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Effectiveness of virtual clinical learning G
in nursing education: a systematic review
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Abstract

Background With the development of technology in education, simulations, virtual and online technologies are
being incorporated into nursing education, especially for clinical education. This was especially necessary when an
event occurred that did not necessarily allow for face-to-face contact, such as Covid-19, disasters like typhoons and
others. However, limited resources for clinical education of nurses can contribute to the challenges of incorporating
and appropriately utilizing virtual clinical learning technologies. Nursing education has been driven by the use

of virtual learning technologies such as virtual reality, augmented reality, immersive virtual reality simulation,

mixed reality, among others, which are delivered using tablets, phones or computers to create a lived experience
for an intended learning outcome. This review aims to examine their effectiveness in terms of core professional
competencies, problem solving, nursing process and communication skills.

Methods This systematic review was conducted in accordance with the guidelines of the Preferred Reporting
Items for systematic reviews and Meta-Analysis. Experimental peer-reviewed articles (randomized controlled trials,
and quasi-experimental studies with one to two or more groups (pre-/post-test) using e-simulation technology for
nursing education and assessment were included. PubMed, Embase, PsycINFO and Web of Science were searched.
The search duration was from inception to 30th April 2024.

Results Virtual simulation technologies could be used for the practical teaching of nursing students. These
technologies have been shown to significantly improve problem-solving skills (effect size 0.2 to 0.9), communication
skills (effect size 0.4-0.7), and core professional competencies (effect size 0.3 to 0.9) with a small to large effect size.

Conclusion The results indicate that virtual simulation technologies have important benefits for students'learning
when integrated into clinical nursing education and practice. Educators should consider the use of virtual learning
technologies when revising nursing curricula. It is important that nursing education policy makers integrate the use
of virtual simulation into nurse education, and adapting this pedagogical approach could help improve student
readiness for effective healthcare delivery.

Keywords Virtual reality, Simulation, Online, Technology, Nursing education

*Correspondence:

Abdalkarem Fedgash Alsharari

afalsharari@ju.edu.sa

'Department of Medical Surgical Nursing, College of Nursing, Jouf
University, Sakaka 72388, Saudi Arabia

“Department of Psychiatric and Mental Health Nursing, College of
Nursing, Jouf University, Sakaka 72388, Saudi Arabia

3College of Nursing, University of Hail, Hail 81451, Saudi Arabia

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0002-8911-3356
http://orcid.org/0000-0001-8651-7323
https://orcid.org/0000-0003-3722-4457
http://crossmark.crossref.org/dialog/?doi=10.1186/s12912-025-03076-y&domain=pdf&date_stamp=2025-4-16

Alsharari et al. BMC Nursing (2025) 24:432

Introduction

It has been known for many decades that pandemics
affect people’s lives and their social and economic behav-
ior. Various influences have fostered changes in the mode
of delivery of educational content, to utilizing distance
and online content [1, 2]. It is interesting to note that
various other technologies such as books, pens, paper
and overhead projectors were used in nursing education
for centuries. Using computer-based tools it has become
possible to make learning fully online by using virtual
learning resources for teaching and assessment. The
move away from face-to-face learning has had an asym-
metric impact on different sectors, but professions that
require human contact, such as medicine and nursing,
have been the most affected [3]. Although nursing and
medical education have experienced an abrupt transition
without much time for preparation, the growing litera-
ture suggests that integrated virtual learning, including
clinical simulations, may be the new norm [4].

Although there is no universally accepted definition
of simulation-based education (SBE), Hawker and col-
leagues consider it to be the use of a tool that can sup-
port experiential learning by replicating or creating a
set of conditions that resemble a real-life situation [5].
It could create an environment that allows students to
learn, make mistakes and self-correct without jeopar-
dizing patients’ lives [5]. SBEs can enable individuals to
analyze and respond to realistic situations with the aim of
improving or developing their skills, knowledge, attitudes
or behavior [5]. This approach might promoted the phys-
ical, social and cognitive skills of trainee nurses and other
healthcare professionals [5]. A number of tools have been
developed and integrated into the nursing curriculum
to prepare students for the demands of nursing practice
through virtual clinical learning.

Virtual clinical learning, as we understand it, is a pro-
cess in which students interact with computer-based sce-
narios. Virtual simulation can be defined as “the use of
partial immersion in a digital learning environment” —
such as tablets, computers, or phones, — to create a lived
experience for an intended learning outcome [6].

Virtual clinical simulation could be an alternative
approach to deliver meaningful clinical learning experi-
ences that are closer to traditional clinical learning by
utilizing virtual learning technologies such as virtual
simulators and others to achieve the established curric-
ulum objectives. This could include the use of learning
modalities such as screen-based learning, where students
learn via the screen, or virtual reality, where they can
learn completely virtually or also use the real world (aug-
mented reality). Using these technologies was reported
to have impacted nurse education by enhancing students
understanding of theoretical knowledge, practical skills,
skills retention, alongside satisfaction levels [7].
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Although most of the literature on the use of virtual-
learning for teaching and assessment in nursing educa-
tion has emerged in the last two decades, simulation
technologies have been used in nursing education for
several decades [8]. Medical simulations involve realis-
tic virtual environments and mimic disease situations,
including changes in physiological parameters [9]. Evi-
dence has shown that virtual simulations (VS) in com-
bination with face-to-face teaching have enormous
potential to improve the learning experience [3]. Per-
forming virtual simulations using simulators could pro-
vide an objective assessment of technical nursing skills
by maintaining realism, pathology and active bleeding
conditions in a controlled laboratory environment [10].
Such practical patient simulations might offer the oppor-
tunity to practice skills without risk to live patients [11].
However, in the form of high-end virtual training (high-
fidelity simulators), VS can even induce anxiety in learn-
ers as the experience is comparable to real patients [12,
13]. It is therefore expected that a registered nurse should
be able to demonstrate these skills to an acceptable level
of competence for clinical practice [14]. In addition, these
technologies may provide a method for nurses to engage
in self-directed lifelong learning [15]. Therefore, virtual
e-learning could be a preferred method in the future.

The effectiveness of various high-end virtual technolo-
gies in improving learners’ clinical skills has been demon-
strated in the literature. A meta-analysis has shown that
augmented reality has proven to be the most effective
method for improving students’ spatial skills compared
to other virtual technologies [16]. In addition, teaching
with VR technologies reportedly improves test scores
with moderate effect sizes (SMD 0.53) compared to other
approaches [17]. It has also been reported that flipped
learning based on virtual reality has a positive effect on
the complex medical skills of doctors [18]. However, due
to the paucity of experimental data, it is difficult to reach
a consensus on the effectiveness and safety of virtual-
learning in nursing education aimed at QSEN [19].

A number of reviews have explored the use of virtual
technologies to examine the state of the art in computer-
based virtual nursing education [20, 21]; pedagogical
characteristics and student competencies [22, 23]; and
concept analysis of virtual simulations and their impact
on improving clinical reasoning [24], to identifying best
practices [25] and on the acquisition of specific skills,
attitudes and knowledge [26, 27]. However, none of the
aforementioned studies specifically examined the effec-
tiveness of virtual simulation technologies on communi-
cation, problem solving, professional core competencies
and the nursing process.

Virtual simulation technologies in nursing are the use
of technologies that enable nursing students to perform
nursing assessments, implement nursing interventions
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based on real clinical situations and use the results as a
basis for clinical decisions [28]. Simulation technologies
in communication are a process of using technology and
visualization tools to help students communicate using a
model [29]. Using these technologies, students can solve
problems and develop core professional skills [30, 31].

The Core Competencies for Nursing Education provide
a structured approach to preparing students for nursing
roles that takes into account the demands of both practi-
cal nursing experience and nursing education. There is a
need to explore how the virtual learning medium impacts
on students’ application of the nursing process, poten-
tially enhancing their core professional competencies.
Furthermore, the available reviews did not quantitatively
estimate the magnitude of effect to know the extent of
the impact of the interventions. Hence, the need for this
study.

The review

Objectives

This study examines the effectiveness of virtual simula-
tion technologies on the primary outcomes of communi-
cation and problem solving and the secondary outcomes
of core professional competencies and the nursing
process.

Methods

Design

This study was a systematic review conducted according
to the PRISMA guidelines (Preferred Reporting Items for
Systematic Review and Meta-analysis) [32].

Study eligibility criteria

Inclusion criteria

Study type: the study included original articles from
experimental research such as the randomized controlled
trials, and non-randomized controlled trials (e.g., quasi-
experimental studies with two or more groups (pre-/
post-test) published in the English from inception to
2024.The population included nursing students enrolled
at University/College. Interventions included e-materials
and virtual patients, blended e-learning, use of technol-
ogy and platforms, and training and preparation in a vir-
tual disease model.

Exclusion criteria

Individual case studies, case reports, review articles, con-
ference proceedings, qualitative studies, postgraduate
theses, or e-based studies with non-nursing participants
were excluded.
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Sources of information

Three electronic databases were searched (PubMed,
Embase, PsycINFO and Web of Science). The search
duration was from inception to 30th April 2024.

Search strategy

Key terms used for the data search included: nurs*, simu-
lation OR virtual reality OR computer simulation OR vir-
tual patient OR VISM* OR high-fidelity simulation OR
clinical reasoning OR clinical competence OR problem-
based learning AND problem solving, and combinations
thereof using the AND/OR Boolean operators. The data
were exported to the reference management software
Endnote for de-duplication.

Selection process

A database search was carried out and all articles were
exported to the Endnote reference manager to remove
any duplicates and then conduct screenings for eligibil-
ity. The screening of the title/abstract according to the
eligibility criteria (exclusive and inclusive list) was done
by two independent reviewers (DS & AFA). A third
reviewer (FA)was consulted to clarify any discrepancies
in the review and quality assessment.

Data collection process

The authors developed a spreadsheet for data extrac-
tion. The following information was extracted for the
included studies: Author(s) name, year of publication,
study design, sample size, participant characteristics (e.g.,
gender and age), and virtual interventions including dose
(i.e., frequency, duration, and course), its modes of deliv-
ery, and outcomes (results and their respective outcome
measures). These items were extracted by the second
author (DS), and the first (AFA). The third reviewer (FA)
was invited to resolve any disagreement between the first
and the second author.

Risk of bias in individual studies

This review included both RCTs and non-randomized
studies. Therefore, the PEDro scale is used to assess the
methodological quality of RCTs, as the instrument has
been shown to be valid and reliable [33]. It can provide
the reader with information about the internal validity
of the study, the quality of its statistical reporting and
its external validity [33]. To obtain the total score of the
PEDro scale, all items were summed, except for the eligi-
bility criteria; however, items 2—9 could be used to obtain
the scores of the subscales for internal validity. Similarly,
the sum of items 10 and 11 could give the score for the
Statistical Reporting subscale. The overall PEDro score
could reflect the methodological quality of the RCTs, and
a score of 0-3, 4-5, 6—8 and 9-10 could be translated as
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poor, fair, good and excellent quality, respectively [34,
35].

Summary measures and synthesis of the results

The Cochrane Handbook for Systematic Reviews was
used as a guide for data handling [36]. Outcome data
were extracted (mean and standard deviation) at base-
line, post-intervention, and possibly follow-up from all
eligible studies. Effect sizes were considered trivial (<0.1),
small (0.1-0.3), moderate (0.3-0.5), and large (>0.5)
respectively [37]. A random effects model was used to
examine the differences between the effects of the inter-
vention and control groups. This is possibly because dif-
ferent instruments could be used to measure the results
of individual studies. The pooled effects were examined
at T1 between the two study arms using Review Manager
5.3. Heterogeneity was reported using the I°. The I* was
used to quantifies different degrees of heterogeneity as
low (25%), moderate (50%), and high (75%) [38, 39]. In
accordance with the Cochrane Handbook for Systematic
Reviews of Intervention, an I? of 50% might be indica-
tive of serious level of heterogeneity [40]. The sources
of heterogeneity are investigated in the meta-analysis
if there are high values (i.e., sensitivity analysis) [41]. In
the absence of RCTs required for meta-analysis, we cal-
culated the mean changes in effects for the intervention
and control groups and the effect between groups using
the post data for the intervention and control groups,
respectively.
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Results

Study selection

As shown in Fig. 1, a total of 11,190 studies were iden-
tified from the Web of Science (n=651), PubMed
(n=8,591), Embase (n=1,725), PsycINFO (n=219), and
hand search (n=4). A total of 1,418 duplicate references
were identified and removed using the Endnote Refer-
ence Manager. After deduplication, a total of 9,772 refer-
ences were subjected to title screening. Records after title
and abstract screenings were 121. Records included after
full-text screening, a total of sixteen were found eligible
for inclusion. However, four studies were removed for
not having appropriate data. Thus, the review included
twelve primary studies.

Demographic characteristics

As shown in Table 1, a total of 12 studies were included.
The majority (n=9) were quasi-experimental studies
published between 2012 and 2024. Across all included
studies, participants were 928 nursing students of whom
430 were female. The overall mean age range was 19.0-
22.9 years.

The intervention types and dose

The documented intervention activities included sim-
ulation-based education with scenarios and a virtual
reality-based situated learning system (see Table 1). The
studies documented educational components for learn-
ing such as student self-discussion, instructor debriefing,

g PubMed Embase Web of Science PsycINFO Hand search
= (n=8,591) (n=1725) (n =651) (n=219) n=4)
= |
=
= |
B
2 l
—
- Records identified
g (n =11, 190)
g
o Duplicates removed by Mendeley and
3 manual (n = 1,418)
Records after duplicates removed
(n=9,772)
- Articles removed for not meeting the
= eligibility criteria after the title &
= abstract screening (n = 9,651)
&0 Records after title and abstract
= screening (n = 121) Articles removed for not meeting the
i criteria after full-text screening
_ (n= 105)

= Records included after full-text
= screening (n =16)
=
] [ Articles removed for poor quality (n =
= ! 0), and articles removed for not having

No. of studies included in the appropriate data (n = 4)

quantitative synthesis (n = 12)

Fig. 1 PRISMA flow chart
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an academic electronic medical record practicum, and a
computation-based problem-based learning activity.

The activities for the control groups in this study
included conventional preclinical practice orientation,
usual activities, conventional practicum, instructor
debriefing, observer role, self-directed learning, Trans-
formative Learning Theory, traditional clinical practicum
or instruction, adopted video-based learning, and con-
ventional problem-based learning activity. The duration
of the available simulation interventions was a minimum
of 50 min and a maximum of 3,600 min with a course of
2-days to 16 weeks with a weekly frequency and or 3-5
sessions for the entire program.

Quality ratings (Risk of Bias)

As shown in Table 2, the quality of included stud-
ies ranged from poor (n=4, 33.3%) to moderate (n=8,
66.7%). However, only two studies randomly allocated
their subjects to their respective groups. None of the
studies concealed their subject’s allocation or blinded the
participants, therapist and outcome assessors, respec-
tively. The rate of dropout was minimal as only three
studies reportedly had more than 15% rates. No study
was omitted as each provided relevant evidence.

Effects of virtual simulation on problem solving

As shown in Table 3, five studies investigated the effects
of virtual simulation on problem solving. The effects of
simulation on problem solving between groups had a
mean change ranging from 0.7 to 16.1 with an effect size
ranging from —0.2 to 0.9corresponding to a small to large
improvement [43, 52-55]. In addition, there was a mod-
erate effect for confidence in problem solving (0.4) and
approach/avoidance style (0.5) [50].

Effects of virtual simulation on communication

As shown in Table 3, five studies investigated the effects
of virtual simulation on communication. The simulation
led to an improvement in communication skills with
small to large changes with an effect size of 0.4—-0.7 [42,
43, 51]. There was also evidence of a small improvement
(0.2) in communication with patients or clear communi-
cation about the patient’s condition (0.1) [46], and a large
improvement (0.9) in communication with nurses and
other healthcare professionals [44].

Effects of virtual simulation on professional core
competencies

As shown in Table 3, the effects of virtual simulation on
core professional competencies were examined in four
studies. There was evidence of improvement in clinical
competencies with an effect size of 0.9 [42]; core nurs-
ing competencies 0.3; specialized nursing competen-
cies 0.5; general nursing competencies 0.3; and objective

Table 2 Quality ratings: risk of Bias within studies quality appraisal using PEDro scale

Sub Inter-

Total Internal

Intention Group PMVD

Dropout

Blinding of
assessor

Blinding of
therapist

blinding of

Similarity at
baseline

Randomized Concealed

allocation

Eligibility

Year

Author

preta-
tion

validity scale
(2)

(8)

Score
(10)

comparison

to treat

participant

allocation

Moderate

Yes

Yes

No Yes No No No Yes Yes
No

Kim [42] 2012 Yes No
No

Lee [43]
Choi [44]

Poor

Yes

Yes

Yes

Yes

No

No

No

No

No

2016

Moderate

Yes

Yes

No No No No No Yes Yes
No

No

No

2018

Poor

Yes

Yes

No No No No No Yes
No

No

No

2018

Kang &Yu [45]
Bate [46]
Kim [47]

Oh [48]

Poor

Yes

Yes

No

No

No

No

Yes

No

No

No

No

2019

Poor

Yes

Yes

No

Yes

No

No

No

No

No

No

2019

Moderate

Yes

Yes

No Yes No No No Yes No

No

No

2021

Moderate

Yes

No Yes No No No Yes No Yes
No

No

Yes

2021

Seo & Eom [49]

Chang [31]

Moderate

Yes

Yes

No No Yes Yes

No

No

No

No

2022

9

Moderate

Yes

Yes

No No No No No Yes Yes

Yes

No

Cengiz [50] 2023

10

1

Moderate

Yes

Yes No No No No No Yes Yes Yes
No

No

Point measures and variability data. Note: Each item was scored either Yes = 1 or No

No

2024
2024

Chang [51]
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Moderate

Yes
0.ltems 2-11 are summed for a PEDro total score. The sum of items 2-9 yields the internal validity subscale score, while the sum of items 10 and 11 yields the statistical reporting subscale score. The PEDro total score

Yes

Yes

No No No

Yes

No

No

Lin [30]

PMVD

excellent

poor, 4-5 Moderate, 6-8 good, and 9-10=

was rated 0-3
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structured clinical examination (OSCE) competencies 0.7
[31, 43]. The magnitude of the effect could be translated
as small-large.

Effects of virtual simulation on nursing process

One study investigated the effects of virtual simulation
on the nursing process. There was evidence of a moder-
ate (0.5) effect size for the overall nursing process [42, 47]
(Table 3).

Assessment

Three studies investigated the effects of virtual clinical
simulation on the assessment phase of the nursing pro-
cess. There was evidence of a small effect size of 0.1 for
assessment and a moderate effect size of 0.4 for physi-
cal examination and patient monitoring [47]. Physical
examination and documentation reportedly had a small
effect of 0.2 [44]; similarly, a moderate effect was found
for interviewing patients (0.6), a small effect for observ-
ing patients (0.2) and measuring patient data (0.2) [46]
(Table 3).

Nursing diagnoses

Three studies investigated the effects of virtual clinical
simulation on the nursing diagnosis phase of the nursing
process. To be specific, understanding the patient’s prob-
lems was reported to have a moderate effect of 0.4 [44].
There may be a small effect of 0.2 for the development
of nursing diagnoses [46, 47]. However, the diagnosis of
patients according to priority and the early recognition
of signs and symptoms of deteriorating health status of
patients had no effect [44, 46] (Table 3).

Planning

Two studies investigated the effects of virtual clinical
simulation on the planning phase of the nursing process.
Evidence-based care planning, health education plan-
ning and implementation, and shared decision making
each had a moderate effect size (0.4) [56, 57]. In contrast,
a small effect size was reported for intervention plan-
ning and rapid decision on patient care (0.1) and for pri-
oritization of patient care needs (0.2), respectively [46]
(Table 3).

Nursing intervention

Two studies investigated the effects of virtual clinical
simulation on the nursing intervention phase of the nurs-
ing process. The direct nursing intervention had a mod-
erate effect size of 0.5, while the patient education had a
large effect size of 0.8 [47]. In addition, the implementa-
tion of the planned care intervention achieved a small
effect of 0.2 [44, 47]; with a large effect size for nursing
intervention and documentation of 0.6 [47] (Table 3).
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Evaluation

A study investigated the effects of virtual clinical simu-
lation on the evaluation phase of the nursing process.
The evaluation of the outcome of nursing interventions
was reported to have a small magnitude of effect with an
effect size of 0.2 [44] (Table 3).

Discussion

As far as we are aware, this is the first study to com-
prehensively investigate the effectiveness of virtual
simulation technologies in promoting student nurses’
communication skills, problem solving, professional core
competencies and the nursing process. Utilizing simula-
tion technologies in teaching and practicum might help
students understand topics taught and problems by pro-
moting the understanding of concepts/problems. Specifi-
cally, problem solving, professional core competencies,
communication skills, and nursing interventions showed
small to large improvements.

There was evidence of a small magnitude of effect for
the overall nursing process. In particular, the physical
examination and documentation, the development of a
nursing diagnosis, the planning of an intervention and
the implementation of planned nursing measures showed
an improvement of small effect size. In the same fashion,
prompt decision making about the necessity for patient
care as well as the need for patient care itself and the
assessment of the nursing interventions performed had
a small effect size. On the other hand, physical examina-
tion and monitoring of patients, understanding patients’
problems, interviewing patients and measuring their
data, planning and delivering health education, direct
nursing intervention, and shared decision making and
evidence-based intervention planning by nurses had a
moderate effect size. Above all, the documentation of
nursing measures appears to have a large effect size.

Consistent with our findings where we achieved small
to large magnitude of effects for the different competen-
cies in nursing, previously published meta-analytic evi-
dence has shown that virtual simulation might promote
skills of nursing students and caring with a large mag-
nitude of effect SMD 0.93, 95% CI 0.69, 1.17 and SMD
1.40, 95% CI 0.23, 2.58, respectively [58]. Research has
shown that by using simulation technologies, students
can practice, make mistakes and then learn from them
after receiving feedback from their teachers; this could
also help students to repeat the exercises at will [58], To
buttress this fact, research has shown that there is no
variation between the traditional clinical hours compared
to half of the high fidelity hours, there appears to be no
statistically significant differences between them in terms
of skill performances between 6 and 24 months [56]. On
the contrary, in terms of skills performance, there was a
variation in terms of effects as high fidelity simulation
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Table 3 Between group effects

Effect size-between group

No. Author Year Group Variables TOM(SD) T1M(SD) MA(ES) T2M(SD) MA
(ES)
1 Kim [42] 2012 Exp (n=35) Communication skills 3.7(0.6) 43(0.5) 03(0.5)* NA NA
Cont (n=35) 3.9(0.6) 4.0(0.6)
Exp (n=35) Clinical competence 3.5(0.5) 42(04) 0.4(0.9* NA NA
Cont (n=35) 3.7(0.5) 3.8(0.5)
Exp (n=35) Nursing process 3.3(0.5) 4.0(0.6) 0.3(0.5) NA NA
Cont (n=35) 3.4(0.6) 3.7(0.5)
Exp (n=35) Direct nursing intervention 3.4(0.6) 3.9(0.7) 0.3(0.5) NA NA
Cont (n=35) 3.4(0.6) 3.6(0.6)
Exp (n=35) Education for patients 3.6(0.7) 43(0.5) 0.4(0.8)* NA NA
Cont (n=35) 3.9(0.6) 3.9(0.5)
Exp (n=35) Physical examination patient and monitoring 3.3(0.6) 40(0.8) 03(04)* NA NA
Cont (n=35) 3.5(0.6) 3.7(0.7)
2 Lee [43] 2016 Exp (n=23) Nursing core competencies (total) 197.0Q24.6) 256.5(32.3) 9.2(0.3)* NA NA
Cont (n=26) 229.0(41.4) 247.3(23.2)
Exp (n=23) Special nursing competency 21.3(3.6) 31.2(4.7) 250.5)*  NA NA
Cont (n=26) 26.3(6.4) 28.7(5.1)
Exp (n=23) Understanding humans and Communication 64.3(9.2) 796(10.1)  3.1(04)* NA NA
Cont (n=26) 70.0(14.6)  76.5(7.4)
Exp (n=23) General nursing competency 34.7(4.7) 46.4(6.4) 0.9(0.3) NA NA
Exp (n=23) Problem solving 157.7(16.2) 165.2(15.2) 4.8(-02) NA NA
3 Choi [44] 2018 Exp (n=28) Communication (Patients) 33(04) 0.1(0.2) NA NA
Cont (n=30) 3.2(0.5)
Exp (n=28) Physical assessment and documentation 2.8(0.5) 0.1(0.2) NA NA
Cont (n=30) 2.7 (0.6)
Exp (n=28) Implementation of planned nursing intervention 2.9(06) 0.1(0.2) NA NA
Cont (n=30) 2.8(0.5)
Exp (n=28) Understanding of patients’ nursing problem 34 (0.5) 0.2(0.4) NA NA
Cont (n=30) 3.2(04)
Exp (n=28) Outcome evaluation of nursing intervention 29(0.7) 0.1(0.2) NA NA
Cont (n=30) 2.8(0.5)
Exp (n=28) Planning of evidence-based nursing intervention 33(04) 0.2(0.4) NA NA
Cont (n=30) 3.1(0.7)
Exp (n=28) Setting of long and short nursing goal 3.1(0.5) 0.0(0.0) NA NA
Cont (n=30) 3104
Exp (n=28) Planning and implementation of health education 3.1(0.6) 0.0(0.0) NA NA
Cont (n=30) 3.1(06)
Exp (n=28) Communication (Nurses & other healthcare 28(04) 0.4(0.9) NA NA
providers)
Cont (n=30) 2.5(0.7)
Exp (n=28) Nursing diagnosis according to priority 3.3(04) 0.0(0.0) NA NA
Cont (n=30) 3.3(0.5)
Exp (n=28) Nursing intervention and documentation 32(0.5) 0.3(0.6) NA NA
Cont (n=30) 2.9(0.5)
4 Kang &Yu 2018 Exp (n=60) Problem solving process 113.7(12.3) 9.9(0.8)* NA NA
[45]
Cont (n=63) 103.8(13.1)
5 Bate [46] 2019 Exp (n=73) By interviewing patient 40(1.0) 0.4(0.6)* NA NA
Cont (n=73) 3.6(1.2)
Exp (n=73) By observing patient 4.2(0.8) 0.2(0.2) NA NA
Cont (n=73) 4.0(1.0)
Exp (n=73) Measuring patient data 4.2(0.8) 0(0.2) NA NA
Cont (n=73) 4.2(0.9)
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Table 3 (continued)

Effect size-between group

No. Author Year Group Variables TOM(SD) Ti1M(SD) MA(ES) T2M(SD) MA
(ES)
Exp (n=73) Understanding signs and symptoms for problem 4.3(0.8) 0(0) NA NA
identification
Cont (n=73) 43(0.8)
Exp (n=73) Developing a nursing diagnosis 4.2(0.8) 0.2(0.2) NA NA
Cont (n=73) 40(0.9)
Exp (n=73) Recognizing signs and symptoms early in the event 4.1(0.8) 0.0(0) NA NA

of deterioration in patient’s health condition.

Cont (n=73) 4.1(0.9)
Exp (n=73) Independent decision making 4.1(0.8) 0404 NA NA
Cont (n=73) 3.7(0.8)
Exp (n=73) Collaborative decision making 3.5(1.2) 0.5(0.4) NA NA
Cont (n=73) 3.0(1.1)
Exp (n=73) Prompt decision regarding patient’s care 3.9(0.9) 0.1(0.1) NA NA
Cont (n=73) 3.8(0.9)
Exp (n=73) Prioritize the needs for patient’s care 3.7(1.0) 02(-0.2) NA NA
Cont (n=73) 3.9(1.1)
Exp (n=73) Setting goals 3401.0 0(0) NA NA
Cont (n=73) 34(1.2)
Exp (n=73) Planning intervention 3.5(1.1) 0.1(-0.1)  NA NA
Cont (n=73) 36(1.1)
Exp (n=73) Implementing nursing actions 4.1(0.9) 0(0) NA NA
Cont (n=73) 4.1(0.7)
Exp (n=73) Communicating patient’s current conditions clearly 44(0.8) 0.1(0.1) NA NA
Cont (n=73) 4.3(0.9)

[§ Kim [47] 2019 Exp (n=34) Assessment 14.9(1.7) -0.2(-0.1)  NA NA
Cont (n=40) 15.1(1.8)
Exp (n=34) Diagnosis 7.6(00.8) 0.2(0.2) NA NA
Cont (n=40) 74(00.9)
Exp (n=34) Implementation 9.8(1.3) -0.3(-0.2)  NA NA
Cont (n=40) 10.1(1.4)
Exp (n=34) Evaluation 3.4(00.5) 0.0(0.0) NA NA
Cont (n=40) 3.4(006)

7 Oh [48] 2021 Exp (n=26) Problem solving process 976(16.9)  123.0(19.7) 11.6(0.7)* NA NA
Cont (n=30) 105.2(14.0) 111.4(13.2)
Cont (n=30) 5.9(0.5) 6.7(1.2)

8 Seo &Eom 2021 Exp (n=25) Problem-solving process 743(173)  106(-0.6) NA NA

(49]

Cont (n=20) 84.9(17.9)

9 Chang [31] 2023 Exp (n=21) OSCE competency 8.6(0.9) 0.6(0.7)* NA NA
Cont (n=21) 8.0(0.8)
Exp (n=21) Problem-solving 44(0.6) 1.122* NA NA
Cont (n=21) 3.3(0.4)

10 Cengiz[50] 2023 Exp(n=57) Problem solving (Confidence in problem solving) 31.5(9.8) 28.2(9.8) -3.8(04)* NA NA
Cont (n=55) 30.7(8.7) 32.0(94)
Exp (n=57) Problem solving (Approach-avoidance style) 458(14.2)  40.0(116) -55(0.5* NA NA
Cont (n=55) 43.8(124)  45.5(11.0)
Exp (n=57) Problem solving (personal control) 17.2(3.2) 16.1(3.2) -04(-0.1)  NA NA
Cont (n=55) 17.03.2) 16.5(3.9)
Exp (n=57) Problem solving inventory Total 94.5(24.1)  843(20.0) -9.8(-0.5* NA NA
Cont (n=55) 91.5(19.9) 94.1(18.7)

11 Chang & 2024 Exp (n=21) Communication 46(0.5) 0.5(0.7)* NA NA NA

Yang [51]
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Table 3 (continued)
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Effect size-between group

No. Author Year Group Variables TOM(SD) Ti1M(SD) MA(ES) T2M(SD) MA
(ES)
Cont (n=23) 4.1(0.8)
Exp (n=21) Complex problem solving 4.7(0.5) 0.2(0.3)* NA NA NA
Cont (n=23) 4.1(0.8)
12 Lin [30] 2024 Exp (n=63) Problem solving skills 40(1.0) 45(0.4) 0.7(09* NA NA
Cont (n=60) 3.8(1.1)

* = Statistically significant; Exp =Experimental group; Cont=Control group; NA=Not Available

resulted in a moderate [54] to large magnitude of effects
[57-59]. This is in line with our findings for specialized
nursing competencies (moderate effect) and clinical
competencies (large effect). These might result from the
fact that case studies were given to the students, which
might have given them the chance to engage in active
experimentation and reflective observation, which could
effectively facilitate learning and skill development and,
ultimately, improve problem-solving abilities. Therefore,
assigning task assignments should be dependent on the
goals the instructor has in mind for the class. In support
of this claim, Couto, Farhat, Geis, Olsen and Schvarts-
man [52] stated that a case study is better if the goal is
to impart knowledge; on the other hand, high fidel-
ity simulation may be the better choice if the goal is to
impart both technical and non-technical skills. The abil-
ity to collaborate is one of the skills that nursing students
may learn [53]. This is a process that calls for sharing,
respect, and possibly even collaboration [55]. Nonethe-
less, because of the intricate structure of the healthcare
system, students must be instructed in good communi-
cation with other co-professionals in the field as well as
their duties and obligations once becoming qualified as
nurses [58].

The studies showed small to large effects in improv-
ing problem-solving skills. Corroborating with simi-
lar studies, Kang and Yu [45] was able to achieved an
improvement In problem solving (t=4.32, p<.001).
Additionally, compared to standard care activities, there
was an increase in problem-solving scores after using
high-fidelity patient simulation [43]. Virtual simula-
tion technology can assist in problem-solving, accord-
ing to Chang, Jen and Yang [51], by enabling students to
engage in learning exercises and brainstorming sessions
that promote the development of problem-solving abili-
ties. This is possibly so because students’ involvement
in digital systems can enhance their capacity for cre-
ative thought [60]. Individuals’ inclinations and routines
for problem-solving and making decisions may have an
impact on their problem-solving processes [50]. In this
way, individuals receiving virtual simulation interven-
tions will be able to practice their problem-solving abili-
ties in a safe and realistic clinical setting, which may help

them adjust to a complex healthcare setting. However,
preparation and briefing exercises before the simulation
might boost participants’ confidence in their ability to
solve problems. Again, self-confidence in problem solv-
ing can improve learning efficiency, which in turn can
promote clinical performance [61]. Students’ confidence
in problem solving was enhanced when they learned new
information through pre-simulation preparation and
instruction [62]. Therefore, when students see a real-life
situation prior to clinical practice that is comparable to
the situation presented in the simulation, their confi-
dence in problem solving is enhanced [63].This could
further be enhanced using situated learning which is an
approach aids students in adjusting to challenging mate-
rial and can enhance their ability to solve problems and
learn [51]. Virtual technology adoption and integration
into our nursing education systems is therefore crucial.

There was evidence of small to large improvement in
student communication skills using virtual simulation
technologies. This is in line with the findings of a sys-
tematic review, which found that employing simulation
technology has the potential to enhance communication
skills and may have advantages outside of the simulation
facility (including the clinical settings) [64]. In particular,
there was a large improvement in communication with
nurses and other healthcare professionals in this study.
Likewise research has also demonstrated that using
simulation-based communication skills, healthcare pro-
fessionals, including nurses, may develop their communi-
cation abilities [65]. It's common knowledge that effective
communication is vital to providing patients with the
greatest outcomes possible. Therefore, the most crucial
aspect of providing healthcare may be communication,
and this study found that having clear and open lines
of communication with patients regarding their condi-
tions reportedly had small magnitude of effect. There-
fore, incorporating simulation technologies in training
programs is important to foster student’s communica-
tion abilities. Using simulation and tools/algorithms,
which are currently employed in nursing education, can
improve patient care and decrease unfavourable patient
outcomes.
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With the exception of the evaluation, which was
reported to have a small effect size, the effects of all other
phases of the nursing process are in the range of small
to medium effect sizes. In the nursing process, the most
important mechanism that helps is decision making [66].
Studies have shown that an educational program based
on simulations of the nursing process can improve stu-
dents’ skills and provide a basic understanding of how the
nursing process works. In addition, it is recommended
that nursing students use interactive simulation-based
learning experiences to improve their understanding of
how theoretical ideas can be translated into reality [67].
It was also submitted that simulation-based nursing pro-
cess might promote students professional competen-
cies and or skills [47]. Therefore, computers, cellphones,
and other technologies must be integrated with simula-
tion and conventional teaching strategies for effective
outcomes.

The use of simulation technologies can be associated
with some negative effects, such as being overwhelmed
by the technology, motion sickness in VR or traumatizing
experiences among others. It is important to recognize
that there were large differences between the included
studies in terms of the different intervention types and
comparison groups, different designs, different outcome
measures and the dose (frequency, course and duration)
of the intervention. All of this together could be respon-
sible for the variations in the present results.

Limitations

This review included both RCTs and quasi-experimental
studies with the latter offering lower quality evidence.
The presented data did not allow a meta-analysis and the
level of evidence may have produced bias in the results;
hence, there is a need for high quality RCTs that could
be used to confirm the effects of virtual simulation inter-
ventions. Regarding our conclusions on the influence of
virtual simulation technologies on outcomes, heteroge-
neity in simulation types (different methodological didac-
tic approaches), and distinct outcome measures also raise
concerns about our findings. A process called simulation
tries to mimic reality, even if it is not real. The fidelity of
the simulator, the description of the scenario, and the
environment all affect how realistic it is. Even with the
most recent advancements in simulation models, human
systems will never be perfectly replicated. So, when prac-
ticing virtual scenes on real-life scenarios, caution should
be used.

The use of VR scenarios is a valuable, innovative sup-
plementary teaching medium. However, it requires inten-
sive preparation, support and evaluation. Since nursing
is a relational profession, there seems to be no technol-
ogy that can realistically replicate communication skills
and haptics. Thus, more rigorous studies are needed to
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determine whether virtual experience can fully replace
real-world clinical experience. However, the lack of rig-
orous long-term studies allows only limited conclusions
to be drawn about how well this learning can be trans-
ferred to practice. Again, the inclusion of papers pub-
lished solely in the English language may have limited the
selection of research papers and compromised the gener-
alizability of the results. Lastly, the different intervention
components equally affected our confidence in the con-
clusion drawn from this review finding.

Implication for nursing & health policy

The use of virtual simulation technologies for students’
clinical learning is valuable in the educational curricu-
lum. To ensure effective integration of these technologies
that might enhance students’ competency in the delivery
of patient-centered care in various healthcare settings;
policy makers and nursing educators could consider
integrating online simulations or teaching students’ pro-
cedures online prior to real clinical scenarios to enhance
their competencies.

Conclusion

Virtual simulations can improve the problem-solving
process, communication skills, professional core compe-
tencies and nursing process skills. Therefore, to optimize
the development of learning processes, nurse educators
should consider the use of virtual learning technologies
when revising curricula. Our overall confidence in the
conclusions of this study is limited by the studies’ qual-
ity and validity; a lack of high-quality RCTs and the het-
erogeneity of simulation types compromised our overall
confidence. The results should be treated with caution.
Finally, in order to increase the learning effectiveness of
innovative virtual clinical learning modalities, the quali-
fication of teachers/instructors must also be taken into
account, as it is an important component alongside the
pedagogical integration of technological possibilities.
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