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ARTICLE INFO ABSTRACT
Keywords: Background: The increasing complexity of musculoskeletal surgical nursing education requires innovative
Virtual reality pedagogical strategies that integrate immersive technologies with structured instructional design to enhance

Nursing education
Simulation training
Educational technology

clinical reasoning and theory-practice integration.

Aim: To design and develop a nursing process—structured immersive virtual reality simulation for orthopaedic
Usability nursing education and to pilot test its usability and educational appraisal among undergraduate nursing students.
Gamification Design: Pilot mixed-methods study.

Orthopaedic nursing Method: The simulation, NurseTechGames, was designed as a three-dimensional orthopaedic inpatient scenario
structured sequentially according to the nursing process and incorporating gamification elements to support
clinical reasoning. The intervention was implemented using Meta Quest 3 head-mounted displays. Usability was
assessed using the System Usability Scale, and educational appraisal was measured using the Serious Educational
Game in Nursing Appraisal Scale. Open-ended responses were analysed through qualitative content analysis.
Participants were monitored during and after the sessions for potential cybersickness symptoms.

Results: The simulation achieved a mean score of 83.15 on the System Usability Scale, indicating excellent us-
ability. The total mean SEGINAS score was 95.58, reflecting a very high pedagogical evaluation across the di-
mensions of engagement, impact on learning, and content relevance. The qualitative analysis identified eight
categories, with no reports of significant cybersickness symptoms: Perceived Learning Value, Clinical Transfer,
Realism and Immersion, Engagement and Motivation, Technical Robustness, Development Potential, Minor
Technical Issues, and Time Constraints.

Conclusion: The immersive simulation NurseTechGames demonstrated high usability and strong pedagogical
acceptance in musculoskeletal surgical nursing education. Future controlled and longitudinal studies are
required to evaluate objective and sustained impact on learning outcomes.

1. Introduction 2020; Hsieh et al.,, 2025). Consistent evidence demonstrates that
exclusively transmissive approaches present limitations in preparing

The increasing complexity of contemporary clinical contexts requires students for dynamic and technologically demanding healthcare envi-
nursing education to develop pedagogical strategies capable of pro- ronments, particularly in areas of high technical complexity (Chen et al.,
moting advanced clinical reasoning, evidence-based decision making, 2020; Sim et al., 2022). The incorporation of innovative educational
and safe technical performance (Cant and Cooper, 2017; Chen et al., resources in nursing education has been supported by scientific evidence
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demonstrating significant improvements in learning outcomes, clinical
performance, and student self-confidence (Almeida et al., 2024; Laguna
et al., 2024; Fernandes et al., 2024; Cant and Cooper, 2017; Chen et al.,
2020).

In this context, the development of innovative simulation-based in-
terventions becomes particularly relevant to support clinical reasoning
and safe decision making in orthopaedic nursing. NurseTechGames was
developed as an immersive virtual reality (IVR) simulation prototype for
orthopaedic nursing education. It consists of a three-dimensional virtual
clinical environment structured according to the nursing process, in
which students interact with a simulated patient scenario, make clinical
decisions, and receive feedback throughout the experience.

The integration of digital technologies has been progressively rec-
ognised as a pedagogical response aligned with student-centred expe-
riential learning models (Kolb, 1984; Saab et al., 2023; Sim et al., 2022).
According to experiential learning theory, knowledge is constructed
through cycles of concrete experience, reflection, conceptualization, and
active experimentation (Kolb, 1984), a process that can be oper-
ationalised within simulated environments. Technological immersion
associated with virtual reality has been linked to the development of
clinical reasoning, enabling contextualised real-time decision making
and reinforcing learning consolidation (Sim et al., 2022; Hsieh et al.,
2025).

The design of NurseTechGames was grounded in experiential
learning approaches, particularly Kolb's Experiential Learning Theory
(1984), which conceptualizes learning as a continuous cyclical process
involving four stages: concrete experience, reflective observation, ab-
stract conceptualization, and active experimentation. In the context of
orthopaedic nursing education, this framework supports the develop-
ment of clinical reasoning through structured exposure to realistic
clinical situations within immersive virtual reality simulation environ-
ments. The interactive nature of the simulation enables students to test
decisions and explore consequences in a safe setting, thereby facilitating
active experimentation. This approach is consistent with prior evidence
demonstrating that the integration of simulation, reflection, and clinical
reasoning within Kolb's experiential learning cycle enhances the linkage
between theory and practice (Wijnen-Meijer et al., 2022), and aligns
with recent evidence in nursing indicating the effectiveness of structured
experiential learning-based interventions in improving critical thinking
and learning outcomes (Cheng et al., 2025).

The evolution of simulation towards immersive digital formats rep-
resents a significant advancement within this pedagogical paradigm.
Virtual reality-based interventions are associated with improvements in
knowledge, practical skills, and student self-confidence when compared
with traditional methods (Chen et al., 2020; Hsieh et al., 2025).
Immersive virtual reality enables the creation of interactive
three-dimensional environments that support experiential learning,
deliberate practice, and safe exposure to complex clinical situations
(Kiegaldie and Shaw, 2023; Park and Moon, 2025). This type of inter-
vention has been associated with positive user experiences and with the
development of clinical and socioemotional competencies in nursing
education (Koivisto et al., 2025; Hsieh et al., 2025).

However, the effectiveness of immersive environments depends on
the balance between realism, pedagogical structure, and cognitive load
management. Cognitive Load Theory suggests that excessive stimuli or
unstructured complexity may compromise information processing and
learning retention (Sweller, 1988). Therefore, immersive virtual reality
simulation interventions should be designed with clear instructional
organisation, structured task progression, and explicit alignment with
learning objectives to prevent cognitive overload (Sweller, 1988; Saab
et al., 2023).

The pedagogical impact of these interventions therefore depends on
the articulation between technological immersion and structured
instructional design. Recent reviews emphasise the need for clearly
defined learning objectives, integration of realistic clinical scenarios,
and structured feedback mechanisms to ensure educational effectiveness
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(Chatzea et al., 2025; Mehraeen et al., 2025). The development of
simulation interventions should align with theoretical models that
integrate context, design, facilitation, and learning outcomes (Jeffries,
2016), ensuring coherence between instructional objectives and the
immersive experience (Chatzea et al., 2025).

In musculoskeletal surgical nursing, educational demands are
particularly complex. Care delivery in orthopaedic contexts involves
specific technical procedures, rapid decision making, and rigorous
application of patient safety principles (Cameron and Aratjo, 2011;
Zhao and Zhu, 2024). Studies indicate that students frequently experi-
ence difficulties in consolidating competencies in orthopaedic nursing,
particularly in integrating theory with clinical practice (Cameron and
Aratijo, 2011). Structured scenario-based approaches and evidence
informed teaching have been recommended to strengthen -clinical
preparation in this area (Zhao and Zhu, 2024; Cant and Cooper, 2017).

Considering this theoretical and empirical evidence, it is pertinent to
develop an immersive virtual reality simulation specifically designed for
musculoskeletal surgical nursing education, integrating structured sce-
narios, explicit curricular alignment, pedagogical grounding in experi-
ential learning theory, and rigorous usability evaluation (Kolb, 1984;
Chatzea et al., 2025; Hyzy et al., 2022). Accordingly, the present study
aimed to design and develop a nursing process structured immersive
virtual reality simulation for orthopaedic nursing education and to pilot
test its usability and educational appraisal among undergraduate
nursing students, contributing to methodological advancement in the
integration of immersive technologies in nursing education (Hsieh et al.,
2025; Kiegaldie and Shaw, 2023).

2. Methods
2.1. Design

This study was conducted as a mixed-methods pilot study aimed at
the technological development and preliminary evaluation of an
immersive virtual reality simulation, NurseTechGames, designed for
third-year undergraduate students. The research comprised two
sequential phases: (1) development of the immersive virtual simulation
structured according to the nursing process, and (2) a classroom-based
evaluation of its usability and educational appraisal. The evaluation
integrated quantitative measures and qualitative data to provide a
comprehensive assessment of the intervention.

2.2. Prototype development

NurseTechGames was designed as a structured three-dimensional
immersive simulation aimed at promoting the development of clinical
reasoning, evidence-based decision making, and integration of conti-
nuity of care in orthopaedic nursing. The virtual scenario was developed
using the Delighted Edu platform, a digital environment used to design
and deploy interactive virtual learning scenarios, within which the
simulation environment and its interactive components were created
and structured. The simulation was then delivered through Meta Quest 3
devices, standalone virtual reality headsets with integrated inside-out
spatial tracking and haptic hand controllers, enabling students to
interact immersively with the virtual clinical scenario. Meta Quest 3 is a
standalone virtual reality headset that allows users to engage with three-
dimensional environments without the need for external hardware.

The implementation of NurseTechGames took place in a face-to-face
setting within the institution's clinical skills laboratory as a comple-
mentary learning activity integrated into the curricular unit, without
contributing to formal course assessment. Participation was voluntary.

2.3. Setting and population

The eligible population comprised 68 third-year undergraduate
nursing students enrolled in a surgical nursing curricular unit. The
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activity was integrated as an additional component of the course,
without being mandatory or influencing academic assessment. Partici-
pation was voluntary, and only students who expressed interest and
provided informed consent were included. Of the 68 eligible students,
50 participated in the activity and completed the evaluation protocol in
full.

The activity was organised in small groups, with a maximum of 8 to
10 students per session, to ensure appropriate supervision and sufficient
time for individual exploration of the simulation. Each session lasted
approximately 2 h and included an initial orientation to the use of the
Meta Quest 3 devices, individual immersive experience, debriefing, and
completion of the evaluation instruments. During the immersive expe-
rience, participants were actively monitored for potential adverse effects
associated with virtual reality use, including symptoms of cybersickness
such as dizziness, nausea, visual discomfort, or disorientation. At the end
of each session, all participants were asked about the presence of any
discomfort. No participant reported significant adverse symptoms
requiring interruption of the experience.

2.4. Instruments

The data collection instrument included an initial section aimed at
the sociodemographic and academic characterisation of the partici-
pants. The usability of NurseTechGames was assessed using the System
Usability Scale (SUS) (2015). The SUS consists of 10 items rated on a
five-point Likert scale (1 = strongly disagree; 5 = strongly agree). The
final score ranges from 0 to 100, with values above 68 indicating above
average usability (Brooke, 1996).

Educational perception was assessed using the Serious Educational
Game in Nursing Appraisal Scale (SEGiNAS), comprising 20 items
distributed across three dimensions: Engagement and Teaching Effec-
tiveness, Learning Impact and Practical Application, and Relevance and
Clarity of Content. Higher scores correspond to a more favourable
evaluation of the experience (Fernandes et al., 2024).

Open-ended questions were also included to gather participants’
perceptions regarding advantages, disadvantages, suggestions for
improvement, identified inconsistencies, and difficulties experienced
during the use of the simulation.

2.5. Data analyses

The data collected were analysed according to their quantitative and
qualitative nature. The overall usability of NurseTechGames was eval-
uated using the System Usability Scale, calculated in accordance with
standardised guidelines, yielding a total score ranging from 0 to 100.
Quantitative data were analysed using descriptive statistics. Qualitative
data obtained from the open-ended questions were analysed using
content analysis, following Bardin's methodological framework (2011).
The analysis was conducted by two researchers with expertise in qual-
itative research and followed three stages: pre-analysis, material
exploration, and treatment of results. Initially, the data were read
repeatedly to ensure familiarization. Subsequently, inductive open
coding was performed, considering each autonomous textual segment as
the unit of analysis. Codes were compared and discussed between the
researchers, with disagreements resolved by consensus involving a third
researcher. Thereafter, codes were grouped into categories and orga-
nized into overarching themes.

2.6. Ethical considerations

The study obtained approval from the relevant institutional and
ethics committees and was conducted in accordance with the principles
outlined in the Declaration of Helsinki. All participants received
comprehensive verbal and written information about the study's pur-
pose, objectives, procedures, and data protection measures. Written
informed consent was obtained prior to participation, which was
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entirely voluntary.

3. Results
3.1. Participant characteristics

The eligible population comprised 68 students enrolled in the third
year of the bachelor's degree in nursing, of whom 50 participated in the
study, corresponding to a response rate of 73.5%. The sample was pre-
dominantly composed of female participants (n = 48; 96.0%), with male
participants represented by only two students (4.0%). Age ranged be-
tween 20 and 55 years (mean = 22.92 years; SD = 7.08), indicating a
predominantly young cohort with moderate age dispersion. Only four
participants (8.0%) reported previous experience with virtual reality
technologies.

3.2. NurseTechGames: prototype development

NurseTechGames was designed to promote the development of
clinical reasoning, evidence-based decision making, and integration of
continuity of care in musculoskeletal surgical nursing. The virtual sce-
nario was developed using the Delighted Edu platform (Fig. 1). The
experience was operationalised using Meta Quest 3 and hand control-
lers. This configuration enabled three-dimensional navigation with
freedom of movement and direct interaction with virtual objects,
fostering a sense of presence and experiential engagement.

The environment represented a three-dimensional hospital setting
consisting of an orthopaedic inpatient room, involving an older adult
patient hospitalised due to a femoral neck fracture (Fig. 1A).

The instructional design of NurseTechGames was structured around
the nursing process, integrating stages of assessment, diagnosis, plan-
ning, and prioritisation of interventions (Fig. 1B).

Gamification elements were incorporated as a strategy for cognitive
and motivational reinforcement. Throughout exploration of the envi-
ronment, contextualised quiz-based challenges were presented,
requiring responses related to clinical assessment, prioritisation of care,
and decision making. These challenges functioned not only as a mech-
anism for knowledge validation but also as a stimulus for active
engagement and self-regulation of learning (Fig. 1C). The scenario was
intentionally developed to require students to identify clinical and
environmental risks, analyse continuity of care following hospital
discharge, recognise potential home-based barriers, and integrate the
family into the therapeutic plan (Fig. 1D).

NurseTechGames was conceived not merely as a visualisation tool
but as an active learning environment requiring cognitive processing,
situational analysis, and practical application of theoretical knowledge
within a simulated context.

3.3. Evaluation of usability and educational outcomes

3.3.1. Usability assessment (SUS)

The usability of NurseTechGames was evaluated using the System
Usability Scale. The mean SUS score was 83.15 (SD ~ 14.2), with a
median of 87.5. Scores ranged from 50 to 100. According to interna-
tional SUS benchmarks (Hyzy et al., 2022; Maramba et al., 2019), scores
above 68 indicate above average usability, while values above 80.3 are
classified as excellent. Therefore, the mean score obtained positions
NurseTechGames within the excellent usability category.

The distribution of scores showed a predominant concentration be-
tween 77.5 and 100, indicating a high perceived ease of use and strong
system acceptance. A small number of participants reported scores be-
tween 50 and 60, suggesting greater individual difficulty in navigating
the immersive environment. No scores below 50 were recorded, indi-
cating the absence of critical usability issues.
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It s essential to observe the location of pain
and the operated limb,

as shortening and extemal rotation suggest
dislocation.
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Clinical Case

- Clinical case of Mr. Jodo Sliva

- Admitted 3 days ago after a fall at home

- Underwent right hemiarthoplasty 2 days ago
- No surgical complications

- Monitoring of the surgical wound

Nurse, 1 am Mrs. Maria, Mr Joa"s wife.
1am very worried, we live on the second

/" floor without an elevator.

Al

Fig. 1. Screenshots of the NurseTechGames immersive virtual reality simulation. (A) Three-dimensional hospital room environment representing an orthopaedic
inpatient setting with an older adult following hip arthroplasty. (B) Clinical case presentation interface providing structured patient information to guide assessment
and clinical reasoning. (C) Gamified feedback screen delivered after quiz-based decision-making, reinforcing correct clinical identification. (D) Interactive scenario
integrating family involvement and continuity of care considerations, including identification of potential home barriers.

3.3.2. Educational appraisal (SEGINAS)

Pedagogical perception of the immersive virtual reality simulation
was assessed using SEGINAS (20 items; theoretical range 20 to 100) (see
Table 1). The mean total score was 95.58 (SD = 5.77), with observed
values ranging from 76 to 100 (Table 2). Considering the theoretical
midpoint of the scale (60), these findings indicate an exceptionally high
appraisal of the pedagogical strategy. The mean score per item was 4.78
(SD = 0.29), reflecting strong agreement across statements. The overall
internal consistency was excellent (a« = 0.918), supporting the psycho-
metric robustness of the instrument in this context. The three subscales
exhibited consistently high mean scores, indicating strong perceived
performance across all evaluated pedagogical domains.

— Factor 1: Engagement and Teaching Effectiveness (8 items; range 8-40).
The mean total score was 39.18 (SD = 1.93), corresponding to a
mean per item of 4.90. Internal consistency was excellent (a =
0.918). Scores approached the upper limit of the scale, indicating
very high perceived engagement, motivation, and pedagogical
effectiveness, with limited variability among participants.

Table 1

System usability scale results for NurseTechGames (n =

50).
Measure Value
Mean SUS Score 83.15
Standard Deviation 14.02
Median 87.50
Minimum 50.0
Maximum 100.0

Overall Classification: Excellent

Table 2
SEGINAS score for NurseTechGames (n = 50).
Dimension Mean (SD) Observed Cronbach's
Range o
SEGiNAS Total Score (20-100) 95.58 (5.77) 76-100 0.918
Mean Item Score 4.78 (0.29) 3.80-5.00 —
Factor 1: Engagement and 39.18 (1.93)  34-40 0.918
Teaching Effectiveness (8-40)
Factor 2: Learning Impact and 28.14 (2.38)  21-30 0.875
Practical Application (6-30)
Factor 3: Content Relevance and 23.42(2.08) 18-25 0.717

Clarity (5-25)

— Factor 2: Learning Impact and Practical Application (6 items; range
6-30). The mean total score was 28.14 (SD = 2.38), with a mean per
item of 4.69. Internal consistency was good to excellent (a = 0.875),
suggesting strong perceived impact on learning and -clinical
applicability.

— Factor 3: Content Relevance and Clarity (5 items; range 5-25). The
mean total score was 23.42 (SD = 2.08), corresponding to a mean per
item of 4.68. Internal consistency was acceptable (a = 0.717),
adequate for applied educational research, indicating high perceived
clarity and relevance of the content.

3.3.3. Qualitative findings

From the qualitative analysis of the open-ended responses, eight
thematic categories emerged: Perceived Learning Value, Clinical
Transfer, Realism and Immersion, Engagement and Motivation, Tech-
nical Robustness, Development Potential, Minor Technical Issues, and
Time Constraints (Table 3).

Perceived Learning Value emerged as the most prevalent category,
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Table 3
Thematic categories identified through qualitative content analysis of open-
ended responses (N = 50).

Category N (%) Example Recording Units
Perceived Learning 32 “Makes learning more interactive and facilitates
Value (64%) understanding of the content.” (P2)
Clinical Transfer 24 “Useful to apply in real clinical contexts.” (P18)
(48%)
Realism and 21 “Realistic simulation.” (P1)
Immersion (42%) “The environment closely resembles reality.”
(P14)
Engagement and 19 “Learning in an interactive way.” (P4)
Motivation (38%) “A different methodology that increases
interest.” (P27)
Technical 18 “I did not identify any relevant errors.” (P9)”
Robustness (36%)
Development 14 “Use it more often with different situations.”
Potential (28%) (P1)”
Minor Technical 9 “Some initial difficulty with the controllers.”
Issues (18%) (P7)
“The headset was slightly uncomfortable.” (P31)
Time Constraints 8 “The time was short to explore everything.”

(16%) (P19)
“It would be important to have more time to
practice.” (P8)

identified by 32 participants. The category Clinical Transfer was
mentioned by 24 participants, who highlighted the applicability of vir-
tual reality experience to real clinical contexts. The dimensions of Re-
alism and Immersion emerged in the responses of 21 participants. The
category Engagement and Motivation was identified in the discourse of
19 participants. The methodology was described as dynamic, interac-
tive, and differentiated when compared with traditional teaching
strategies.

Within the technological domain, the category Technical Robustness
was reflected in statements from 18 participants who reported not
identifying any errors. The category Development Potential was
emphasised by 14 participants, expressing the desire to expand the
number of scenarios or increase the frequency of use. The category
Minor Technical Issues was reported by 9 participants and primarily
concerned initial difficulties in adapting to the equipment. These oc-
currences were described as non-structural. Finally, Time Constraints
was identified by 8 participants, reflecting the perception that the time
allocated could be extended to allow more in-depth exploration of the
simulation.

4. Discussion

The present study aimed to design and to develop a nursing process
structured immersive virtual reality simulation for musculoskeletal
surgical nursing and to conduct a pilot evaluation of its usability and
educational appraisal among undergraduate nursing students. Recent
literature on immersive virtual reality in nursing education demon-
strates benefits in knowledge acquisition and development of clinical
competencies (Chen et al., 2020; Sim et al., 2022; Kiegaldie and Shaw,
2023; Hsieh et al., 2025; Mehraeen et al., 2025). However, systematic
reviews report substantial heterogeneity in scenario design, with
frequent focus on isolated tasks, specific technical skills, or narrowly
defined learning objectives, without structured longitudinal integration
of the different stages of the nursing process (Kiegaldie and Shaw, 2023;
Saab et al., 2023; Mehraeen et al., 2025; Hsieh et al., 2025). This limi-
tation has been identified as a challenge to the consolidation of coherent
and theoretically grounded pedagogical models.

The findings of the present study demonstrated excellent usability
and substantially elevated pedagogical evaluation. However, the
contribution of this study extends beyond technological implementation
and lies primarily in its sequential pedagogical structure, contextual
specificity, and functional integration of gamification elements.
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NurseTechGames was structured sequentially according to the stages of
the nursing process, integrating clinical assessment, risk identification,
prioritisation of interventions, care planning, and discharge prepara-
tion. This organisation promotes structured clinical reasoning and
articulation across care dimensions, aligning with contemporary simu-
lation models that emphasise the importance of instructional design in
educational effectiveness (Jeffries, 2016). The observed educational
value therefore cannot be attributed solely to technological immersion
but to the underlying pedagogical coherence.

The specificity of the musculoskeletal surgical context constitutes an
additional differentiating element. The literature on immersive virtual
reality in nursing predominantly focuses on emergency scenarios,
intensive care, medication administration, or communication skills (Sim
et al., 2022; Hsieh et al., 2025). Orthopaedic surgical nursing involves
distinct challenges, and studies in orthopaedic education indicate diffi-
culties in theory practice integration within this domain (Zhao and Zhu,
2024), reinforcing the relevance of targeted immersive interventions.

The integration of gamification elements was also designed with
explicit pedagogical intentionality. Unlike approaches in which gami-
fication serves a primarily motivational function, the quizzes embedded
within the scenario operated as mechanisms of cognitive activation,
requiring evidence-based decision making and providing immediate
feedback. Recent evidence suggests that gamification, when aligned
with clear educational objectives, may enhance engagement and con-
ceptual retention (Mehraeen et al.,, 2025). In the present study, the
convergence between high scores in the Engagement and Teaching
Effectiveness dimension and qualitative categories related to engage-
ment suggests that these mechanisms fulfilled a structured formative
function.

The usability score (SUS = 83.15) places the system within the
excellent category. This result is particularly relevant given that
immersive environments may increase extraneous cognitive load when
not adequately structured (Frederiksen et al., 2020; Makransky et al.,
2021).

Immersive virtual reality offers several advantages compared with
high-fidelity manikin-based simulation, including greater accessibility,
repeatability (Makransky et al., 2021; Radianti et al., 2020), and the
ability to expose learners to a broader range of clinical scenarios within a
controlled and safe environment (Chen et al., 2020; Hsieh et al., 2025).
However, high-fidelity simulation remains particularly relevant for the
development of psychomotor skills and hands-on clinical competencies
that are essential in nursing education (Cant and Cooper, 2017; INACSL
Standards Committee, 2021). Therefore, immersive virtual reality
should be considered a complementary approach.

The extremely high SEGINAS scores should nevertheless be inter-
preted with caution. Recent research in immersive environments in-
dicates that high levels of engagement may partially reflect a novelty
effect associated with exposure to immersive technology (Hamilton
et al., 2021; Wu et al., 2023). However, the coherence between quan-
titative and qualitative findings, particularly within the Clinical Transfer
and Realism and Immersion categories, suggests that the positive
perception extended beyond technological enthusiasm and included
recognition of the concrete clinical applicability of the orthopaedic
scenario. From a curricular perspective, the sequential structure based
on the nursing process facilitates formal integration within the surgical
nursing curricular unit. This approach is aligned with the INACSL
Standards of Best Practice: Sim et al. (2022), which emphasise clear
objective definition, structured design, and systematic debriefing.

The present study demonstrated that NurseTechGames, designed as a
three-dimensional orthopaedic inpatient scenario structured according
to the nursing process and incorporating gamification elements, can be
effectively implemented as an immersive learning strategy. Nurse-
TechGames can be integrated into nursing curricula as a complementary
simulation-based learning approach to support the development of
clinical reasoning. Its use in clinical skills laboratories may enhance
students’ confidence and decision-making capacity. Furthermore, the
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scalability of immersive virtual reality supports curricular innovation,
enabling structured simulation to be adapted to diverse clinical sce-
narios and integrated across different nursing courses.

4.1. Study limitations

This study presents several limitations that should be considered
when interpreting the findings. First, it was a pilot study conducted at a
single higher education institution using a convenience sample. Volun-
tary participation may have introduced self-selection bias. Additionally,
no comparison group was included and no pre-and-post-intervention
assessment was performed.

Although all participants were monitored for potential cybersickness
symptoms and none reported significant discomfort, no standardised
instrument was used for formal assessment of adverse effects associated
with virtual reality. Another limitation concerns the absence of longi-
tudinal evaluation. The results reflect immediate perceptions following
the immersive experience and may have been partially influenced by a
novelty effect associated with exposure to immersive technology.

5. Conclusion

The present study demonstrated that NurseTechGames constitutes an
immersive virtual reality simulation with high usability and strong
pedagogical acceptance within the context of musculoskeletal surgical
nursing. The structured integration of immersive virtual reality simu-
lations into surgical nursing education represents a pedagogically
coherent and scalable complementary strategy to enhance clinical
reasoning and theory-practice integration. Future research should adopt
controlled designs, include objective assessment of clinical compe-
tencies, and explore the feasibility of large-scale implementation to
consolidate robust evidence regarding its effectiveness.

CRediT authorship contribution statement

Carla Silvia Fernandes: Writing — original draft, Validation, Su-
pervision, Software, Methodology, Investigation, Conceptualization.
Ana Galvao: Writing — review & editing, Supervision, Software, Meth-
odology, Investigation, Formal analysis, Data curation, Conceptualiza-
tion. Cris Renata Grou Volpe: Writing - review & editing,
Methodology, Investigation, Data curation, Conceptualization. Marta
Campos Ferreira: Writing — original draft, Software, Methodology,
Investigation, Conceptualization.

Data availability statement

The datasets generated and/or analysed during the current study are
available from the corresponding author upon reasonable request.

Ethical approval

The study was conducted in accordance with institutional and in-
ternational ethical guidelines.

Funding statement

The authors received no financial support for the research, author-
ship, and publication of this article.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

International Journal of Orthopaedic and Trauma Nursing 61 (2026) 101286
References

Almeida, 1.S., Pinto, C., Lima, A., Moreira, T., Fernandes, C.S., 2024.
Game4NurseSupervisor: development of a board game for nursing mentoring. Nurse
Educ. Pract. 76, 103939. https://doi.org/10.1016/j.nepr.2024.103939.

Brooke, J., 1996. SUS: a “quick and dirty” usability scale. In: Jordan, P.W., et al. (Eds.),
Usability Evaluation in Industry. Taylor & Francis, pp. 189-194. https://doi.org/
10.1201/9781498710411.

Cameron, L.E., Aratjo, S.T.C., 2011. Undergraduate students in orthopedic nursing care.
Rev. Latino-Am. Enferm. 19 (6), 1391-1397. https://doi.org/10.1590/50104-
11692011000600016.

Cant, R.P., Cooper, S.J., 2017. Use of simulation-based learning in undergraduate nurse
education: an umbrella systematic review. Nurse Educ. Today 49, 63-71. https://
doi.org/10.1016/j.nedt.2016.11.015.

Chatzea, V.E., Papadopoulos, T., Kourkouta, L., Sapountzi-Krepia, D., 2025. Digital
serious games for undergraduate nursing education: a review of key design
characteristics. Information 16 (10), 877. https://doi.org/10.3390/info16100877.

Chen, F.Q., Leng, Y.F., Ge, J.F., Wang, D.W., Li, C., Chen, B., Sun, Z.L., 2020.
Effectiveness of virtual reality in nursing education: meta-analysis. J. Med. Internet
Res. 22 (9), €18290. https://doi.org/10.2196,/18290.

Cheng, J., Wu, Y., Huang, L., Wy, Y., Guan, Y., 2025. Integrating Kolb's experiential
learning theory into nursing education: a four-stage intervention with case analysis,
mind maps, reflective journals, and peer simulations for advanced health
assessment. Front. Med. 12, 1616392. https://doi.org/10.3389/
fmed.2025.1616392.

Fernandes, C.S., Campos, J., Moreira, M.T., Lima, A.M.N., Ferreira, M.S., Martins, M.M.,
2024. Development and validation of the serious educational game in nursing
appraisal scale. Nursing Reports 14 (2), 87. https://doi.org/10.3390/
nursrep14020087.

Frederiksen, J.G., Sgrensen, S.M., Konge, L., Svendsen, M.B.S., Nobel-Jgrgensen, M.,
Bjerrum, F., Andersen, S.A.W., 2020. Cognitive load and performance in immersive
virtual reality versus conventional virtual reality simulation training of laparoscopic
surgery: a randomized trial. Front. Psychol. 11, 574521. https://doi.org/10.3389/
fpsyg.2020.574521.

Hamilton, D., McKechnie, J., Edgerton, E., Wilson, C., 2021. Immersive virtual reality as
a pedagogical tool in education: a systematic literature review of quantitative
learning outcomes and experimental design. Educ. Res. Rev. 34, 100387. https://
doi.org/10.1016/j.edurev.2021.100387.

Hsieh, J.-Y., Lin, P.-C., Sun, W.-N., Lin, T.-R., Kuo, C.-C., Hsu, H.-T., 2025. Effectiveness
of immersive virtual reality in nursing education for nursing students and nursing
staff: a systematic review and meta-analysis. Nurse Education Today. Advance online
publication. https://doi.org/10.1016/j.nedt.2025.106725.

Hyzy, M., Bond, R., Mulvenna, M., Bai, L., Dix, A., Leigh, S., Hunt, S., 2022. Comparative
evaluation of the system usability scale for digital health apps: a meta-analysis. JMIR
mHealth uHealth 10 (8), e37290. https://doi.org/10.2196/37290.

INACSL Standards Committee, 2021. INACSL standards of best practice: simulationsm
simulation design. Clin. Simul. Nurs. 58, 14-21. https://doi.org/10.1016/j.
ecns.2021.08.001.

Jeffries, P.R., 2016. The NLN Jeffries simulation theory. National League for Nursing.

Kiegaldie, D., Shaw, L., 2023. Immersive virtual reality simulation in nursing education:
a scoping review. Clin. Simul. Nurs. 75, 12-21. https://doi.org/10.1016/j.
ecns.2022.11.004.

Koivisto, J.-M., Kamarainen, S., Mattsson, K., Jumisko-Pyykko, S., Ikonen, R.,
Haavisto, E., 2025. Exploring nursing students' experiences of empathy and user
experiences in an immersive virtual reality simulation game: cross-sectional study.
JMIR Serious Games 13, €62688. https://doi.org/10.2196/62688.

Kolb, D.A., 1984. Experiential Learning: Experience as the Source of Learning and
Development. Prentice Hall.

Laguna, L.V., Fernandes, C.S., Campos, J., Ferreira, M.C., 2024. Gamifying the
exploration of home mobility barriers for individuals with limited mobility: a
scoping review. Smart Health. Advance online publication. https://doi.org/
10.1016/j.smhl.2024.100523.

Makransky, G., Petersen, G.B., Klingenberg, S., 2021. Can immersive virtual reality
simulations support learning? A meta-analysis. Educ. Psychol. Rev. 33, 937-959.
https://doi.org/10.1007/5s10648-020-09547-8.

Maramba, I., Chatterjee, A., Newman, C., 2019. Methods of usability testing in the
development of eHealth applications: a scoping review. Int. J. Med. Inf. 126, 95-104.
https://doi.org/10.1016/j.ijmedinf.2019.03.018.

Mehraeen, E., Dashti, M., Mirzapour, P., Ghasemzadeh, A., Jahani, S., Afsahi, A.M.,
Mohammadi, S., Khajeh Akhtaran, F., Mehrtak, M., SeyedAlinagh, S.A., 2025.
Serious games in nursing education: a systematic review of current evidence. Nurse
Education Today. Advance online publication. https://doi.org/10.1016/j.
nedt.2025.105000.

Park, M., Moon, K.J., 2025. The effects of game-based virtual reality in nursing
education: a scoping review. Korean Journal of Adult Nursing 37 (4), 384-400.
https://doi.org/10.7475/kjan.2025.0814.

Radianti, J., Majchrzak, T.A., Fromm, J., Wohlgenannt, I., 2020. A systematic review of
immersive virtual reality applications for higher education: design elements, lessons
learned, and research agenda. Educ. Inf. Technol. 25, 5421-5455. https://doi.org/
10.1007/510639-020-10154-6.

Saab, M.M., McCarthy, M., O'Mahony, B., Cooke, E., Hegarty, J., 2023. Virtual reality
simulation in nursing and midwifery education: a usability study. Computers,
Informatics, Nursing 41 (10), 652-660. https://doi.org/10.1097/
CIN.0000000000001010.

Sim, J.J.M., Rusli, K.D.B., Seah, B., Levett-Jones, T., Lau, Y., Liaw, S.Y., 2022. Virtual
simulation to enhance clinical reasoning in nursing: a systematic review and meta-


https://doi.org/10.1016/j.nepr.2024.103939
https://doi.org/10.1201/9781498710411
https://doi.org/10.1201/9781498710411
https://doi.org/10.1590/S0104-11692011000600016
https://doi.org/10.1590/S0104-11692011000600016
https://doi.org/10.1016/j.nedt.2016.11.015
https://doi.org/10.1016/j.nedt.2016.11.015
https://doi.org/10.3390/info16100877
https://doi.org/10.2196/18290
https://doi.org/10.3389/fmed.2025.1616392
https://doi.org/10.3389/fmed.2025.1616392
https://doi.org/10.3390/nursrep14020087
https://doi.org/10.3390/nursrep14020087
https://doi.org/10.3389/fpsyg.2020.574521
https://doi.org/10.3389/fpsyg.2020.574521
https://doi.org/10.1016/j.edurev.2021.100387
https://doi.org/10.1016/j.edurev.2021.100387
https://doi.org/10.1016/j.nedt.2025.106725
https://doi.org/10.2196/37290
https://doi.org/10.1016/j.ecns.2021.08.001
https://doi.org/10.1016/j.ecns.2021.08.001
http://refhub.elsevier.com/S1878-1241(26)00031-6/sref16
https://doi.org/10.1016/j.ecns.2022.11.004
https://doi.org/10.1016/j.ecns.2022.11.004
https://doi.org/10.2196/62688
http://refhub.elsevier.com/S1878-1241(26)00031-6/sref19
http://refhub.elsevier.com/S1878-1241(26)00031-6/sref19
https://doi.org/10.1016/j.smhl.2024.100523
https://doi.org/10.1016/j.smhl.2024.100523
https://doi.org/10.1007/s10648-020-09547-8
https://doi.org/10.1016/j.ijmedinf.2019.03.018
https://doi.org/10.1016/j.nedt.2025.105000
https://doi.org/10.1016/j.nedt.2025.105000
https://doi.org/10.7475/kjan.2025.0814
https://doi.org/10.1007/s10639-020-10154-6
https://doi.org/10.1007/s10639-020-10154-6
https://doi.org/10.1097/CIN.0000000000001010
https://doi.org/10.1097/CIN.0000000000001010

C.S. Fernandes et al.

analysis. Nurse Educ. Today 108, 105188. https://doi.org/10.1016/j.
nedt.2021.105188.

Sweller, J., 1988. Cognitive load during problem solving: effects on learning. Cogn. Sci.
12 (2), 257-285. https://doi.org/10.1207/515516709c0g1202_4.

Wijnen-Meijer, M., Brandhuber, T., Schneider, A., Berberat, P.O., 2022. Implementing
Kolb's experiential learning cycle by linking real experience, case-based discussion
and simulation. J. Med. Educ. Curric. Dev. 9, 23821205221091511. https://doi.org/
10.1177/23821205221091511.

International Journal of Orthopaedic and Trauma Nursing 61 (2026) 101286

Wu, B, Yu, X., Gu, X., 2023. Effect of immersive virtual reality on learning outcomes: the
role of novelty effect. Comput. Educ. 194, 104709. https://doi.org/10.1016/j.
compedu.2022.104709.

Zhao, Y., Zhu, H., 2024. Exploring the application effect of evidence-based nursing and
scenario-based teaching method in orthopedic nursing student precepting. Minerva
Surgery 79 (3), 382-384. https://doi.org/10.23736/52724-5691.23.10161-4.


https://doi.org/10.1016/j.nedt.2021.105188
https://doi.org/10.1016/j.nedt.2021.105188
https://doi.org/10.1207/s15516709cog1202_4
https://doi.org/10.1177/23821205221091511
https://doi.org/10.1177/23821205221091511
https://doi.org/10.1016/j.compedu.2022.104709
https://doi.org/10.1016/j.compedu.2022.104709
https://doi.org/10.23736/S2724-5691.23.10161-4

	Design and usability of an immersive virtual reality simulation in orthopaedic nursing education: A pilot study
	1 Introduction
	2 Methods
	2.1 Design
	2.2 Prototype development
	2.3 Setting and population
	2.4 Instruments
	2.5 Data analyses
	2.6 Ethical considerations

	3 Results
	3.1 Participant characteristics
	3.2 NurseTechGames: prototype development
	3.3 Evaluation of usability and educational outcomes
	3.3.1 Usability assessment (SUS)
	3.3.2 Educational appraisal (SEGINAS)
	3.3.3 Qualitative findings


	4 Discussion
	4.1 Study limitations

	5 Conclusion
	CRediT authorship contribution statement
	Data availability statement
	Ethical approval
	Funding statement
	Declaration of competing interest
	References


