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ABSTRACT

Objective: Simulation-based education provides a safe environment for experiential learning; however, delivering high-quality
training in clinical settings remains challenging. Portable technologies — including mobile simulation units, virtual reality
(VR), and augmented reality (AR)—offer flexible, on-site education. This scoping review aimed to identify portable simulation
modalities used for nursing and medical continuing education in hospital settings and to describe associated educational outcomes.
Methods: The review followed Arksey and O’Malley’s 5-stage methodological framework and adhered to the PRISMA-ScR
checklist. MEDLINE, CINAHL, and ERIC were searched for peer-reviewed studies published between January 2010 and August
2025.
Results: Sixty-five studies were included. The studies were heterogeneous with a mix of experimental and quasi-experimental
designs. Modalities included VR, AR, hybrid simulations, computer- and web-based platforms, game-based learning, mobile
simulation carts, and portable low- and high-fidelity models. Outcomes most often addressed knowledge, technical skills,
confidence, and clinical decision-making. VR and AR enabled immersive, flexible learning, while mobile, web-based, and
computer-based platforms supported accessible, self-paced training. Hybrid and high-fidelity simulations enhance complex
decision-making, teamwork, and technical skills. Portable simulations enabled hands-on, context-specific training in clinical
environments.
Conclusions: Simulation-based education represents a versatile approach for healthcare workforce education. Immersive VR and
AR primarily support knowledge application, while portable and mobile simulations can facilitate technical skill development in
clinical settings. Integrating portable mediums into hospital education could promote access to education, knowledge translation
and evidence-informed practice implementation.
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1. INTRODUCTION

Health care simulation labs, whether conducted in person or
through virtual technologies, are fundamental in educating

students and staff. They provide experiential, immersive
learning experiences that closely replicate clinical scenarios
and engage healthcare providers to foster clinical compe-
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tence.[1] This approach equips learners with essential skills,
knowledge, and behavioural considerations in a secure, con-
trolled environment, thereby enhancing learning outcomes
for healthcare students and staff.[2, 3] As a result, simula-
tions can help improve preparedness, self-confidence, and
self-esteem for real-life healthcare situations.[1–3]

The history of simulation education dates back to between
24,000 and 22,000 BC, with stone carvings of human figures
discovered across Eurasia from this period. The earliest writ-
ten reference to simulation in healthcare education is found
in the Sushruta Samhita, which describes wooden objects
used as surgical training simulators. In the early 20th century,
significant developments included Martha Jenkins Chase’s
creation of a doll in 1911 for training nurses in wound care
and medication administration. During the 1940s, the US
Army employed manikins to teach medical techniques to
corpsmen. The 1960s marked a pivotal era in medical sim-
ulation. The Resusci Anne was developed as an affordable
training model for resuscitation, while SimOne emerged as
an advanced manikin capable of simulating various physio-
logical responses. Additionally, during this era, the Harvey
simulator was developed as a hybrid training tool for cardiol-
ogy, combining traditional manikin features with computer-
enhanced capabilities. Anesthesia was among the first fields
to adopt medical simulation in this era, introducing a sim-
ulator that mimicked physiological responses to drugs and
taught basic airway management.[4] Today, healthcare sim-
ulation encompasses various modalities for teaching. Sce-
narios with standardized patients help develop interpersonal
and communication skills, while task trainers, cadavers, and
animal models allow for practice of procedures without risk-
ing patient safety. Interactive software, virtual reality, and
high-fidelity manikins are used to simulate medical emer-
gencies, contributing to improved patient survival rates.[5–7]

The increasing complexity of medical procedures and the
need for continuous skill development have led to a growing
demand for effective simulation training in healthcare. In
response to this growing demand, innovative portable tech-
nologies have been introduced, allowing on-site training and
skill reinforcement.[6–10]

In recent years, there has been a growing interest in the inte-
gration of simulation technologies into healthcare delivery
settings. Advanced simulation tools can support healthcare
practitioners in integrating learning into their daily routines,
enhancing their ability to provide high-quality care by im-
proving preparedness for diverse patient scenarios and re-
ducing the gap between theoretical knowledge, evidence,
and practical application.[11] While simulation-based learn-
ing has been extensively studied within education settings
for student learners and demonstrated the ability to enhance

knowledge, skill acquisition,[12] and competency,[13] the ac-
cessibility of static simulation laboratory locations can pose
challenges to access these learning environments for health-
care professionals. The advent of portable simulation-based
learning opportunities may help promote accessibility to
Simulation-based learning (SBL) in healthcare environments;
however, a comprehensive review of the evidence to help in-
form the integration of portable simulation initiatives has yet
to be done. This scoping review aimed to identify the current
evidence on portable simulation-based education delivery for
nursing and medical staff in clinical settings.

2. METHODS

This scoping review was conducted in accordance with the
5-stage methodological framework, described by Arksey and
O’Malley (2005) and adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Extension
for Scoping Reviews (PRISMA-ScR) Checklist.[14] A com-
prehensive literature search was completed in MEDLINE,
CINAHL, and ERIC databases from January 1, 2010, up to
August 2025. The reference lists of included studies were
also reviewed. The terms of the search included clinical sim-
ulation, portable simulation technologies, mobile simulation
units, simulation wheels, virtual reality, augmented reality,
education, nursing, medical, and hospital. Full details of
each search strategy are available in Appendix 1. Studies
were included if they met the following criteria: virtual or
portable simulation technology used in a hospital setting for
health care providers. Studies that took place in specialized
settings that may not be generalizable to a larger hospital-
based education curriculum were excluded; for example,
surgical, cardiac catheterization, nursing home, or long-term
care settings. Studies were excluded during full-text review
if they did not meet the predefined inclusion criteria for this
scoping review, including studies conducted in non-hospital
settings, studies not involving portable or simulation-based
educational interventions, studies not reporting educational
outcomes relevant to healthcare providers, or studies with
designs outside the review scope. Studies published before
2010 were excluded due to significant technological advance-
ments. Studies involving only students were excluded. Stud-
ies which included nursing, medical, and allied health staff
were included, although nursing and/or physicians must have
been included as study participants and where results focused
on sub-group analysis of results related to the nursing and
medical professions. The following research questions were
established to explore the evidence for portable simulation
technology used in the hospital setting:
1) What portable simulation modalities are being used to
support education delivery to nursing and medical staff?
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2) What are the educational outcomes associated with the
studied portable simulation technology?

2.1 Selection of studies
References were imported into Covidence (Veritas Health
Innovation) to facilitate article screening. Duplicates were
removed. Two reviewers independently conducted level 1
(title and abstract) screening and level 2 (full text article)
screening. Any conflicts that arose between reviewers were
resolved by a third reviewer.

2.2 Data extraction and analysis
Data were extracted by the same two reviewers. Consensus
was completed by the third reviewer and the senior author.
The Covidence Data Extraction template for scoping reviews
was used as a template with additional fields added. Based
on the full text review, the following categories were added

for data extraction: portable simulation type, total number
of participants, outcome(s) of interest, barriers, facilitators,
and future considerations. The analysis focused on identify-
ing the simulation type and outcomes measured. Qualitative
thematic analysis was used to identify patterns and themes
across the 65 studies that were included in this scoping re-
view.

3. RESULTS

The literature search identified a total of 5654 articles from
three databases, of which 1344 articles were excluded as
duplicates. There were 4330 articles left for further review.
After title and abstract review, an additional 4209 studies
were excluded. A full-text review was conducted on the re-
maining 121 articles, with 65 articles meeting the inclusion
criteria (see Figure 1).

Figure 1. PRISMA Diagram
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3.1 Article and study characteristics
3.1.1 Study characteristics
Most studies were conducted in the United States (n=18)
and South Korea (n=11). Seven studies were undertaken in
Taiwan, seven in China, and four in Canada. The remaining
studies were distributed across Europe, including Germany
(n = 2), the United Kingdom (n = 2), Sweden (n = 2), Italy (n
= 1), France (n = 1), South Africa (n = 1), Saudi Arabia (n =
1), Iran (n = 1), Singapore (n = 1), Singapore and Malaysia
(n = 1), Israel (n = 1), Colombia (n = 1), Australia (n = 1),
and Japan (n = 2), demonstrating broad international interest
in portable simulation-based education.

Study designs were heterogeneous and included random-
ized controlled trials (n = 16), quasi-experimental (n = 13),
mixed-methods (n = 9), and pre-post-test studies (n = 8). The
remaining studies included qualitative (n = 5), quantitative
(n = 4), descriptive (n = 2), framework-based design (n =
4), cohort study (n = 1), post-test observation (n = 1), time-
series, prospective pilot study (n = 1), and non-randomized
controlled design (n = 1).

Across the 65 included studies, the majority focused on
nurses, who were the primary population in 37 studies. Physi-
cians were the sole participants in 4 studies. The remaining
24 studies involved mixed healthcare professional groups,
including combinations of nurses, physicians, nursing assis-
tants, nurse practitioners, pharmacists, medical trainees, al-
lied health professionals, and students. Overall, participants
represented a broad spectrum of healthcare roles, with nurses
being the most frequently studied group (see Appendix 2).

3.1.2 Simulation modalities and portability
Among the 65 included studies, VR-only simulations were
the most frequent education medium (n = 21), followed by hy-
brid simulations (n = 11). Traditional low- and high-fidelity
simulations (n = 4) were described, utilizing manikins and
task trainers to support hands-on practice. Other mediums
included computer-based simulations (n = 6), web-based
simulations (n = 5), game-based or mobile simulations (n =
5), AR-only simulations (n = 4), virtual patient simulations
(non-VR, non-game) (n = 3), mobile or travelling simulation
carts (n = 2), and other educational interventions and learning
mediums (n = 4).

Most VR (n = 19),[15–33] computer-based/web-based (n =
11),[34–44] game-based and mobile (n = 5),[45–49] and virtual
patient simulations (n = 3)[50–52] were fully portable and
usable across multiple learning environments. Some VR sim-
ulations were semi- or potentially portable due to manikin
integration or PC-tethering (n = 2).[53, 54] Of 11 hybrid simu-
lations,[55–65] seven were fully portable,[55–61] one was semi-
portable due to blended online and hands-on training,[62] and

three were portable but required significant set-up due to
physical and mechanical components.[63–65] All AR simu-
lations (n = 4) were portable, using standalone headsets or
mobile devices.[66–69]

High-fidelity simulations varied: two were portable[70, 71]

and deployable on laptops with task trainers, while two were
portable but required significant set-up considerations due
to reliance on manikins and specific hospital environment
requirements.[72, 73] Some structured interventions required
significant set-up (n = 3).[74–76] These included high-fidelity
manikins and unit-based simulation setups, though one study
promoted portability, combining high-fidelity, virtual, and
case-based simulations.[77] Mobile carts and in situ models
(n = 2) were fully transportable, enabling context-specific
clinical training.[78, 79]

1) Virtual Reality Simulation
VR offers an immersive, computer-generated environment
that supports experiential learning and reflective practice
12. Across the studies, VR simulations were frequently de-
scribed as engaging, realistic, and acceptable to healthcare
learners, with reported benefits across cognitive and affec-
tive learning domains. For instance, Kai et al.[23] reported
that VR simulation enhanced understanding of clinical pro-
cedures, while Gillespie et al.[19] found that VR facilitated
better understanding of the social determinants of health and
patient complexity. Similarly, Beverly et al.[15] reported in-
creased awareness of disability-related discrimination and
improved confidence in recognizing and reporting abuse.
Forgiarini et al.[18] found VR simulation engaging, chal-
lenging, and useful for improving self-confidence, though
participants required time to adapt to the technology. In a
quasi-experimental study, Kim et al.[24] observed significant
improvements in knowledge, self-efficacy, and learning satis-
faction in the VR group compared with conventional learn-
ing. Comparable results were reported by Rowlands et al.,[27]

Jeon et al.,[21] and Gunther et al.,[20] who identified enhanced
motivation, empathy, and performance following VR-based
interventions. Other studies noted improvements in diagnos-
tic performance, dementia–care practices, clinical reasoning,
and learner confidence.[17, 30, 31, 54] Learner satisfaction was
consistently high,[25, 53] although some studies highlighted
limitations such as headset discomfort, technological adapta-
tion,[28] and preferences for blended approaches combining
VR with in-person training.[33] Jung et al.[22] observed im-
proved knowledge, self-efficacy, and perceptions of accessi-
bility. Similarly, Chiang et al.[16] demonstrated that VR train-
ing materials substantially improve trainees’ self-efficacy by
boosting their familiarity, confidence, and comfort, while
increasing satisfaction with the learning experience and mo-
tivating them to apply the skills and knowledge in clinical
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practice. Notably, Zhang et al.[32] found no significant dif-
ferences in theoretical or performance scores compared with
traditional methods; participants still regarded VR as a real-
istic and safe environment for practice.

Overall, VR simulation has demonstrated strong potential
as a flexible educational modality that supports experien-
tial learning, confidence development, and skills application,
while acknowledging ongoing technological and implemen-
tation challenges.

2) Hybrid Simulations
Hybrid simulations combine two or more simulation modal-
ities, such as manikins, standardized patients, and digital
or virtual tools, to create a more comprehensive and realis-
tic learning experience. This blended approach improved
both technical and communication skills, bridging the gap
between traditional and technology-enhanced learning.[1]

Across studies, hybrid approaches were associated with im-
provements in technical skills, communication, and clinical
performance. For example, Guerrero et al.[64] reported gains
in knowledge and clinical examination performance follow-
ing combined VR and high-fidelity training, while Hung
et al.[57] observed improvements in attitudes, knowledge-
related outcomes, and self-efficacy using integrated VR and
AR simulations for oral care education.

Several studies highlighted the adaptability and practical-
ity of hybrid models. Dwyer et al.[56] described a portable
hybrid simulation combining high-fidelity elements with hu-
manistic role-play, which enhanced recognition of patient
deterioration in settings without access to simulation centers.
Similarly, Huang et al.[62] and Zhang et al.[61] reported in-
creased confidence, familiarity with decision-making, and
disaster preparedness through blended VR and hands-on
training approaches. Reece et al.[60] demonstrated improve-
ments in teamwork and clinical performance, including a
36.6% reduction in PPE breaches, using VR simulations and
standardized patients or manikins.

Other studies reported positive learner perceptions and
performance-related outcomes using hybrid delivery, includ-
ing mobile education programs,[59] smartphone-based MCI
training,[55] and web-based applications with AR compo-
nents for end-of-life care education.[58] In a comparative
study, New et al.[65] found that manikin-based simulation was
more realistic and emotionally engaging than VR for hemop-
tysis management, while Covington et al.[63] demonstrated
improvements in emergency airway management knowledge
and self-efficacy following combined online and in-situ sim-
ulation.

Overall, hybrid simulations demonstrated versatility across

healthcare contexts and were associated with technical, in-
terpersonal, and teamwork-related learning. By combining
physical and digital components, hybrid approaches offer
adaptable and resource-efficient strategies for clinical educa-
tion.

3) Computer-based and Web-based Simulations
Computer- and web-based simulations are increasingly used
in nursing education to provide safe, interactive, and ac-
cessible learning environments, supporting knowledge ac-
quisition, clinical skill development, and decision-making
through flexible virtual scenarios.[36, 38] Evidence from the
reviewed studies demonstrates positive educational outcomes
across multiple domains. For example, Marsack et al.[36] re-
ported sustained improvements in knowledge and confidence
in early sepsis recognition immediately after training and at
three-month follow-up, while Parchami et al.[37] observed
higher moral sensitivity in intervention groups two months
post-training. Simulation tools such as Urecath[35] and Visual
Blood[39] were associated with improved confidence, diag-
nostic accuracy, and performance, alongside high usability
and willingness to integrate these tools into practice.

Similarly, web-based interactive simulations demonstrated
significant improvements in knowledge, accuracy, compli-
ance, and self-efficacy, as reported by Hung et al.[40] in
personal protective equipment training. Liaw et al.[42] found
enhanced clinical performance and learner satisfaction in
acute care education, and Moule et al.[44] observed increased
knowledge in oncology training using virtual patient simula-
tions. During the COVID-19 pandemic, Mastoras et al.[43]

reported that fully online critical care triage simulations im-
proved confidence, knowledge, comfort, and attitudes toward
practice. Ko et al.[41] also demonstrated significant gains
in disaster mental health competence, problem-solving, self-
leadership, self-efficacy, and motivation following web- and
mobile-based training.

Overall, computer- and web-based simulation modalities
were consistently associated with positive learning and
competency-related outcomes, with effectiveness varying
according to learning objectives, technological features, and
instructional design.

4) Game-based and Mobile Simulations
Game-based and mobile simulations use interactive digital
platforms, including smartphone applications and serious
games, to support engagement, self-paced learning, and clin-
ical decision-making.[45, 46, 48] These mediums were associ-
ated with improvements in knowledge-related outcomes, con-
fidence, and performance while offering flexible and accessi-
ble training options across all studies examining these medi-
ums. Wang et al.[48] reported improved skill performance
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and reduced procedural errors following a game-based mo-
bile intervention. Similarly, Albright et al. (2013) observed
increases in knowledge, skill, behavioural intent, with par-
ticipants describing the training as realistic and satisfactory.
Wang et al.[49] found significant improvements in theoret-
ical test scores and procedural performance using a game-
based ECMO training application, while Chang et al.[46]

reported enhanced attitudes, communication competence,
and decision-making accuracy following smartphone-based
virtual simulation. Lim et al.[47] also demonstrated improved
preparedness for nursing delegation after completion of a
mobile simulation program.

Overall, game-based and mobile simulations were associated
with positive educational outcomes and represent engaging,
scalable approaches for delivering clinical education across
diverse healthcare settings.

5) Augmented Reality Simulations
AR enhances education by overlaying virtual elements onto
the real world, allowing interaction with both physical and
digital objects.[80] AR has been shown to improve the under-
standing of complex clinical procedures and skills. Leary
et al.[68] found that learners using an AR CPR application
demonstrated better engagement and reported more realis-
tic patient presence compared with those using a standard
audiovisual manikin. Similarly, Balian et al.[66] reported
that AR-based CPR training was feasible and well-received,
while Heo et al.[67] showed AR effectively guided ventilator
setup using holographic prompts. Sun et al.[69] demonstrated
improved nurses’ knowledge and performance in ACLS sce-
narios through AR applications.

Overall, AR provides flexible, safe, and effective platforms
for learning complex procedures, particularly beneficial for
remote or resource-limited settings, though challenges such
as equipment requirements and cognitive load remain.

6) Virtual Patient (non-VR) Simulations
Virtual simulation is an interactive, computer-based learning
approach that presents realistic patient scenarios through mo-
bile devices or desktop browsers. These simulations provide
engaging, self-directed learning opportunities that enhance
knowledge, clinical reasoning, and technical skills. Studies
have shown that virtual simulations effectively build learners’
confidence and competence while supporting the application
of theory to practice.[50–52] The flexibility of these simula-
tions allows healthcare providers to engage in training at
their own pace and setting, making virtual simulation an effi-
cient, scalable, and accessible tool for ongoing professional
development.

7) Low- and high-fidelity Simulations

Low- and high-fidelity simulation modalities have both been
used to support clinical training with outcomes varying learn-
ing objectives and context.[70, 73] Arnold et al.[70] found no
significant differences in knowledge, confidence, or perfor-
mance when comparing low-fidelity, computer-based, and
full-scale simulations for emergency response training. In
contrast, Carpico et al.[72] reported improved adherence
to ACLS algorithms following in-situ resuscitation review
training among nursing staff, and Sok et al.[73] observed
increased knowledge and performance and reduced stress
using low-fidelity simulation in CPR training. Wang et al.[71]

found that participants trained with high-fidelity simulation
demonstrated higher performance scores, fewer medication
errors, and better teamwork and communication compared
with computer-based simulation. Together, both low- and
high-fidelity simulations were associated with improved clin-
ical preparedness, while high-fidelity models offered added
value for complex decision-making and team-based skills.

8) Educational Intervention and Learning Modalities
Simulation-based educational interventions can improve clin-
icians’ competence, confidence, and performance by pro-
viding realistic, practice-based learning experiences.[75, 76]

Structured interventions consistently demonstrated positive
impacts on decision-making, diagnostic skills, and clinical
performance. Fernández-Avila et al.[74] found that focused
learning activities enhanced diagnostic reasoning. Luo et
al.[77] reported that interactive, case-based exercises im-
proved clinical judgement in complex scenarios. Page et
al.[76] further showed that simulation-based central-line care
training increased competency and reduced bloodstream in-
fection rates. Han et al.[75] demonstrated improvements in
ICU nurses’ self-efficacy and emergency airway manage-
ment. Together, these studies indicate that well-designed
simulation-based interventions effectively strengthen clini-
cal reasoning, decision-making, and patient care outcomes
across healthcare settings.[74, 77]

9) Mobile/Travelling Cart Simulations
Portable simulation brings training directly to healthcare
providers in their workplace, reducing interruptions to clini-
cal responsibilities and eliminating the need for travel.[78, 79]

Using self-contained mobile carts, learners engaged in realis-
tic, hands-on practice across a variety of settings, building
technical skills, critical thinking, and confidence while en-
abling immediate application of knowledge. Studies consis-
tently reported that portable simulation was practical, valu-
able, and effective for integrating learning into daily prac-
tice, improving skills, competence, and self-confidence.[78, 79]

This approach provides an adaptable, efficient, and safe
model for high-quality clinical education in real-world envi-
ronments.
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10) Thematic Analysis of Portable Simulation-Based Ed-
ucation
The studies found that portable simulation technologies were
the main educational method used. Examples include mobile
simulation carts, virtual reality platforms, and web-based
tools that help with clinical training in different settings. In
general, portable simulation helped learners improve their
clinical skills by allowing them to practice procedures and
decision-making in a safe, low-risk environment.

A consistent theme across the reviewed studies was the im-
provement of learner confidence and engagement following
simulation-based training. Participants often indicated im-
provements in self-efficacy, clinical task performance, and
readiness to engage in patient care. These outcomes were
most evident in immersive modalities such as virtual and
augmented reality, which provided realistic scenarios that
promoted active participation and experiential learning.

Improved clinical reasoning and decision-making were an-
other major theme identified in the literature. Learners across
different simulation types demonstrated stronger skills in
assessing patients, selecting appropriate interventions, and
applying clinical judgment in complex cases. Simulation-

based activities enabled participants to practice responding
to urgent, high-risk, or infrequently encountered scenarios in
a controlled environment, thereby strengthening situational
awareness and facilitating the transfer of knowledge to clini-
cal practice.

Accessibility and portability were also identified as important
advantages of portable simulation-based education. Unlike
traditional simulation centres, portable technologies can be
implemented directly within clinical environments, reducing
barriers related to scheduling, travel, and access to special-
ized facilities. This flexibility enables healthcare providers
to participate in training closer to the point of care and may
support greater participation in continuing professional de-
velopment activities. In summary, the findings show that
portable simulation helps improve professional learning out-
comes, such as clinical skills, confidence, and readiness for
clinical practice.

Figure 2 summarizes the four major thematic areas identi-
fied across the reviewed literature and their contribution to
professional learning outcomes in portable simulation-based
healthcare education.

Figure 2. Major Themes Identified in Portable Simulation-Based Education Literature

4. DISCUSSION

The results of this scoping review suggest that portable
simulation-based training effectively improves learners’ clin-
ical skills, confidence, and ability to apply knowledge in
practice. Participants reported improved performance in
technical procedures, decision-making, critical thinking, and
teamwork, which is consistent with recent studies showing
that simulation-based learning enhances procedural compe-

tence, problem-solving abilities, and collaboration in health-
care education.[1, 80, 81] For practical applications in hospital
settings, the discussion is organized into key educational
outcome themes.

Four major thematic areas emerged from the literature syn-
thesis: (1) clinical skill development, (2) confidence and
learner engagement, (3) clinical reasoning and knowledge
translation, and (4) accessibility and portability of education.
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These themes were consistently identified across multiple
simulation modalities and healthcare disciplines.

4.1 Clinical skills
The scoping review found improvement in clinical skills
acquisition across portable, in situ, virtual reality (VR), aug-
mented reality (AR), computer-based, and hybrid simulation
modalities. Simulation strategies such as mobile units and
hybrid task-trainer models supported structured assessment
and immediate feedback, facilitating both psychomotor and
cognitive skill development. This is consistent with evi-
dence in academic settings. For instance, Altinbas et al.[82]

demonstrated significantly greater clinical skill acquisition
and retention among undergraduate nursing students trained
in structured laboratory settings compared to those receiv-
ing theoretical instruction alone, although satisfaction and
self-confidence were not significantly improved.

Point-of-care simulations offer additional advantages, partic-
ularly hands-on practice with physical equipment and con-
textualized, in situ learning. Cashen et al.[83] demonstrated
that point-of-care CPR simulations with portable manikins
improved both simulated and actual performance during pe-
diatric in-hospital cardiac arrests, highlighting the value of
in-situ, hands-on practice. Similarly, Naito et al.[84] found
that bladder point-of-care ultrasound simulation exercises
for nursing students led to sustained improvements in techni-
cal performance, image interpretation, and clinical decision-
making.

Edler et al.[5] showed that small-scale, affordable simulators
effectively improved procedural competency outside tradi-
tional laboratory settings, while Gower et al.[9] reported
enhanced skill acquisition and teamwork in low-resource
environments using portable in-person simulation.

4.2 Confidence and learner engagement
VR simulations have been particularly noted for immersive
learning experiences that enhance engagement and confi-
dence. Macnamara et al.[7] reported that VR effectively
replicated complex clinical scenarios within structured as-
sessment environments. Similarly, Jenson et al.[6] demon-
strated the potential of VR simulation in early application
of VR technology in nursing education, which engages stu-
dents through three-dimensional technology, emphasizing
the benefits of immersive learning, procedural understand-
ing, and decision-making. Augmented reality simulations
offer interactive training by implementing digital elements
into real-world environments to support procedural learning
and clinical decision-making. Hess et al.[85] demonstrated
that remote AR simulations effectively improve communica-
tion and clinical reasoning, and, moreover, were engaging.

However, while AR enhances cognitive engagement, it may
not fully replicate the tactile and contextual components of
hands-on portable simulation.

4.3 Knowledge application and clinical reasoning
Virtual reality simulations contributed to clinical reasoning
by replicating complex clinical scenarios within immersive
environments, enabling learners to practice procedural un-
derstanding and decision-making in realistic contexts.[6, 7]

Similarly, augmented reality simulations supported clinical
reasoning and communication through interactive, digitally
enhanced learning experiences.[83] However, portable in-
person simulation provided additional contextual and hands-
on elements that reinforced knowledge translation into real-
world settings.

4.4 Portability, accessibility, and context-specific appli-
cation

While stationary simulation laboratories provide structured
environments for deliberate practice, they are limited by
fixed location, specialized equipment, and dedicated person-
nel.[8, 13] Portable simulation approaches, including mobile
skills carts, hybrid systems, computer-based programs, VR,
and AR, extend training into clinical and educational settings,
increasing accessibility and contextual learning opportuni-
ties.

Comparative findings suggest that portable, flexible simula-
tion approaches can complement and surpass traditional lab-
oratory training in accessibility, practicality, and real-world
applicability. The ability to deliver training directly at the
point of care enhances transferability of learning and sup-
ports hospital-based implementation strategies.

In the past 17 years, there has been an increasing adoption
of portable simulation technologies in healthcare education,
particularly for training nursing and medical staff in complex
medical settings. The studies consistently demonstrated that
these technologies could enhance clinical skills, improve
participant engagement, and facilitate realistic, hands-on
learning experiences.

4.5 Synthesis of major findings
The comprehensive analysis of sixty-five studies emphasized
geographical diversity of research with contributions from
various countries. This variety highlights the global impor-
tance and feasibility of simulation-based education across
various systems, cultural, and healthcare perspectives. The
methodologies used varied from experimental to multicen-
tre randomized trials, providing a strong framework for un-
derstanding the effects of simulation training in healthcare
settings. Notably, all sixty-five studies incorporated sim-
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ulation approaches with some degree of portability, with
fifty-four employing fully portable modalities that enabled
deployment across diverse clinical and educational settings.
The remaining studies required minimal to substantial setup
due to equipment or infrastructure demands but retained
the capacity for on-site implementation. This high level of
portability supports flexible integration of simulation-based
training across healthcare contexts and expands access to
educational resources, particularly in low-resource or decen-
tralized settings.

The review highlights the effectiveness of a wide range of
portable simulation modalities, including mobile simulation
units/carts, VR, AR, computer-based platforms, mobile appli-
cations, game-based learning tools, hybrid simulation mod-
els, and both low- and high-fidelity portable simulators, in
improving technical skills, clinical reasoning, and overall
preparedness among healthcare staff in complex environ-
ments. Mobile simulation units and portable manikin-based
systems were frequently identified as valuable for delivering
realistic, hands-on training that supports skill acquisition and
reinforces procedural competency in clinical settings. VR
and AR technologies offer flexible, immersive, and scalable
learning environments that can be tailored to diverse sce-
narios, fostering critical thinking, emotional regulation, and
decision-making under pressure. Computer-based simula-
tions, mobile apps, and game-based interventions provide
accessible, repeatable learning opportunities that support
knowledge consolidation and safe practice of cognitive and
communication skills. Hybrid approaches integrating phys-
ical and digital elements further improved realism while
maintaining portability.

While simulation-based education has proven highly effec-
tive, traditional fixed simulation centres continue to face
significant structural and logistical barriers. Centralized fa-
cilities require considerable investment in space, equipment,
and faculty, which can restrict both capacity and accessi-
bility, especially where resources are limited or priorities
compete.[1] Clinicians and learners are often required to
attend simulation sessions at set times during their clinical
shifts, which can disrupt routine duties and require additional
staff coverage, leading to workflow challenges for depart-
ments.[86] Evidence from various settings shows that schedul-
ing conflicts, limited access to simulation spaces, and the
need to balance simulation with other clinical or educational
responsibilities can reduce participation, even when the value
of simulation is widely acknowledged.[87] These challenges
highlight the need for portable simulation models that bring
training closer to the point of care, minimize disruption, and
expand access for a broader range of participants.

4.6 Strengths
A major strength of this review is the comprehensive synthe-
sis of portable simulation modalities across diverse health-
care professions and international settings. The 65 included
studies demonstrate the broad applicability of portable simu-
lation and VR-based learning across multidisciplinary health-
care teams. The inclusion of multiple simulation modalities,
including VR, AR, mobile simulation, game-based learning,
computer-based programs, and hybrid approaches, provides
a broad overview of emerging educational technologies in
healthcare environments. Additionally, this review high-
lights the growing integration of portable simulation into
hospital-based continuing education and clinical learning
environments.

4.7 Limitations
Several limitations should be considered when interpreting
the findings of this review. Many included studies were
observational, descriptive, or quasi-experimental in nature,
limiting causal interpretation and generalizability. The pre-
dominance of non-randomized and small-sample studies,
combined with variability in simulation modalities and porta-
bility, limits the ability to determine causal effects on clinical
practice and patient outcomes.

Although fully portable simulations, including VR, AR,
computer-based, and game-based modalities, were well rep-
resented, some hybrid and VR simulations required signifi-
cant setup or equipment integration, which may limit practi-
cal implementation and scalability across healthcare settings.
Additionally, most studies focused primarily on learner-
level outcomes such as knowledge, skills, confidence, self-
efficacy, and satisfaction rather than patient-, organizational-,
or system-level outcomes. As a result, the impact of portable
simulation on clinical effectiveness, patient safety, and qual-
ity of care remains unclear.

4.8 Future Research
Future research should evaluate the long-term effects of
portable simulation on clinical practice and patient outcomes,
assess cost-effectiveness, address implementation challenges,
and explore the use of portable simulation technologies in
low-resource settings. More robust study designs with larger
participant groups, randomized methodologies, and power
calculations are needed to better understand the effectiveness
and sustainability of portable simulation-based education in
hospital settings.

5. CONCLUSION
This scoping review demonstrates that portable simulation-
based educational modalities—including VR and AR, mobile

Published by Association for Health Sciences and Education 61



https://jnepweb.org Journal of Nursing Education and Practice 2026, Vol. 16, No. 7

and portable simulation carts, game- and web-based plat-
forms, computer-based and virtual patient programs, hybrid
models, and low- and high-fidelity simulations— have been
associated with improved learners’ knowledge, confidence,
technical skills, clinical judgment, and clinical reasoning
across diverse hospital settings.

Different simulation modalities offered unique educational
strengths. VR and AR technologies supported critical think-
ing, situational awareness, and immersive learning experi-
ences, while portable and mobile simulation approaches en-
hanced hands-on procedural skills and contextualized learn-
ing. Web-, game-, and computer-based simulations provided
flexible and scalable opportunities for continuing profes-
sional education.

Overall, portable simulation technologies offer flexible and
accessible approaches to continuing education while support-
ing the integration of theory into clinical practice. Further
research is needed to evaluate long-term clinical, organiza-
tional, and patient-related outcomes.
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