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Abstract

Background This study compared scenario-based generative artificial intelligence (GenAl) patient simulation
with immersive 360° virtual reality (VR) simulation in terms of perceived clinical competence, cultural awareness, Al
readiness, and simulation effectiveness among nursing students.

Methods This cross-over randomised controlled study design was conducted from June 2024 to August 2024. Forty-
four undergraduate nursing students from years 1-3 were randomised to receive either GenAl patient simulation
(Group B) or 360° VR simulation (Group A) with a one-week washout period. Five self-reported questionnaires were
used to measure clinical competency: the Clinical Competence Questionnaire (CCQ), Cultural Awareness Scale (CAS),
Medical Artificial Intelligence Readiness Scale for Medical Students (MAIRS-MS), Simulation Effectiveness Tool —
Modified Questionnaire (SET-M), and a demographic questionnaire.

Results Both interventions significantly improved clinical competence, cultural awareness, and Al readiness.

When administered first, GenAl patient simulation demonstrated greater initial effects on clinical competence

and Al readiness compared to the 360° VR simulation, though both groups achieved similar improvements by
study completion. At T1, Group B (receiving GenAl) demonstrated significantly larger improvements in CCQ total
score [47.68 (95% Cl: 36.68, 58.68), p < 0.001] compared to Group A (receiving 360° VR) [24.95 (95% Cl: 13.96, 35.95),
p <0.001], with significant between-group difference [16.59 (95% Cl: 2.77,30.41), p=0.020]. At T2 (post-crossover),
both groups maintained significant improvements. For MAIRS-MS (measured at baseline and following each group’s
GenAl exposure), Group B showed improvement from baseline to T1 [30.18 (95% Cl: 23.35,37.01), p < 0.001] while
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Clinical trial registration/number Not applicable.

Group A showed improvement from baseline to T2 [16.64 (95% Cl: 9.80, 23.47), p < 0.001], with significant between-
group difference [12.09 (95% Cl: 4.43, 19.75), p=0.003]. Both groups experienced changes in CAS scores, though
between-group differences were not statistically significant. For SET-M, most participants (75%) felt debriefing
contributed to their learning, and 68.2% reported increased confidence in nursing assessment skills.

Conclusions The findings provide preliminary evidence of its effectiveness in enhancing perceived clinical outcomes
among nursing students. Both 360° VR simulation and GenAl patient simulation may serve as effective teaching tools;
however, GenAl patient simulation appeared to demonstrate a greater initial effect on clinical competence and Al
readiness, although both interventions proved effective across all measured domains.

Keywords Generative artificial intelligence, Patient simulation, Clinical reasoning, 360-degree virtual reality, Clinical
competence, Medical language, Nursing education, Randomised controlled trial

Introduction

The integration of artificial intelligence (AI) into health-
care has prompted a growing emphasis in the literature
on the necessity of Al readiness among nursing stu-
dents and professionals. Al readiness encompasses the
knowledge, skills, and attitudes required for the practi-
cal application of Al in healthcare, including preventive
measures, diagnostics, treatment, and comprehensive
care delivery [1]. However, the potential for Al to per-
petuate biases and adversely affect patient care has been
noted, emphasizing the need for rigorous training and
oversight [2]. To mitigate these risks, nursing curricula
should proactively foster Al readiness through targeted
education on Al fundamentals, its strengths and limita-
tions, and ethical considerations. The literature supports
curricular innovations, such as dedicated coursework
and simulation-based learning with GenAl, to build
foundational Al readiness and reduce biases in health-
care [3, 4]. Further research is needed to systematically
evaluate various pedagogical approaches utilizing Al and
their long-term effects.

Background
The increasing integration of artificial intelligence (AI)
into healthcare has underscored the necessity for nurs-
ing students and professionals to develop Al readiness
[5]. This readiness is crucial, as Al technologies, includ-
ing virtual reality (VR) and conversational agents, are
becoming increasingly integral to nursing education,
thereby enhancing learning experiences by providing
immersive and interactive environments [6]. Notably,
360° VR videos simulate health and social care scenarios
that are typically inaccessible in traditional educational
settings, thereby significantly improving communication
skills and self-efficacy in Al-enabled simulations. How-
ever, concerns exist regarding AI’s perceived human-like
qualities, which could impact the authenticity of these
simulations [7, 8].

Building on this foundation, pilot studies have dem-
onstrated that integrating 360° VR simulation with

structured debriefing through learning management sys-
tems (LMS) can enhance students’ clinical competence
and confidence in decision-making [9, 10]. This approach
not only fosters a deeper understanding of clinical sce-
narios but also prepares students for the complexities of
Al-driven healthcare environments. The emergence of
Generative Al (GenAl) patient simulation represents a
novel trend in nursing education, necessitating targeted
education on Al fundamentals, its strengths, limitations,
and ethical considerations [11].

The literature further emphasizes the importance of
stakeholder engagement and a comprehensive under-
standing of Al’s clinical role [12]. This includes integrat-
ing coursework that addresses Al biases, ensuring that
future nurses are equipped to navigate the ethical and
practical challenges posed by Al technologies [13]. Nurs-
ing practice requires providing care to patients from
diverse cultural backgrounds. However, there are con-
cerns that unintentional biases inherent in Al systems
may influence learners’ cultural awareness when caring
for clients [14]. While text-to-text GenAl tools like Chat-
GPT offer educational benefits, caution is advised due to
potential risks, including AI hallucination, misinforma-
tion, and cultural sensitivity issues [15]. These findings
advocate for urgent curricular reform to prepare nurses
for Al practice, highlighting the need for a balanced
approach that leverages AI’s potential while mitigating its
risks [16, 17].

Simulation-based GenAl learning has been shown to
enhance Al readiness and reinforce core nursing con-
cepts [18]. Students exposed to GenAl-generated cases
exhibit improved clinical reasoning compared to those
trained through traditional methods [19]. This suggests
that GenAl can play a pivotal role in preparing nursing
students for real-world clinical challenges. However, fur-
ther research is imperative to optimize the integration of
GenAl into nursing education while ensuring that train-
ing remains bias-free.

In summary, the adoption of Al in nursing education is
accelerating, necessitating improved competency among
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students and faculty. Current literature supports curricu-
lar innovations such as dedicated coursework and GenAlI
simulations to build AI readiness and mitigate biases.
Future research should systematically evaluate various
Al pedagogical approaches and their long-term impacts,
ensuring that nursing education evolves in tandem with
technological advancements in healthcare.

Research question

Does participation in generative artificial intelligence
(GenAl) patient simulation, compared to immersive 360°
virtual reality (VR) simulation, lead to greater improve-
ments in clinical competence, cultural awareness, and Al
readiness among global undergraduate nursing students?

Methods

Study design

This was a cross-over randomised controlled study with
two intervention arms: GenAl and 360° VR simulation.
The participants were allocated equally to the study arms.

Study participants

Forty-four undergraduate nursing students from Hong
Kong, Taiwan, Thailand, Spain, South Korea, and Austra-
lia, in their first, second, and third years of study, partici-
pated. Subgroups were created, each consisting of three
undergraduate nursing students from various academic
years. A total of 22 participants were randomly assigned
to Group A (who received the 360° VR simulation first
and GenAlI second), and the other 22 participants were
assigned to Group B (who received GenAl first and the
360° VR simulation second). The allocation process was
randomised with a 1:1 allocation ratio. This sequence was
generated by an independent researcher to ensure unbi-
ased assignment and was concealed from both the par-
ticipants in the two groups and the researchers involved
in the study. Moreover, all participants provided written
informed consent before the study, and the voluntary
nature of participation and the confidentiality of the data
were strongly emphasized throughout the process. This
study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong
Kong West Cluster (IRB number: UW 24-396).

Data collection

ccQ

The 47-item CCQ, originally developed by Liou, was uti-
lized in this study to assess participants’ self-perceived
clinical competency at both TO and T1 [20]. The ques-
tionnaire consists of four competency components,
namely nursing professional behaviours (NP; 16 items,
score range: 16—-90), general performance (GP; 13 items,
score range: 13—65), core nursing skills (CNS; 12 items,
score range: 12-60), and advanced nursing skills (ANS; 6
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items, score range: 6—30). The items are scored using a
5-point Likert scale (1 = ‘Do not have a clue’; 2 = ‘Know
in theory, but not confident at all in practice’; 3 = ‘Know
in theory, can perform some parts in practice indepen-
dently, and need supervision to be readily available’; 4 =
‘Know in theory, competent in practice, need contactable
sources of supervision’; 5 = ‘Know in theory, competent
in practice without supervision’). The total score ranges
from 47 to 235 [20]. A higher score indicates higher per-
ceived competence. Cronbach’s alpha for the CCQ was
0.98, with the reliability of each component ranging from
0.87 to 0.95 [21].

CAS

The CAS was designed by Rew to measure the cultural
awareness of nursing students [22]. The CAS is based
on the pathway model and comprises 36 items, each
rated on a 7-point Likert scale (1 = ‘strongly disagree’ to
7 = 'strongly agree’) and divided into five subscales: gen-
eral education experience (GEE; 13 items, score range:
13-91), cognitive awareness (CA; 9 items, score range:
9-63), research issues (RI; 4 items, score range: 4—28),
behavior or comfort with interactions (BOCWT; 6 items,
score range: 6-42), and patient care or clinical issues
(PCOCL 4 items, score range: 4—28). The total score
ranges from 36 to 252. A higher score on each subscale
indicates a greater degree of cultural awareness within
that domain. The reliability was 0.91 for students and
0.82 for faculty. The subscales’ reliability values ranged
from 0.66 to 0.99 for students and from 0.56 to 0.87 for
faculty [22].

MAIRS-MS

The MAIRS-MS instrument, initially created by Karaca,
has demonstrated its validity and applicability in broader
healthcare education settings, including nursing [23, 24].
It requires participants to rate their self-assessment on a
5-point Likert scale (ranging from 1 = ‘strongly disagree’
to 5 = ‘strongly agree’) on 22 statements regarding their
Al readiness [25]. The MAIRS-MS is subdivided into four
factors: cognition (8 items, score range: 8—40), ability (8
items, score range: 8—40), vision (3 items, score range:
3-15), and ethics (3 items, score range: 3—15). Total score
ranges from 22 to 110. Higher scores on the total scale
or any subscale reflect greater readiness for the integra-
tion of artificial intelligence in medical education and
practice. Two exemplary items are ‘I can explain how Al
systems are trained’ (cognition) and ‘I can explain the
limitations of Al technology’ (vision) [25]. The internal
consistency of the overall scale was acceptable (Cron-
bach’s alpha=0.88), and the Cronbach’s alphas for the
individual factors were 0.83 (cognition), 0.77 (ability),
0.72 (vision), and 0.63 (ethics) [26].
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SET-M

The participants’ confidence was measured using the
SET-M at T1 only. The modified version of this instru-
ment was published in 2015, with a total of 19 items
and a 3-point response scale (ranging from 1 = ‘do not
agree’ to 3 = ‘strongly agree’) [27]. The items are divided
into four domains: pre-briefing (2 items, score range:
2-6), learning (6 items, score range: 6—18), confidence (6
items, score range: 6-18), and debriefing (5 items, score
range: 5—15). Total score ranges from 19 to 57. A higher
score on the total scale or any subscale indicates a more
positive perception of the effectiveness of simulation-
based learning. Cronbach’s alpha for the overall SET-M
was 0.94, with the reliability of each domain ranging from
0.83 to 0.91 [27].

Demographic questionnaire

A questionnaire was used to collect the participants’
demographic data, including gender, year of study, and
previous clinical experience, such as Temporary Under-
graduate Nursing Students (TUNS). TUNS are nursing
students who work part-time in healthcare settings while
completing their nursing education. Specifically, they are
typically students in their 4th or 5th year of a nursing
degree program.

Both A and B completed a three-day simulation inter-
vention, with a one-week washout interval implemented
between intervention phases. This washout period—dur-
ing which no study interventions were administered—
was designed to minimize carryover effects and allow
any residual learning effects from the first intervention
to dissipate before the second intervention began, con-
sistent with prior educational research [28]. To further
reduce carryover effects, different clinical scenarios were
used at each time point: participants experienced the
acute pneumonia case during the first intervention phase
(T1) and the acute appendicitis case during the second
intervention phase (T2), regardless of which simulation
modality they received. Five questionnaire tools were
used to collect data: the Clinical Competence Question-
naire (CCQ), the Cultural Awareness Scale (CAS), the
Medical Artificial Intelligence Readiness Scale for Medi-
cal Students (MAIRS-MS), the Simulation Effectiveness
Tool — Modified (SET-M), and a demographic question-
naire. The questionnaires were administered to the par-
ticipants at three time points — pre-intervention (baseline
[T0]), time 1 (T1), and time 2 (cross-over session) (T2).

Intervention details

The participants engaged in two distinct clinical sce-
narios in person: an acute pneumonia case at T1 and an
acute appendicitis case at T2. At both T1 and T2, 35They
participated in the same structured debrThey partici-
pated in the same structured debrThey participated in
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the same structured debrThey participated in the same
structured debrThey participated in the same structured
debrThey participated in the same structured debrThey
participated in the same structured debrThey partici-
pated in the same structured debrThey participated in
the same structured debrThey participated in the same
structured debrThey participated in the same structured
debrThey participated in the same structured debrThey
participated in the same structured debriefing protocol
utilizing the 3D debriefing model [29], using the same
set of debrief questions and facilitated by trained staff to
ensure consistency across all sites. However, the type of
simulation differed between the groups: one group expe-
rienced the GenAl patient simulation while the other
group participated in the 360 VR simulation. Each inter-
vention lasted 60 min, followed by a 60-minute, face-to-
face debriefing session. After the first round, the groups
crossed over so that all students experienced both types
of simulation. This design enabled a fair comparison of
educational outcomes while ensuring that all students
received equal exposure to both simulation modalities
and clinical scenarios.

Description of the two clinical case interventions

360° VR simulation - case 1: acute pneumonia

The intervention for Case 1 with 360° VR simulation,
focusing on a 25-year-old patient named Peter, who had
been diagnosed with acute pneumonia. The session was
structured as follows:

Pre-briefing: Introduction to learning objectives and
orientation to the LMS platform for interactive video
engagement.

Case Background: Overview of Peter’s clinical presen-
tation and relevant history.

Activity 1: Students watched the initial video seg-
ment, identified and timestamped health problems, and
engaged in cultural discussions about stress coping and
nursing practices.

Activity 2: The following video segment focused on
physical assessment, with students identifying and time-
stamping assessment findings, discussing missed assess-
ments, and sharing cultural perspectives on care.

Activity 3: Group discussion on prioritizing three nurs-
ing diagnoses, referencing current feedback and North
American Nursing Diagnosis Association International
(NANDA-I) [30].

Activity 4: The final video segment involved group dis-
cussion on nursing interventions and patient education,
focusing on evidence-based practices for airway clear-
ance, gas exchange, hyperthermia, nutrition, and fluid
balance. Written summaries and rationales were pro-
vided for each nursing diagnosis.
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Generative Al patient Simulation- case: acute pneumonia
The content and case scenario were identical to Group
A, but students interacted with an Al-simulated patient.
They asked questions related to history-taking and physi-
cal assessment, then formulated nursing diagnoses based
on the AIs responses. Clinical reasoning was required
to determine appropriate nursing diagnoses and inter-
ventions, with all activities mirroring the VR simulation
structure (pre-briefing, case background, assessment,
diagnosis, and intervention planning). The interaction
was dynamic and student-led, guided by their inquiries
and the ATI’s generated responses.

360° VR simulation - case 2: acute appendicitis

The intervention for Case 2 with 360° VR simulation cen-
tered on a 38-year-old patient, Ken Chan, admitted for
acute appendicitis and post-emergency appendectomy.
The session was structured as follows:

Pre-briefing: Explanation of learning objectives (nurs-
ing assessment, prioritization of nursing diagnoses, cul-
tural differences in care) and orientation to the LMS
platform.

Case Background: Introduction to Ken’s clinical sce-
nario, including his admission for acute lower abdominal
pain, vomiting, and subsequent emergency surgery. Rel-
evant history included high job stress, smoking, alcohol
use, and initial signs of liver cirrhosis.

Activity 1: Students watched the initial video segment,
identified and timestamped health problems, and partici-
pated in cultural discussions about health-seeking behav-
iors, healthcare systems, and pain management.

Activity 2: The following video segment focused on
physical assessment, with students identifying and time-
stamping assessment findings (e.g., wound assessment,
pain level, vital signs, substance use), discussing missed
assessments, and sharing cultural perspectives on pain
assessment and wound healing.

Activity 3: Group discussion to identify and prioritize
three nursing diagnoses (e.g., acute pain, risk for deficient
fluid volume, risk for ineffective breathing patterns), ref-
erencing expert feedback and NANDA-I guidelines.

Activity 4: The final video segment involved group dis-
cussion on nursing interventions and patient education,
emphasizing evidence-based care for pain, fluid balance,
infection prevention, nutrition, and liver function. Cul-
tural sharing included discussion of clinical practices,
anti-smoking and alcohol cessation policies, and relevant
health apps.

Generative Al patient simulation- case 2: acute appendicitis

The same content for the acute appendicitis case was
used, but students interacted with an Al patient. They
conducted history-taking and physical assessments
by asking the AI questions, then formulated nursing
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diagnoses and planned interventions based on the Als
responses. The process followed the same structure as
the VR simulation (pre-briefing, case background, assess-
ment, diagnosis, and intervention planning), but the
interaction was dynamic and student-driven, with clini-
cal reasoning applied to each Al-generated response. No
results or outcomes are reported, as per instructions.

Note: In both cases, the only difference between Group
A and Group B is the mode of simulation (360° VR video
vs. Generative Al patient interaction); the clinical con-
tent, learning objectives, and session structure remain
consistent across groups.

Components of GenAl patient simulation

The proposed GenAl Patient Simulation system for
nursing education integrates several key components to
enhance the learning experience. The core educational
innovation lies in our pedagogical framework rather than
the specific Al technology. The GenAl system utilizes a
specialized Large Language Model (LLM) developed
through collaboration with Oxmd Inc. (Hong Kong). This
LLM was purpose-built through proprietary develop-
ment and trained on a comprehensive corpus compris-
ing medical datasets, real-world clinical data, academic
research papers, and peer-reviewed literature to ensure
high domain-specific accuracy and robust clinical rea-
soning capabilities. While the specific model is proprie-
tary, our complete educational framework is reproducible
through: (1) detailed clinical case protocols with specific
patient presentations and assessment criteria, (2) struc-
tured NANDA-I-based evaluation rubrics, (3) compre-
hensive debriefing protocols using the 3D model, and
(4) scoring algorithms. Researchers can implement this
pedagogical approach using any conversational Al plat-
form by following our documented framework, ensuring
educational reproducibility regardless of the underlying
Al technology.

Unlike generic LLMs, it is optimized explicitly for med-
ical and healthcare applications. The School of Nursing at
the University of Hong Kong collaborated with the com-
pany to adapt and fine-tune the model for nursing educa-
tion, incorporating clinical simulation cases, structured
diagnostic frameworks, and pedagogical methodologies.
This co-development enables realistic, culturally relevant,
and educationally aligned patient interactions within the
simulation system, supporting its use as an innovative
tool for enhancing clinical reasoning and decision-mak-
ing skills in nursing education.

The system facilitates structured learning through an
interactive dialogue interface where students system-
atically engage with Al patients. Students are guided to
conduct comprehensive history-taking using open-ended
questions, allowing them to gather essential patient
information while developing their communication skills.



Fung et al. BMC Nursing (2025) 24:934

The interface prompts students to perform virtual physi-
cal assessments by requesting specific examinations,
enabling them to practice clinical assessment techniques
in a risk-free environment. Based on the information
gathered, students are challenged to formulate differ-
ential diagnoses, encouraging critical thinking and ana-
lytical reasoning skills essential for nursing practice.
Furthermore, the system requires students to propose
evidence-based interventions with clear rationales, fos-
tering the development of clinical decision-making abili-
ties grounded in current best practices.

The AI patient component responds consistently with
programmed clinical presentations, providing realis-
tic answers that accurately reflect the patient’s cultural
background, symptom severity, and emotional state, all
of which are appropriate to the specific medical condi-
tion. This consistency ensures that all students encounter
standardized scenarios while maintaining the authentic-
ity of patient interactions. The system categorizes nurs-
ing diagnoses into distinct domains such as physiological,
psychosocial, and cultural, further classifying them into
actual, potential, and wellness diagnoses to provide a
structured approach to patient care assessment. Maslow’s
hierarchy of needs was explicitly used to train the Al sys-
tem to recognize and prioritize patient care objectives,
enabling the AI to evaluate student responses, generate
contextually relevant debriefing feedback, and assign
scores based on how well students address care priorities,
such as managing physiological needs before addressing
psychosocial concerns. Additionally, the system employs
a standardized scale to assess the severity and complexity
of disease conditions, considering factors like symptom
acuity, potential for rapid deterioration, and intervention
urgency, which aids students in identifying critical nurs-
ing diagnoses. Finally, the system establishes care pri-
orities through a scoring mechanism that evaluates each
diagnosis based on its impact on patient safety, potential
complications, and overall outcomes, ensuring informed
clinical decision-making.

Implementation of constructive feedback through GenAl
debriefing

The implementation of constructive feedback through
GenAl debriefing in the proposed system is designed to
facilitate asynchronous learning by providing students
with personalized, post simulation expert feedback. This
process involves reflective practice where students ana-
lyze their responses, actions, and the outcomes of their
clinical decisions. GenAl evaluates the rationale behind
each nursing diagnosis, assessing the alignment with
established grading frameworks to highlight areas of
strength and improvement, thereby deepening students’
understanding of prioritization. Additionally, it scru-
tinizes the actions taken during simulations, offering
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feedback on the appropriateness of interventions to
enhance clinical judgment and critical thinking. Finally,
GenAl assesses the results of these actions, providing
insights into the effectiveness of interventions based on
chosen diagnoses, reinforcing evidence-based practice.
This debriefing not only offers expert feedback on the
correct prioritization of nursing diagnoses but also gen-
erates a score based on the accuracy of assessments and
choices, ensuring a comprehensive learning experience.

Implementation of 360° VR simulation

The 360° VR content was captured using the Insta360
Pro 2 camera system, which provides high-resolution
360-degree video recording capabilities suitable for cre-
ating immersive educational content. The raw 360° foot-
age was processed and stitched using the manufacturer’s
software to create seamless panoramic videos. These
processed videos were then uploaded and hosted on the
institution’s LMS, ensuring consistent delivery across
all participating sites. The use of standardized hardware
and processing workflows facilitated replication across
the six international locations while maintaining con-
sistency in video quality and immersive experience. The
360° VR simulation employed in this study was devel-
oped in-house by the research team at the University
of Hong Kong. This system is designed for ease of rep-
lication in diverse educational settings, requiring only
standard 360-degree cameras for content creation and
compatible playback devices (e.g., computers, tablets, or
VR headsets) for delivery. Educators can readily adapt
this approach by producing customized 360° video sce-
narios that align with specific learning objectives relevant
to their curriculum.

For this study, students assigned to the 360° VR simula-
tion group viewed immersive video scenarios via a screen
interface. The video content was identical to that used in
the GenAl group, ensuring consistency across experi-
mental conditions. The immersive nature of the 360° VR
experience facilitated active decision-making and inter-
active engagement, as students could freely navigate the
environment by scrolling within the video using a mouse
to observe the complete 360-degree perspective.

The 360° VR videos were hosted on the institution’s
LMS [31], which supported interactive features, including
timestamped commenting. Students were provided with
a structured question guide to direct their observations
and reflections as they engaged with the scenarios. This
allowed students to annotate specific moments within
the video by placing timestamped comments, thereby
capturing their insights and questions in real-time.

Following the simulation, a faculty-led debriefing
session was conducted. During this session, students
reviewed and discussed each other’s timestamped com-
ments, fostering vicarious peer learning and reflective
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Table 1 Baseline characteristic of the participants (n=44)

(2025) 24:934

Participants, No (%)

Characteristic All A group Bgroup P
(N=44) (N=22) (N=22) value
Age, mean (SD) 21.0(1.24) 21.1(1.27) 209(1.23) 0632
Sex 0216
Male 7(38.3) 5(22.7) 2(9.1)
Female 37(61.7) 17 (77.3) 20(90.9)
Year of study 0.627
Year 1 2(45) 1(4.5) 1(4.5)
Year 2 15 (34.1) 6(27.3) 9(40.9)
Year 3 27 (61.4) 15 (68.2) 12 (54.5)
Do you have any 0.262
TUNS experience?
Yes 9(20.5) 3(13.6) 6(27.3)
No 35(79.5) 19 (86.4) 16 (72.7)
Have you attended 1.000
any clinical practicum?
Yes 28 (73.6) 14 (73.6) 14 (73.6)
No 8(364) 8(36.4) 8(364)
Do you have any 0.240
GenAl training before?
Yes 8(18.2) 6(27.3) 2(9.1)
No 36 (81.8) 16 (72.7) 20(90.9)
CCQTotal Score, mean 154.16 157.23 151.09 0.542
(SD) (32.82) (31.38) (34.66)
Nursing Professional 52.25(13.99) 52.82(13.97) 5168 0.791
Behaviors, mean (SD) (14.33)
General Performance, 46.50 (6.40) 46.68 (5.97) 4632 0.853
mean (SD) (6.94)
Core Nursing Skills, 3791 (11.20) 39.18(11.23) 36.64 0457
mean (SD) (11.28)
Advanced Nursing 1750(5.50) 1855 (4.90) 1645 0211
Skills, mean (SD) (5.97)
CAS Total Score, mean 18943 190.91 187.95 0.810
(SD) (40.15) (42.38) (38.74)
General Educational 7475 (16.69) 74.00 (17.46) 75.50 0.770
Experience (16.27)
Cognitive Awareness  38.86(842) 38.05(838) 39.68 0.526
(8.58)
Research Issue 20.77 (5.17) 2041 (5.32) 21.14 0.646
(5.10)
Behaviors or Comfort  25.73(8.71) 27.36(9.08) 24.09 0216
with Interactions (8.19)
Patient Care or Clinical 29.32 (7.69) 31.09 (7.76) 2755 0.128
Issues (7.38)
MAISMS Total Score,  60.27 (14.45) 61.00(17.41) 59.55 0.743
mean (SD) (11.10)
Cognition 2230(6.11) 2277(7.08) 2182 0.610
(5.09)
Ability 2177 (5.85) 21.86(6.65) 21.68 0919
(5.07)
Vision 8.05(240) 827(268)  7.82(213) 0536
Ethics 8.16 (2.78) 8.09 (2.78) 823(2.84) 0873
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practice. The LMS platform’s structured debriefing fea-
ture provided educators with a systematic framework to
guide the discussion, ensuring that feedback was timely,
relevant, and closely aligned with the learning objectives
of the simulation.

The high degree of realism afforded by the 360°
VR scenarios enhanced the authenticity of the learn-
ing experience, supporting the educational aims of the
intervention. The described implementation is readily
transferable to other research and educational contexts,
provided that the necessary technical infrastructure is
available. This framework enables other researchers and
educators to replicate the intervention, customize con-
tent, and systematically evaluate student engagement and
learning outcomes using immersive 360° VR technology.

Implementation of debriefing in both groups

Both the 360 VR and GenAl patient simulation groups
participated in structured debriefing sessions following
their simulation experiences. For both groups, accred-
ited simulation educators and six core faculty members
experienced in simulation-based education conducted
debriefings using the 3D Model, which encompasses
three phases: Defusing (emotional release), Discover-
ing (performance analysis), and Deepening (application
of learning). All facilitators underwent comprehensive
training in the 3D debriefing framework to ensure consis-
tency and quality across sessions.

In the GenAl patient simulation group, participants
received additional, individualized constructive feedback
generated through GenAl-driven debriefing. This AI-
powered feedback provided tailored insights and recom-
mendations based on each learner’s performance, further
enriching the reflective learning process.

By combining facilitator-led debriefing with GenAl-
generated feedback (for the GenAl group), both groups
benefited from a robust, evidence-based approach that
supports reflective learning, clinical decision-making,
and emotional engagement, fully aligned with best prac-
tices in simulation-based education.

Data analysis

Table 1 shows the descriptive statistics, including means
and standard deviations, were used to summarise the
participants’ demographics and scores on the CCQ, CAS,
MAIRS-MS, and SET-M. The baseline characteristics
of the intervention and control groups were compared
using chi-square tests or Fisher’s exact tests for categori-
cal data and independent t-tests for continuous data.

A linear mixed-model analysis was conducted to anal-
yse the CCQ, CAS, and MAIRS-MS scores. This model
treated the participants as a random effect and included
time, group, randomisation sequence order, and the
time—group interaction as fixed effects [32]. Linear
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contrasts were used to assess both between-group dif-
ferences and within-group changes over time. All of the
statistical analyses were performed using IBM SPSS ver-
sion 29.0 (IBM Corp., Armonk, NY, USA). Two-sided
tests were used throughout, with a significance level of
p<0.05.

Table 2 Simulation effectiveness Tool-Modified (SET-M)
responses

Simulation Effectiveness Tool-Modi-

fied (SETXM) responses

All respondents (N=44)

Survey questions:

Strongly Some- Do

Agree what Not
Agree  Agree
Prebriefing subscale
Prebriefing increased my confidence. 52.3% 47.7% 0% (0)
(23) @n
Prebriefing was beneficial to my learning.  65.9% 341% 0% (0)
(29) (15)
Learning subscale
| am better prepared to respond to 70.5% 29.5% 0% (0)
changes in my patient’s condition. 31 (13)
| developed a better understanding of 68.2% 318% 0% (0)
the pathophysiology. (30) (14)
I'am more confident of my nursing as- 68.2% 31.8% 0% (0)
sessment skills. (30) (14)
| felt empowered to make clinical 77.3% 22.7% 0% (0)
decisions. (34) (10)
| developed a better understanding of 65.9% 31.8%  23%
medications. (29) (14) (1
I'had the opportunity to practice my clini- 70.5% 295% 0% (0)
cal decision making skills. (31 (13)
Confidence subscale
I am more confident in my ability to 68.2% 318% 0% (0)
prioritize care and interventions (30) (14)
I'am more confident in communicating 72.7% 27.3% 0% (0)
with my patient. 32) (12)
I'am more confident in my ability to 70.5% 29.5% 0% (0)

teach patients about their illness and 31 (13)
interventions.

I'am more confident in my ability to 68.2% 31.8% 0% (0)

report information to health care team. (30) (14)

I am more confident in providing inter- 75.0% 250% 0% (0)

ventions that foster patient safety. (33) 1

I am more confident in using evidence- 72.7% 27.3% 0% (0)

based practice to provide nursing care. (32) (12)

Debriefing subscale

Debriefing contributed to my learning. 75.0% 25.0% 0% (0)
(33) (11)

Debriefing allowed me to verbalize my 68.2% 31.8% 0% (0)

feelings before focusing on the scenario.  (30) (14)

Debriefing was valuable in helping me 68.2% 318% 0% (0)

improve my clinical judgment. (30) (14)

Debriefing provided opportunities to 68.2% 31.8% 0% (0)

self-reflect on my performance during (30) (14)

simulation.

Debriefing was a constructive evaluation  75.0% 250% 0% (0)

of the simulation. (33) 11
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Results

Descriptive results

In total, 44 participants were included in the study,
divided equally into two groups: Group A (n=22) and
Group B (n=22). The mean age of participants was
21.0+1.24 years, with no significant difference between
groups (P=0.632). Most participants were female
(84.1%), and the distribution of sex did not differ signifi-
cantly between groups (P=0.216). Regarding the year of
study, most participants were in Year 2 (34.1%), with no
significant difference between groups (P=0.627).

Participants with prior TUNS experience comprised
20.5%, while those without accounted for 79.5%, with no
significant difference between groups (P=0.262). Simi-
larly, the majority (73.6%) had attended clinical practi-
cum, and this characteristic was evenly distributed across
groups (P=1.000). Only a minority (18.2%) had experi-
ence with GenAl training, with no significant difference
between groups (P =0.240).

Baseline scores for CCQ Total Score, Nursing Profes-
sional Behaviors, General Performance, Core Nursing
Skills, and Advanced Nursing Skills were comparable
between groups, with P values ranging from 0.211 to
0.853, indicating no significant differences. The CAS
Total Score also showed no significant difference between
groups (P=0.810). These findings suggest that demo-
graphic and baseline clinical characteristics were well-
balanced across the two groups (P>0.05).

Effect of the interventions on SET-M

Table 2 shows the responses of the participants to the
SET-M. Most of the participants (75%, n=33) strongly
agreed that debriefing contributed to their learning.
Regarding confidence subscale, over half proportion of
participants (68.2%, n =30) strongly agreed that they are
more confident of their nursing assessment skills. Addi-
tionally, most participants (72.7%, n = 32) strongly agreed
that they were confident in using evidence-based practice
to provide nursing care.

Effects of the interventions on CCQ

Both groups demonstrated significant within-group
improvements in perceived clinical competence at T1
and T2. Group B (GenAl first) showed significantly
greater improvement in CCQ total score at T1 compared
to Group A, with a between-group difference of 16.59
points (95% CI: 2.77, 30.41, p =0.020). By T2, both groups
maintained significant improvements from baseline, sug-
gesting sustained educational benefits across the cross-
over design.

Effects of the interventions on CAS
Both groups demonstrated improvements in cultural
awareness. Group B showed consistent significant gains



Fung et al. BMC Nursing (2025) 24:934

at both time points [T1: 27.59 (95% CIL 9.54, 45.64),
p=0.003; T2: 2091 (95% CIL: 2.86, 38.96), p=0.024],
while Group A showed significant improvement at T1
[18.27 (95% CI: 0.22, 36.32), p=0.047] with marginal
significance at T2. No significant between-group differ-
ences were detected for total scores or individual sub-
scales, indicating both interventions effectively enhanced
culturalawareness.

Effects of the interventions on MAIRS-MS

The MAIRS-MS was administered at baseline (T0) and
following each group’s GenAl simulation exposure, as
this instrument specifically measures nursing students’
Al readiness after exposure to Al technology. Given the
cross-over design, Group A received MAIRS-MS at TO
and T2 (following their GenAl exposure at T2), while
Group B received MAIRS-MS at TO and T1 (following
their GenAl exposure at T1). No MAIRS-MS measure-
ment was conducted following the 360° VR simulation,
as this tool is designed to assess Al readiness specifically
after exposure to Al intervention.

Table 3 presents the results of mixed-effects tests on
the interventions’ effects on the MAIRS-MS. For the
MAIRS-MS Total Score, Group A exhibited significant
changes from baseline (T0) to post-GenAl exposure (T2)
with an increase of 16.64 (95% CI [9.80, 23.47], p <0.001).
In comparison, Group B showed significant changes
from baseline (T0) to post-GenAl exposure (T1) with
an increase of 30.18 (95% CI [23.35, 37.01], p<0.001). A
significant between-group difference was noted (12.09,
95% CI [4.43, 19.75], p=0.003), with Group B demon-
strating greater improvement in Al readiness. Significant
between-group differences were also observed in the
Cognition and Ability subscales. Overall, both groups
showed significant improvements in Al readiness follow-
ing their respective GenAl exposures.

Discussion

This study examined the impact of two innovative inter-
ventions — GenAl and 360° VR simulation — on the per-
ceived clinical competence, cultural awareness, and Al
readiness of nursing students in two distinct groups.
Group A received the 360° VR Simulation first, followed
by GenAl, while Group B experienced these interven-
tions in the reverse order. Both groups demonstrated
significant improvements in perceived clinical compe-
tence, with Group B initially showing advantages in gen-
eral performance and core nursing skills, possibly due
to the adaptive and interactive nature of GenAl simula-
tion. Regarding cultural awareness, Group B made earlier
gains in educational experience and cognitive awareness,
although Group A eventually matched these improve-
ments. Notably, both groups exhibited substantial prog-
ress in Al readiness across all subscales.
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Additionally, a majority of students reported positive
experiences with debriefing, contributing to increased
confidence in their nursing skills. Both 360° VR simula-
tion and GenAl patient simulation appear to be promis-
ing pedagogical strategies for enhancing certain clinical
outcomes among the nursing students in this study. How-
ever, GenAl showed a trend toward a more pronounced
impact in this cohort, possibly due to higher initial
engagement, although further research is needed to con-
firm these findings. Specifically, when GenAl patient
simulation is provided first, it yields greater outcomes;
subsequently, utilising 360° VR can enhance these results.

Clinical competence

The study’s results indicate that the intervention
enhanced perceived clinical competence in both groups,
with Group B demonstrating a more pronounced initial
improvement at T1, particularly in the General Practice
(GP) and Clinical Nursing Skills (CNS) components of
the Clinical Competence Questionnaire (CCQ). How-
ever, by T2, Group A had begun to catch up, suggesting
that while their progress was initially slower, they even-
tually reached comparable levels of competence, which
may indicate that the intervention had a more gradual
impact on some participants but was ultimately effective
for both groups over time. The customisation enabled by
GenAl interventions, which catered to individual learn-
ers’ needs, preferences, and learning styles, likely facili-
tated targeted feedback, adaptive challenges, and content
alignment with specific clinical roles and responsibilities.
Our findings demonstrated that a tailored, personalised
learning approach—developed and implemented in our
study—effectively fosters essential clinical competen-
cies among nursing students. This aligns with existing
literature, which also supports the effectiveness of per-
sonalised learning in enhancing clinical competence
across both generalist and specialist nursing practice
[33]. Moreover, GenAl interventions specifically targeted
cognitive skills such as problem-solving, critical thinking,
decision-making, and clinical reasoning, which are cru-
cial for effective practice in healthcare settings. Engaging
participants in higher-order thinking tasks and com-
plex scenarios relevant to their practice areas potentially
enhanced the development of these cognitive skills more
effectively than traditional interventions.

A notable feature of GenAl is its ability to deliver
real-time feedback, debriefing, performance monitor-
ing, and adaptive learning pathways tailored to learners’
responses and progress. This immediate feedback loop
enables participants to pinpoint areas for improvement,
adjust their strategies, and track their progress over time,
thereby fostering an environment conducive to continu-
ous learning and skill refinement. The personalised feed-
back and adaptive nature of GenAl likely contributed to
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Table 3 Mixed effects analysis for the interventional effects (n=44)

Measure Group A(n=22) PValue Group B(n=22) PValue Between-Group PValue
Within-Group Within-Group Difference
Change (95% Cl) Change (95% Cl) Mean (95% Cl)
CCQ-Total
T1 24.95 (13.96, 35.95) <0.001* 47.68 (36.68, 58.68) <0.001* 16.59 (2.77,30.41) 0.020%
12 31.09 (20.09, 42.09) <0.001* 39.64 (28.64, 50.64) <0.001* 241 (-11.41,16.23) 0.727
CCQO-NP
T1 8.82(3.70,13.94) <0.001* 11.86 (6.74, 16.98) <0.001* 1.91 (-5.64,9.45) 0612
T2 12.50(7.38,17.62) <0.001* 13.59 (847,18.71) <0.001* -0.05 (-7.59, 7.50) 0.990
CCQ-GP
T1 3.36 (045, 6.28) 0.024* 941 (6:49,12.33) <0.001* 5.68(2.72,864) <0.001*
T2 3.73(0.81,6.65) 0.013* 6.77 (3.85,9.69) <0.001* 2.68 (-0.28, 5.64) 0.075
CCQ-CNS
T 9.23 (5.06, 13.40) <0.001* 18.14 (13.96, 22.31) <0.001* 6.36 (2.08, 10.65) 0.005*
T2 9.36(5.19, 13.54) <0.001* 13.82(9.65,17.99) <0.001* 1.91 (-2.38,6.20) 0374
CCQ-ANS
T 3.55(1.31,5.78) 0.002* 827 (6.04,10.51) <0.001* 2.64 (-0.39, 5.66) 0.086
T2 5.50(3.27,7.73) <0.001* 545 (3.22,7.69) <0.001* -2.14 (-5.16,0.89) 0.162
CAS-Total
T 18.27 (0.22,36.32) 0.047* 27.59 (9.54, 45.64) 0.003* 6.36 (-15.08, 27.80) 0.552
T2 15.32(-2.73,33.37) 0.095 2091 (2.86, 38.96) 0.024* 2.64 (-18.80, 24.08) 0.805
CAS-GEE
T 3.95(-3.92,11.83) 0.321 541 (-246,13.28) 0.175 2.95(-6.70,12.61) 0.540
T2 3.32(-4.55,11.19) 0404 2.50(-5.37,10.37) 0.529 0.68 (-8.97,10.34) 0.887
CAS-CA
T1 4.77 (1.02,8.53) 0.013* 6.09 (2.33,9.85) 0.002* 295(-1.01,6.92) 0.140
T2 4.23(0.47,7.98) 0.028* 6.05 (2.29,9.80) 0.002* 345(-051,742) 0.086
CAS-RI
T1 2.68(-0.08, 5.44) 0.057 2.05(-0.72,4.817) 0.145 0.09(-3.17,3.36) 0.955
T2 0.64 (-2.13,3.40) 0.648 150 (-1.26, 4.26) 0.283 159 (-1.67,4.86) 0.331
CAS-BOCWI
T1 2.86(-1.16,6.89) 0.161 5.59(1.57,9.62) 0.007* -0.55 (-543,4.34) 0.823
T2 2.68(-1.34,6.71) 0.189 4.00 (-0.03,8.03) 0.051 -1.95 (-6.84, 2.93) 0.424
CAS-PCOCI
T 4.00 (0.55, 7.45) 0.023* 845 (5.01, 11.90) <0.001* 0.91(-3.00, 4.82) 0.641
T2 445 (1.01,7.90) 0.012* 6.86 (3.42,10.31) <0.001* -1.14 (-5.04,2.77) 0.560
MAIRS-MS-Total
(T2 for Group A, T1 for group B) 16.64 (9.80, 23.47) <0.001* 30.18 (23.35,37.01) <0.001* 12.09 (4.43,19.75) 0.003*
MAIRS-MS-Cognition
(T2 for Group A, T1 for group B) 4.50(1.46,7.54) 0.005* 11.59 (8.55, 14.63) <0.001* 6.14 (2.89,9.38) <0.001*
MAIRS-MS-Ability
(T2 for Group A, T1 for group B) 6.00 (2.25,9.75) 0.002* 10.36 (6.62, 14.11) <0.001* 4.18(0.13,8.23) 0.043%

MAIRS-MS-Vision
(T2 for Group A, T1 for group B) 3.23(1.79,4.66) <0.001* 4.55(3.11,5.98) <0.001* 0.86 (-0.60, 2.33) 0.241
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Table 3 (continued)
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Measure Group A(n=22) PValue Group B(n=22) PValue Between-Group PValue
Within-Group Within-Group Difference
Change (95% Cl) Change (95% Cl) Mean (95% Cl)
MAIRS-MS-Ethics
(T2 for Group A, T1 for group B) 2.91(1.63,4.19) <0.001* 3.68 (2.40, 4.96) <0.001* 0.91 (-0.53, 2.35) 0.209

Note:

« TUNS: Temporary Undergraduate Nursing Student
« CCQ: Clinical Competence Questionnaire

« NP: Nursing professional behaviors

«+ GP: General Performance

« CNS: Core Nursing Skills

« ANS: Advanced Nursing Skills

« CAS: Cultural Awareness Scale

« GEE: General Educational Experience

« CA: Cognitive Awareness

«Rl: Research Issues

« BOCWI: Behavior or Comfort with Interactions
« PCOCI: Patient Care or Clinical Issues

*p <0.05 indicates statistical significance

the improved performance outcomes observed in the
GP and CNS assessments of the CCQ. By leveraging
advanced Al technologies, including deep learning and
natural language processing, GenAl creates dynamic,
responsive, and intelligent learning environments that
optimize educational experiences, customize content
delivery, and support individualized learning pathways
focused on the specific competencies required for diverse
nursing specialties.

Cultural awareness

The interventions aimed at enhancing cultural awareness,
as measured by the Cultural Awareness Scale (CAS),
demonstrated significant improvements in both groups,
particularly in the dimensions of Cognitive Awareness
and Patient Care or Clinical Issues. Group B exhibited
more substantial enhancements at both time points com-
pared to Group A, indicating a potentially more effective
intervention for this group. Nonetheless, both groups
experienced significant gains in several core areas of cul-
tural awareness.

The notable advancements in Cognitive Awareness
and patient care, as well as clinical issues, underscore
the efficacy of these interventions in improving partici-
pants’ understanding of cultural issues and their practical
application in clinical settings. This is further substanti-
ated by evidence in the literature that cultural awareness
is increasingly recognized as vital for delivering high-
quality and patient-centered care [34, 35]. The balanced
representation of students from various countries in
both groups facilitated an increase in cultural awareness
through both patient simulations. These simulations were
designed to interact according to distinct cultural beliefs
and express cultural requirements, allowing students

to engage in and gain insights from culturally nuanced
exchanges, thereby enhancing their comprehension of
cultural diversity within healthcare environments. The
improvements in these areas suggest that the interven-
tion successfully addressed key components of cultural
awareness, potentially leading to better patient outcomes
and more culturally sensitive care practices.

However, the absence of significant changes in the
areas of Behavior or Comfort with Interactions and
Research Issues across both groups highlights a criti-
cal gap in the interventions. These components of cul-
tural awareness, which involve interpersonal dynamics
and behavior in diverse settings, may necessitate more
teaching sessions, such as role-playing, simulations, or
real-world applications, to cultivate practical skills in
navigating cultural interactions. The absence of signifi-
cant changes in the Behavior or Comfort with Interac-
tions and Research Issues subscales may reflect several
methodological considerations. First, our interventions
were primarily designed to enhance clinical reasoning
and decision-making rather than interpersonal cultural
interaction skills. Second, the intervention duration
(60 min per simulation) and short study timeframe may
have been insufficient to impact these behavioral dimen-
sions of cultural awareness. Additionally, these sub-
scales may require measurement approaches specifically
designed to detect changes following educational inter-
ventions. Future research should investigate whether
interventions specifically targeting interpersonal cultural
skills, with appropriate measurement tools and extended
follow-up periods, might be more effective for addressing
these domains of cultural awareness.

The findings indicate that interventions focusing on
cultural awareness may enhance healthcare professionals’
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cognitive understanding and clinical application of cul-
tural awareness. Such improvements are essential for
fostering culturally sensitive healthcare environments,
particularly in increasingly diverse patient populations.
However, to achieve broader cultural awareness, future
training programs should incorporate more specific ele-
ments related to research issues and intercultural interac-
tions, areas that were not significantly addressed in this
study.

Al readiness

The findings indicate that GenAl patient simulation was
effective in enhancing Al readiness for both groups, with
both demonstrating significant improvements from their
respective baselines after exposure to GenAl Group
B showed a larger improvement [30.18 (95% CI: 23.35,
37.01), p<0.001] compared to Group A [16.64 (95% CI:
9.80, 23.47), p<0.001], with a significant between-group
difference [12.09 (95% CI: 4.43, 19.75), p=0.003]. Nota-
bly, Group B was assessed at T1 immediately following
their first GenAl exposure, while Group A was assessed
at T2 following their GenAl exposure after experiencing
a 360° VR simulation first.

The significant improvements observed across all sub-
scales of the MAIRS-MS suggest that GenAl patient
simulation was highly effective in increasing nursing
students’ readiness to engage with and utilize Al in their
practice. The larger improvement in Group B may reflect
the immediate impact of GenAl simulation when expe-
rienced as the first intervention, before any potential
carry-over effects from prior simulation exposure. This
sequence effect suggests that initial exposure to GenAl
simulation may optimize learning gains in Al readiness,
particularly when students encounter AI technology
without prior simulation experience in the study context.

The results indicate that GenAl patient simulation suc-
cessfully addressed key aspects of Al readiness, includ-
ing cognitive understanding of Al concepts, the ability
to interact with Al systems, and vision for Al integration
in healthcare. While our study measured ethical readi-
ness as part of the MAIRS-MS instrument, further analy-
sis of specific ethical considerations would strengthen
future research in this domain. The substantial increases
in scores, particularly in the Cognition and Ability sub-
scales, highlight that participants gained both theoreti-
cal knowledge about Al and practical skills in working
with Al technologies through direct interaction with the
GenAl patient simulation system. This comprehensive
improvement across all dimensions of Al readiness is
crucial for preparing nursing students to implement Al in
healthcare settings successfully.
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Perceived simulation effectiveness (SET-M)

The analysis of the SET-M responses indicates that a
majority of the participants perceived debriefing as
highly beneficial to their learning, with 75% expressing
strong agreement. Furthermore, a large majority of the
participants reported increased confidence in their nurs-
ing assessment skills (68.2%). These findings underscore
the importance of perceived competence and confidence
in clinical training, suggesting that structured peer inter-
actions may enhance learning experiences and foster a
supportive educational environment.

Implications of nursing educational practice

The integration of GenAl patient simulation and immer-
sive 360° VR may offer innovative approaches to devel-
oping clinical competence, cultural awareness, and Al
readiness among undergraduate nursing students. Both
modalities provide realistic and interactive environments
that enhance experiential learning and clinical decision-
making, thereby addressing the limitations of traditional
didactic methods. GenAl enables adaptive, personalized
feedback and real-time debriefing, supporting individual-
ized learning trajectories and fostering critical thinking.
These innovations may help equip future nurses with rel-
evant skills and confidence; further research is needed to
determine their impact on patient care and safety.

Implications of the findings

The findings suggest that both GenAl patient simulation
and 360° VR simulation may improve participants’ per-
ceived clinical competence, cultural awareness, and Al
readiness, with GenAl showing a greater effect in some
measured domains. The positive student feedback on
debriefing and increased confidence in assessment skills
highlight the pedagogical value of simulation-based edu-
cation. These results provide preliminary support for
incorporating advanced simulation technologies into
nursing curricula to enhance readiness for Al-integrated
healthcare; however, further large-scale studies are war-
ranted to confirm this finding.

Future directions

Future research should investigate longitudinal follow-up
at 3, 6, and 12 months after GenAI and 360° VR simula-
tion to assess the impact on clinical competence. Quali-
tative investigations into student experiences can deepen
understanding of the mechanisms driving observed
improvements. Expanding outcome measures to include
patient care outcomes and the transferability of skills to
real-world settings will further inform the development
of the curriculum. Objective assessments and culturally
responsive models should be incorporated to address the
limitations of self-report tools and better capture diver-
sity in learning needs. Additionally, future studies should
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consider larger sample sizes (2>100) per group, more
diverse samples to enable subgroup analyses by country
and context, enhancing the generalizability of findings.

Strengths and limitations

A key strength of this study lies in its innovative cross-
over design, which enabled rigorous comparison of
GenAI and 360° VR simulation across six universities in
six countries, drawing on a diverse cohort of nursing stu-
dents from three different academic years. While the total
sample size (n=44) is modest, several factors justify its
adequacy. The study achieved a 0% dropout rate, ensur-
ing complete data from all participants. Additionally, the
inclusion of students from varied cultural and educa-
tional backgrounds enhances the international diversity
and relevance of the findings. Moreover, the observed
large effect size supports the statistical power of the anal-
yses, as larger effects can be reliably detected with fewer
participants, aligning with best practices for sample size
justification in resource-constrained or specialized set-
tings. However, limitations must be acknowledged. The
small sample, when disaggregated by university, country,
and cohort year, restricts the ability to conduct subgroup
analyses and may limit the generalizability of the find-
ings. All measures assess perceived competence rather
than actual clinical performance through self-report
questionnaires. Self-reported competence may not cor-
relate with objective clinical abilities, and future research
should incorporate objective assessments alongside self-
report tools to provide a comprehensive evaluation of
clinical competence. Although participants’ English pro-
ficiency was not formally assessed, administering the sur-
veys in English is justified, as all participating universities
officially adopt English as the medium of instruction. All
surveys were administered in English, which served as
the common language of instruction across participating
institutions. However, because no formal assessment of
English proficiency was conducted, there is a possibility
that language barriers may have influenced participants’
understanding of survey items and the accuracy of their
responses, particularly for cultural awareness measures.
Future studies should consider formally assessing lan-
guage proficiency or providing validated translations to
ensure linguistic differences do not compromise data
validity. The absence of significant changes in the Behav-
ior or Comfort with Interactions and Research Issues
subscales may reflect several methodological factors.

Conclusion

The results provide preliminary evidence for the effec-
tiveness of this cutting-edge approach in improving per-
ceived clinical competence, cultural awareness, and Al
readiness, with statistically significant improvements
observed, particularly within Group B. Both 360° VR

Page 13 of 15

simulation and GenAl patient simulation may serve as
effective pedagogical strategies for enhancing the clini-
cal outcomes of nursing students. However, GenAl may
exhibit a more significant impact, as its initial imple-
mentation appeared to engage students more effectively
in the learning process, thereby potentially facilitat-
ing enhanced educational outcomes. Specifically, when
GenAl patient simulation was first introduced, it may
have produced superior results; the subsequent use of
360° VR may have further amplified these benefits.

Both groups demonstrated significant improvements
across all assessed domains, underscoring the poten-
tial efficacy of the intervention in clinical training. The
favourable feedback regarding the SET-M suggests that
the participating students not only recognised the ben-
efits of these GenAl simulations but also valued the func-
tion of GenAl debriefing, which may have enriched their
educational experiences and facilitated their professional
development.

The integration of GenAl into patient simulations may
facilitate dynamic and adaptive learning environments,
enabling learners to engage with realistic scenarios that
reflect the complexities of actual clinical encounters.
Through real-time feedback and GenAl debriefing, this
technology may improve diagnostic accuracy and sup-
port critical skills such as decision-making and cultural
awareness, which are essential elements in today’s diverse
healthcare landscape.

To fully capitalize on these promising results, future
research should focus on identifying the specific com-
ponents of our GenAl intervention that drive these posi-
tive outcomes. By doing so, we may enhance educational
strategies in clinical training, ensuring that healthcare
professionals are not only technically proficient but also
culturally aware and prepared for the challenges of con-
temporary medical practice. This exploration may be
crucial in advancing healthcare education through inno-
vative simulation methodologies.
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