	Study Design 
	IVRS Speak-Up Program 
	Development Process of the IVRS Speak-Up Training Program 
	Description of the IVRS Speak-Up Training Program 

	Participants and Setting 
	Measurements 
	Communication Clarity 
	Collaborative Attitudes 
	Experience of Nursing Malpractice 

	Comparison with the Control Group 
	Implementation of the IVRS Speak-Up Training Program in the Experimental Group 
	Data Collection 
	Ethical Considerations 
	Data Analysis 

	Results 
	Homogeneity Verification of the Experimental and Control Groups 
	Effectiveness Evaluation of the IVRS Speak-Up Training Program 

	Discussion 
	Conclusions 
	References

