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Introduction

The coronavirus disease 2019 pandemic (COVID-19) has
led to increased opportunities for the development of vir-
tual technologies in nursing education. With the unpre-
dictable nature of the pandemic, continued public health
mitigations such as safe distancing measures and avoid-
ance of large group classes have necessitated the transition
to more integrated, blended learning approaches in nursing
education (Haslam, 2021). Some educators have swiftly
incorporated virtual simulation into nursing curricula to
complement face-to-face teaching, while others turned to
virtual simulation to supplement access to limited clinical
placements, particularly in specialist areas such as men-
tal health, pediatrics, and maternal health (Verkuyl et al.,
2021).

Despite the increased adoption, understanding of the
definition of virtual simulation among educators and re-
searchers has remained unclear (Foronda et al., 2020). This
paper adopts the definition of virtual simulation from the
Healthcare Simulation Dictionary published by the Agency
for Healthcare Research Quality (AHRQ), which refers to
the recreation of reality portrayed on computer screens, in-
volving real people operating simulated systems and play-
ing key roles in performing skills, engaging in decision-
making or communicating (Lioce, 2020). Virtual simula-
tion can take the form of serious games, virtual reality, or
partial or complete immersive screen-based experiences,
with or without the use of headsets. It can be an effec-
tive pedagogy in nursing education to improve acquisition
of knowledge, skills, critical thinking, self-confidence, and
learner satisfaction (Foronda et al., 2020).

A unique function of virtual simulation is the develop-
ment of clinical reasoning. Levett-Jones et al. (2010) con-
ceptualized clinical reasoning as a process by which one
gathers cues, processes the information, identifies the prob-
lem, plans and performs actions, evaluates outcomes, and
reflects on and learns from the process. This cognitive and
meta-cognitive process of synthesizing knowledge and pa-
tient data in relation to specific clinical situations is vital
for nurses to respond to clinical changes and make de-
cisions on care management (Clemett & Raleigh, 2021;
Victor-Chmil, 2013). It is also important to enhance nurs-
ing students’ and nurses’ clinical reasoning skills to en-
able them to provide quality and safe patient care by
making accurate inferences and evidence-based decisions
(Mohammadi-Shahboulaghi et al., 2021).

Virtual simulation uses clinical scenarios for deliber-
ate practice, a highly customizable, repetitive and struc-
tured activity with explicit learning objectives, to en-
hance learners’ performance in clinical decision-making
skills in identifying patient problems and in care man-
agement that emphasizes decision-making with conse-
quences (Ericsson et al., 1993; LaManna et al., 2019;
Levett-Jones et al., 2019). The scenarios can be ad-

justed in complexity to allow for repetition and deliberate
practice in a safe and controlled environment (Borg Sapi-
ano et al., 2018). These scenarios provide feedback with
associated expert practice and rationales that can support
the development of clinical reasoning (Posel et al., 2015).
The features of virtual simulation correspond with best
practice guidelines for healthcare simulation (Motola et al.,
2013) and the theoretical framework of experiential learn-
ing (Shin et al., 2019). As in other simulation methods,
virtual simulation allows learners to be actively engaged
in an experience and reflect on those experiences through
feedback and assessment methods. These experiences are
conceptualized and stored in learners’ existing cognitive
frameworks to be utilized in real-world clinical practice
(Kolb, 1984).

Prior reviews have supported the use of virtual
simulation in the context of nursing education but
are limited to mainly narrative synthesis and a fo-
cus on general learning outcomes (Coyne et al., 2021;
Foronda et al., 2020; Shin et al., 2019). Only one
review examined the effect of virtual simulation for
teaching diagnostic reasoning to healthcare providers
(Duff et al, 2016). However, that review employed
a scoping review methodology and the acknowledged
limitation of only 12 studies written between 2008
and 2015 (Duff et al, 2016). Although the use
of virtual simulation has increased in nursing edu-
cation, evaluation of its impact on the development
of clinical reasoning skills has not yet been carried
out. This could be due to the variety of approaches, in-
cluding multiple-choice questions, script concordance, and
clinical performance assessment, that were used as a proxy
to evaluate the outcome measure of clinical reasoning
(Clemett & Raleigh, 2021). Thampy et al. (2019) recom-
mended targeting the higher level of Miller’s pyramid of
clinical competence to assess clinical reasoning. This pyra-
mid has four levels of competency hierarchy: knowledge
(tested by written assessment), applied knowledge (tested
by problem-solving exercises such as case scenarios and
written assignments), skills demonstration (through simu-
lation and clinical exams), and practice (through observa-
tions in real clinical settings) (Witheridge et al., 2019).
Currently, there is limited understanding of how virtual
simulations can be designed to optimize the development
of clinical reasoning. In view of the abovementioned re-
search gaps, this review aimed to evaluate the effectiveness
of virtual simulations and their associated design features
for developing clinical reasoning among nurses and nursing
students. The review was guided by the following research
questions:

1. What is the effectiveness of virtual simulation on clin-
ical reasoning in nursing education?

2. What are the essential features in designing virtual sim-
ulation that improves clinical reasoning in nursing?
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Methods

This systematic review and meta-analysis were reported
according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) checklist (see Ap-
pendix 1) (Liberati et al., 2009) and the Cochrane Hand-
book for Systematic Reviews (Higgins, Thomas, et al.,
2020).

Eligibility Criteria

Inclusion criteria were as follows: (a) pre or postregis-
tration nursing education, (b) randomized controlled trial
(RCT) with a comparison group, (c) study intervention us-
ing virtual simulation that incorporated experiential learn-
ing approaches, (d) at least one outcome assessing clinical
reasoning at Miller’s pyramid level two and above. Knowl-
edge assessed at level one of Miller’s pyramid (“knows”
the facts) was excluded. A detailed description of the in-
clusion and exclusion criteria is presented in Appendix 2.

Search Strategy

Two systematic review databases, PubMed Clinical
Queries and the Cochrane Database of Systematic
Reviews, were searched to prevent duplication. This
was followed by a three-step search strategy that
was developed with a librarian and based on the
Cochrane Handbook  for Systematic Reviews
(Lefebvre et al., 2020). First, a search was conducted
from inception to 10 January 2021 using keywords and
index terms on seven bibliographic databases: PubMed,
Scopus, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), Cumulative Index to Nursing and
Allied Health (CINAHL), PsycINFO and ProQuest (see
Appendix 3). These databases were selected as they are
major scientific databases for healthcare-related papers.
Second, clinical trial registries including ClinicalTrials.gov
and CenterWatch were searched for ongoing and un-
published trials. Lastly, grey literature, targeted journals,
and reference lists were searched to optimize relevant
articles.

Study Selection

The PRISMA framework involving four-stages (identifica-
tion, screening, eligibility, and inclusion) was adopted for
study selection. The management software EndNote X9
(Clarivate Analytics, 2020) was used to import the record
and remove duplicates. Next, two independent reviewers
(JJMS and KDBR) screened titles and abstracts to select
full-text articles for eligibility based on the inclusion and
exclusion criteria. Subsequently, both reviewers compared
findings, and any disagreements were resolved through dis-
cussion or consultation with a third reviewer (SYL). Rea-

sons for trials exclusion are indicated in the PRISMA flow
diagram (see Figure 1).

Data Extraction

A modified Cochrane data extraction form (Li, Higgins,
& Deeks, 2020) was used by the two independent re-
viewers (JJMS and KDBR) for data extraction. Items
extracted from eligible studies included author(s), year,
country, design, participants, sample size, intervention,
comparator, outcomes, intention to treat (ITT), attrition
rates, protocol, and trial registration. The specific compo-
nents of virtual simulation included intervention regime
(number/length of sessions, duration), learning content,
feedback (postscenario/scenario-embedded), and immer-
sion (nonimmersive/immersive). Authors were contacted
for missing relevant data. A third reviewer (SYL) reviewed
and confirmed the extracted data.

Quality Assessment

The Cochrane Collaboration’s tool (version 1) was utilized
by two independent reviewers (JJMS and KDBR) to assess
risk of bias of individual studies (Minozzi et al., 2020).
The presence of five biases, including selection, perfor-
mance, detection, attrition, and reporting biases, was ex-
amined through (a) random sequence generation, (b) al-
location concealment, (c) blinding of participants and per-
sonnel, (d) blinding of outcome assessment, () incomplete
outcome data and (f) selective reporting. These six domains
were each appraised as low, unclear, or high risk depend-
ing on the information provided. In addition, attrition rate,
missing data management, ITT, trial and protocol registra-
tion, and funding were examined to ensure robustness of
trials.

Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) was used to assess the
overall strength of evidence (GRADEpro, 2020). An over-
all grade of “high,” “moderate,” “low,” or “very low” was
given depending on the five domains (methodological limi-
tations, inconsistency, indirectness, imprecise, on and pub-
lication bias) (Schiinemann, Brozek, Guyatt, & Oxman,
2013).

Data Synthesis and Statistical Analyses

Review Manager (RevMan) (version 5.4.1) (The Cochrane
Collaboration, 2020) was utilized to analyze outcomes of
meta-analyses. A random-effects model was used because
it accounts for the statistical assumption of variation
in the estimation of mean scores across all selected
trials (Deeks, Higgins, & Altman, 2020). Z-statistics
at the significance level of p < .05 was adopted to
evaluate the overall effect. Standardized mean differ-
ence (SMD) or Cohen’s d was used to express effect
size and its magnitude of continuous outcomes, where
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Figure 1  Preferred reporting items for systematic review and meta-analyses (PRISMA) flow diagram.

d(0.01) = very small, d(0.2) = small, d(0.5) = medium, quantify the degree of heterogeneity, where I* was cate-
d(0.8) = large, d(1.2) = very large, and d(2.0) = huge gorized as unimportant (0%-40%), moderate (30%-60%),
(Sawilowsky, 2009). Cochran’s Q (x?* test) was utilized substantial (50%-90%), and considerable (75%-100%)
to evaluate statistical heterogeneity, with statistical signif- (Chaimani et al., 2020). Sensitivity analyses were utilized
icance of x* set at p < .10. I* statistics was adopted to to remove heterogeneous trials to ensure homogeneity
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(Deeks, Higgins, & Altman, 2020). Subgroup analyses
were conducted to determine sources of heterogeneity
and compare the intervention effects among interven-
tion features (Higgins, Savovi¢, Page, Elbers, & Sterne,
2020). Predefined subgroups included learning content,

duration, feedback, immersion, and number of scenarios
(Deeks, Higgins, & Altman, 2020).

Meta-regression was performed using Jamovi (version
1.6) (The Jamovi Project, 2021) to examine whether
heterogeneity among trials was attributed to covariates

Table 1 Characteristics of 12 Included Randomized Controlled Trials (RCTS)

Author Study  Participants/ Sample Intervention Comparator Outcomes p- Attrition ITT/MDM Protocol/
(Year)  Design/ Age: (Mean £+ Size (I) (©) (Measures) value  Rate Registration/
Country SD/Range) (%) Funding
Bayram 2-arm  Undergraduate I: 43  Virtual Game’ NonDigital -Applied .568 I No/Yes No/No/Yes
& RCT/ Nursing C: 43 (Single scenario in Education  Knowledge .017 13.5%
Caliskan Turkey  Students (1st T: 86  immersive virtual (Classroom- (Self- C:13.5%
(2019) Year) / environment related ~ Based Developed
I: NM to tracheostomy Teaching)  MCQ)
C: NM clinical procedural -Skills
Overall®: skills, followed by Demonstra-
18.97 £ 1.00 postscenario tion
feedback) (Self-
LD: 10 minutes Developed
Performance
Tool)
Blanié 2-arm  Undergraduate I: 73  Virtual Game’ NonDigital -Applied 43 1: 0%  NA/NA No/Yes/No
et al. RCT/ Nursing C: 73 (Multiple scenarios in Education  Knowledge C: 0%
(2020) France  Students T: 146 nonimmersive virtual (Classroom- (SCTs)
(Final Year) / environment related ~ Based
I: 24.0 £ 6.40 to postoperative Teaching)
C: 25.0 + complications
6.50 management, followed
Overall®: 24.5 by postscenario
+ NM feedback)
LD: 120 minutes
Cobbett 2-arm  Undergraduate I:27  vSim™ NonDigital -Applied 31 1:1.8% No/Yes No/No/Yes
& Clarke RCT/ Nursing C: 28  (Single scenario in Education  Knowledge C: 0%
(2016) Canada Students T: 55  nonimmersive virtual  (PS) (Self-
(Final Year) / environment related Developed
I: NM to maternal-newborn MCQ)
C: NM complications
Overall®: 25.0 management, followed
+ NM by postscenario
feedback)
LD: 45 minutes
Guetal. 2-arm  Undergraduate I: 13  vSim™ NonDigital -Applied .032* 1:3.6% No/Yes No/No/No
(2017) RCT/ Nursing C: 14  (Multiple scenarios in Education  Knowledge C: 0%
China  Students T: 27  nonimmersive virtual (Lecture)  (Self-
(2nd Year) / environment related Developed
1: 19.0 £+ 0.58 to fundamentals of MCQ)
C: 19.29 + nursing clinical
0.73 procedural skills,
Overall®: followed by
19.15 £ NM postscenario
feedback)

LD: 29 minutes

(continued on next page)
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Table 1 (continued)

Author Study  Participants/ Sample Intervention Comparator Outcomes p- Attrition ITT/MDM Protocol/
(Year)  Design/ Age: (Mean £ Size (I) (©) (Measures) value  Rate Registration/
Country SD/Range) (%) Funding
Li 2-Arm  Undergraduate I: 22 vSim™ NonDigital -Applied 418  1:5.8% No/Yes No/No/No
(2016) RCT/ Nursing C: 27  (Multiple scenarios in Education  Knowledge C: 0%
United  Students T: 49  nonimmersive virtual  (PS) (HSRT)
States  (Final Year) / environment related
I: 25.68 + to management of
6.80 acute and chronic
C: 25.63 + diseases, followed by
4.13 postscenario
Overall®: feedback)
26.65 = NM LD: 150 minutes
LeFlore 2-Arm  Undergraduate I: 46  Virtual NonDigital -Applied .004*  I: 0% NA/NA No/No/No
et al. RCT/ Nursing C: 47  Patient Trainer (Unreal Education  Knowledge C: 0%
(2012) United Students T: 93 Engine 3)° (Lecture)  (Self-
States  (Final Year) / (Multiple scenarios in Developed
I: NM immersive virtual MCQ)
C: NM environment related
Overall®: 25.7 to paediatric
+ NM respiratory issues
management, followed
by scenario-embedded
feedback)
LD: 180 minutes
Liaw 2-Arm  Undergraduate I: 31  e-RAPIDS NonDigital -Skills .94 I: 0% No/Yes  No/No/Yes
et al. RCT/ Nursing C: 26 (Multiple scenarios in Education  Demonstra- C: 6.6%
(2014) SingaporeStudents T: 57  nonimmersive virtual  (PS) tion
(Final Year) / environment related (RAPIDS-Tool)
I: NM to clinical
C: NM deterioration
Overall®: management, followed
21.86 + 1.13 by postscenario
feedback)
LD: 120 minutes
Liaw 2-Arm  Registered I: 35  e-RAPIDS No Inter-  -Skills <.001* I:0% No/Yes  No/No/Yes
et al. RCT/ Nurses/ C: 32 (Multiple scenarios in vention Demonstra- C: 4.3%
(2015  Singaporel: NM T: 67 nonimmersive virtual Control tion
a) C: NM environment related  Group (RAPIDS-Tool)
Overall?: to clinical
25.58 + 3.19 deterioration
management, followed
by postscenario
feedback)
LD: 180 minutes
Liaw 2-Arm  Registered I: 35  e-RAPIDS No Inter-  -Applied <.001* I: 0% No/Yes  No/No/Yes
etal.  RCT/ Nurses/ C: 32 (Multiple scenarios in vention Knowledge <.001* C: 4.3%
(2015  Singaporel: 26.17 £ T: 67 nonimmersive virtual Control (Self-
b) 3.17 environment related  Group Developed
C: 24.94 + to clinical MCQ)
3.14 deterioration -Skills
Overall®: 25.6 management, followed Demonstra-
+ NM by postscenario tion
feedback) (Modified

LD: 180 minutes

RAPIDS-Tool)

(continued on next page)
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Table 1 (continued)

Author Study  Participants/ Sample Intervention Comparator Outcomes p- Attrition ITT/MDM Protocol/
(Year)  Design/ Age: (Mean &+ Size (I) (C) (Measures) value  Rate Registration/
Country SD/Range) (%) Funding
Liaw 2-Arm  Enrolled I: 32 e-RAPIDS No Inter-  -Applied .01* I: 3.0% No/Yes No/No/Yes
et al. RCT/ Nurses/ C: 32 (Multiple scenarios in vention Knowledge .001*  C: 1.5%
(2017) Singaporel: 28.16 + T: 64  nonimmersive virtual Control (Self-
4.00 environment related  Group Developed
C: 27.06 + to clinical McQ)
4.30 deterioration -Skills
Overall®: management, followed Demonstra-
27.61 + 4.16 by postscenario tion
feedback) (Modified
LD: 150 to 180 RAPIDS-Tool)
minutes
Padilha 2-Arm  Postgraduate I:21  Clinical NonDigital -Applied .001* I No/Yes No/No/Yes
et al. RCT/ Nursing C: 21 Virtual Simulator Education  Knowledge 12.5%
(2019) Porto,  Students T: 42 (Body (PS) (Self- C:
Portugal (Final Year) / Interact) Developed 12.5%
1: 19.29 £ (Single scenario in True/False
0.46 nonimmersive virtual Questions
C: 20.29 + environment related And MCQ)
2.19 to management of
Overall®: respiratory issues,
19.99 + 1.99 followed by
postscenario
feedback)
LD: 45 minutes
Tan 2-Arm  Undergraduate I:57  Virtual Wait-List ~ -Applied <.001* I: 4.5% No/No No/No/No
et al. RCT/ Nursing C: 46  Game (3DHive)® Control Knowledge 11 C: 2.7%
(2017) SingaporeStudents T: 103 (Single scenario in Group (Self-
(Second Year) immersive virtual Developed
/ environment related MCQ)
I: 21.14 £ to blood transfusion -Skills
2.08 and post -transfusion Demonstra-
C: 20.72 + reaction management, tion
0.96 followed by (Self-
Overall®: scenario-embedded Developed
20.59 = NM feedback) Performance
LD: 30 minutes Tool)

a = total mean age of participants; C = comparator; CCTDI = California critical thinking disposition inventory; HSRT = health science reasoning test;
I = intervention group; L = length of each intervention session; LD = learning duration; LEP = learning environment preferences; MCQ = multiple-choice
questions; NA = not applicable; NM = not mentioned; NOS = number of intervention sessions; 0D = overall duration of intervention; PS = physical
simulation; RAPIDS = Rescuing a patient in deteriorating situations; SCTs = script concordance tests; T = total number of participants included in meta-

analysis;
*p <.05;

 name of virtual simulation system not specified

(Deeks, Higgins, & Altman, 2020). The random-effects
meta-regression model was utilized to determine if the year
of publication, age of participants, sample size, learning
content, number of scenarios, type of feedback, and immer-
sive experience influenced the effect size of applied knowl-
edge in virtual simulation. Random-effects meta-regression
analysis at the significance level of p < .05 was adopted.

Results
Study Selection

As shown in Figure 1, the study selection process con-
ducted following the PRISMA guidelines (Liberati et al.,

pp 26-39 e (linical Simulation in Nursing ® Volume 69



Clinical Simulation in Nursing

33

Virtual Simulation Comparator Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bayram & Caliskan (2019) 18.5 2.9 43 17.25 4.45 43 10.5% 0.33 [-0.10, 0.76] T
Blanié et al. (2020) 59.5 0.9 73 57.8 1 73  10.6% 1.78 [1.39, 2.16] =
Cobbett & Clarke (2016) 6.4 1.73 27 6.82 1.25 28 10.0% -0.28[-0.81, 0.26] =
Guetal. (2017) 73.31 9.27 13 65.36 8.93 14 8.7% 0.85 [0.05, 1.64] —
LeFlore etal. (2012) 83.9 15 46 75 12 47 10.5% 0.65 [0.23, 1.07] —_—
Li (2016) 19.68 4.4 22 18.63 4.54 27 9.9% 0.23 [-0.33, 0.80] — =
Liaw et al. (2015b) 21.29 3.43 35 18.28 3.46 32 10.1% 0.86 [0.36, 1.37] —_—
Liaw et al. (2017) 18.66 3.82 32 16.5 3.74 32 10.1% 0.56 [0.06, 1.06] — =
Padilha et al. (2019) 12.47 1.57 21 10.51 1.89 21 9.4% 1.11 [0.45, 1.76] _——
Tanetal. (2017) 16.46 1.86 57 11.76 2.26 46 10.1% 2.28 [1.78, 2.78] =
Total (95% CI) 369 363 100.0% 0.84 [0.36, 1.33] -
Heterogeneity: Tau? = 0.54; Chi? = 83.57, df = 9 (P < 0.00001); I> = 89% _52 —=1 3 i t

Test for overall effect: Z = 3.39 (P = 0.0007)

Figure 2

2009) identified a total of 11,105 papers retrieved from
seven databases including additional records, and removed
4,957 duplicate records using EndNoteX9 software. After
6,109 records based on titles and abstracts were excluded,
the remaining 39 full-text articles were assessed for eligi-
bility. Twelve RCTs met the criteria for this review.

Study Characteristics

Table 1 summarizes the characteristics of 12 RCTs. In to-
tal, there were 856 participants in the included studies, with
a mean age of 18.97 (Bayram & Caliskan, 2019) to 27.61
years (Liaw et al., 2017). They represented seven coun-
tries, namely Canada (n = 1) (Cobbett & Clarke, 2016),
China (n = 1) (Gu et al., 2017), France (n = 1) (Blanié
et al., 2020), Portugal (n = 1) (Padilha et al., 2019), Sin-
gapore (n = 5) (Liaw et al., 2014; Liaw, Wong, Ang,
et al., 2015; Liaw, Wong, Chan, et al., 2015; Liaw et al.,
2017; Tan et al., 2017), Turkey (n = 1) (Bayram &
Caliskan, 2019) and the United States (n = 2) (C. Li, 2016;
LeFlore et al., 2012). The target population for all the
RCTs was nursing students (n = 10), with most being final
year students (n = 6), except for three (Liaw, Wong, Ang,
et al., 2015a; Liaw, Wong, Chan, et al., 2015b; Liaw et al.,
2017) that included nurses.

Details of Virtual Simulation

The types of virtual simulations included in the papers in-
cluded vSim™ (n = 3) (Cobbett & Clarke, 2016; Gu et al.,
2017; Li, 2016), e-RAPIDS (n = 4) (Liaw et al., 2014;
Liaw, Wong, Ang, et al., 2015; Liaw, Wong, Chan, et al.,
2015; Liaw et al., 2017) and Clinical Virtual Simula-
tor (Body Interact) (n = 1) (Padilha et al., 2019). Four
of the RCTs had no specific name for the simulation.
All of the reviews involved learning topics related to
patient care management focused on acute care, except
for Bayram and Caliskan (2019) and Gu et al. (2017),
which focused on clinical procedural skills including tra-
cheostomy care, medication administration and urinary

t
2
Comparator Virtual Simulation

Forest plot of standardized mean difference (95% CI) on applied knowledge scores (post intervention) in VS.

catheterisation. The virtual environments were either im-
mersive using three-dimensional (3D; n = 3) or nonimmer-
sive using two-dimensional (2D; n = 9) modalities. All in-
volved one scenario, except for Cobbett and Clarke (2016),
which involved two; Li (2016), which involved five; and
Bayram and Caliskan (2019) and Gu et al. (2017), which
were user-determined. Only two studies used scenario-
embedded feedback (LeFlore et al., 2012; Tan et al.,
2017), with the others (n = 10) utilising postscenario
feedback. Learning duration ranged from 10 (Bayram &
Caliskan, 2019) to 180 (Liaw, Wong, Ang, et al., 2015)
minutes.

Risk of Bias Assessment

All studies were appraised high risk, except
Tan et al. (2017) and Liaw et al. (2017), where the
risk of bias was rated as unclear (see Appendix 4).
Predominant risk of bias was observed in the following
domains: unclear risk of reporting bias (100%) due to lack
of trial registration and ITT analysis for transparency, high
risk of performance bias (58.3%) due to nature of virtual
simulation, and high risk or unclear risk of selection
bias for allocation concealment due to lack of apparent
evidence (58.3%). Attrition bias was significantly low
as only two studies had an attrition rate exceeding 20%
(Bayram & Caliskan, 2019; Padilha et al., 2019), which
raises threats to validity.

Applied Knowledge Outcomes

Figure 2 presents the pooled meta-analysis results from
ten RCTs that measured knowledge scores between
virtual simulation and comparator groups. A total of
732 participants were included in the analysis, which
yielded a significant increase in knowledge scores in
virtual simulation (Z = 3.39, p < .001), with large effect
size (d = 0.84). Given that substantial heterogeneity
(P = 89%, p < .001) was detected, sensitivity test and
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Virtual Simulation Comparator Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Bayram & Caliskan (2019) 53.25 3.33 43 52.75 3.26 43 17.7% 0.15 [-0.27, 0.57] ™
Liaw et al. (2014) 36.65 5.59 31 33.27 7.5 26 17.4% 0.51[-0.02, 1.04] l
Liaw et al. (2015a) 38.66 6.35 35 30.41 5.31 32 17.4% 1.39[0.85, 1.92] -
Liaw et al. (2015b) 25.83 4.79 35 19.5 4.17 32 17.4% 1.39 [0.85, 1.93] -
Liaw et al. (2017) 19.44 0.69 32 14.09 0.44 32 12.3% 9.13 [7.43, 10.84] —
Tanetal. (2017) 2491 5.04 57 22.89 5.14 46 17.8% 0.39 [0.00, 0.79] il
Total (95% CI) 233 211 100.0% 1.79 [0.74, 2.85] -
Heterogeneity: Tau’ = 1.59; Chi* = 115.23, df = 5 (P < 0.00001); I* = 96% 1o =% t 0

Test for overall effect: Z = 3.34 (P = 0.0008)

Figure 3

subgroup analyses were performed. Sensitivity analysis
was attempted, but heterogeneity was not improved.

Skills Demonstration Outcomes

Figure 3 illustrates the pooled meta-analysis results from
six RCTs with a total of 444 participants where skills
demonstration scores were used as an outcome. The
analysis indicated a significant improvement of skills in
virtual simulation (Z = 3.34, p < .001), with very large
to huge effect size (d = 1.79). Because of considerable
heterogeneity > = 96%, p < .001), sensitivity test and
subgroup analyses were conducted. Sensitivity analysis
was attempted, but heterogeneity was not improved.

Subgroup Analyses

Subgroup analyses were conducted to examine key fea-
tures of virtual simulation that result in acquisition of
clinical reasoning skills through applied knowledge and
skills demonstration (see Table 2). Virtual simulation
had a greater effect in increasing knowledge scores
when the learning content included patient care manage-
ment (d = 0.91), when conducted in multiple scenar-
ios (d = 0.84), and when using postscenario feedback
(d = 0.73). As shown in Table 2, virtual simulation had
no significant subgroup differences for knowledge scores,
when comparing learning duration (I> = 0%, p = .41) and
immersive experience (I> = 0%, p = .59).

As shown in Table 2, virtual simulation had a greater
effect in increasing skills performance scores, with signif-
icant subgroup differences of considerable heterogeneity
(P = 87.0%, p = .005), when the duration was more than
30 minutes (d = 2.82) and when using nonimmersive vir-
tual simulation (d = 2.82).

Meta-regression

The random-effects meta-regression was performed to as-
sess the effects of the following covariates on the ef-
fect size of applied knowledge scores: year of publication,
age of participants, sample size, learning content, number
of scenarios, type of feedback and immersive experience
(see Table 3). Covariates that had no effect on applied

Comparator Virtual Simulation

Forest plot of standardized mean difference (95% CI) on skills demonstration scores (post intervention) in VS.

knowledge scores included year of publication (8 = 0.10,
p = .36), age of participants (8 = -0.17, p = .37), sam-
ple size (8 = 0.01, p = .76), patient care management
(B = 034, p = .60), multiple scenarios (8 = -0.03,
p = .96), postscenario feedback (8 = 0.30, p = .45) and
nonimmersive environment (8 = -0.34, p = .55).

Overall Quality Appraisal (GRADE)

Using the GRADE certainty assessment, the overall qual-
ity of evidence for knowledge and clinical performance
outcomes was graded very low (see Appendix 5). The do-
mains of certainty assessment, including biases, inconsis-
tency, indirectness and imprecision, were downgraded as a
result of methodological limitations; variabilities in popu-
lation, intervention and comparator group; and small sam-
ple size. Publication bias was not detected for trials that
reported applied knowledge scores as symmetrical distribu-
tion of the included trials on the funnel plot was observed
(Egger’s test, p = .73) (see Appendix 6).

Discussion

The meta-analysis demonstrated a significant improvement
in clinical reasoning skills based on applied knowledge
(know how) and clinical performance (show how) among
nursing students and nurses in the virtual simulation groups
compared with control groups. Subgroup analyses revealed
that virtual simulation was more effective for the acqui-
sition of clinical reasoning skills when learning content
focused on patient management and when conducted for
more than 30 minutes’ duration, using multiple scenarios
with nonimmersive experiences and provision of postsce-
nario feedback. Meta-regression did not identify any sig-
nificant covariates.

By employing a quantitative synthesis of outcomes with
selectively included studies, the findings from this review
add further evidence to support earlier narrative reviews
that identified the effectiveness of virtual simulation in
improving knowledge and clinical performance of health-
care learners (Coyne et al., 2021; Foronda et al., 2020).
Similar to our review findings, a meta-analysis on virtual
patient simulations in health professional education found

pp 26-39 e (linical Simulation in Nursing ® Volume 69



Clinical Simulation in Nursing

35

Table 2 Subgroup Analyses of Virtual Simulation for Applied Knowledge and Skills Demonstration Scores

Category Subgroups No. of Sample d (95% CI) Overall effect Subgroup Difference
Studies(Reh Size (n) (Z, p-value for )  (p-value for Q, I'?)
Knowledge Scores
Learning Content Patient Care g beefiikl) 619 0.91 (0.33, 1.48) Z = 3.08, p = .25,
Management p = .002* I'°= 23.8%
Clinical Procedural 2 &% 113 0.48 (0.02, 0.93) Z = 2.04, p = .04*
Skills
Number of Scenarios  Multiple 6 (b d-efid 446 0.84 (0.35,1.33) Z=13.36,p < p=.97,
.0008* 1= 0%
Single 4 @ckl 286 0.86 (-0.25, 1.96) Z = 1.52, p = .13
Feedback Post Scenario g bcdefiil) 543 0.73 (0.25, 1.20) Z =3.00, p < p = .36,
.003* 1= 0%
NonPost Scenario 2 @0 189 1.33 (-0.61, 3.21) Z=1.33,p = .18
Learning Duration < 30 minutes 3@dh 216 1.16 (-0.16, 2.47) Z=1.73, p =.08 p = .41,
> 30 minutes 5(c i ik 321 0.57 (0.15, 1.00) Z = 2.63, I2= 0%
p = .009*
Immersive Experience Immersive 3 @60 282 1.08 (-0.03, 2.19) Z=1.90,p =.06 p =.59,
Environment 7 Badeiik 450 0.74 (0.17, 1.30) Z = 2.56, p = .01* I°= 0%
NonImmersive
Environment
Skills Demonstration
Scores
Learning Duration <30 minutes 2 @0 189 0.28 (-0.01, 0.57) Z=1.92,p=.06 p =.005%,
>30 minutes 4 (@ hij) 255 2.82 (1.05, 4.59) Z = 3.13, I2= 87.0%
p = .002*

Immersive Immersive 2 @0 189 0.28 (-0.01, 0.57) Z=1.92,p=.06 p =.005%,
Experience Environment 4 (g hij) 255 2.82 (1.05, 4.59) Z = 3.13, 12 = 87.0%
NonImmersive p = .002*

Environment

Note: CI = Confidence Interval; d = Cohen’s d (Effect Size); 12 = Heterogeneity; Ref = Reference; Z = z-Statistics;
Reference: ?(Bayram & Caliskan, 2019); b(_Blam'é et al., 2020); (Cobbett & Clarke, 2016); d(Gu et al., 2017); ©(Li, 2016); f(LeFlore et al., 2012);
9(Liaw et al., 2014); "(Liaw et al., 2015a); '(Liaw et al., 2015b); J(Liaw et al., 2017); ¥(Padilha et al., 2019); '(Tan et al., 2017)

*p < .05

TABLE 3 Random Effects Meta-regression Models of Virtual Simulation by Various Covariates

Covariates B Standard Error 95% Lower 95% Upper Z p

Year of Publication 0.10 0.11 -0.12 0.33 -0.91 .36
Age of Participants -0.17 0.19 -0.55 0.21 -0.88 .37
Sample Size 0.01 0.02 -0.38 0.53 0.31 .76
Patient Care Management 0.34 0.65 -0.93 1.61 0.52 .60
Multiple Scenarios -0.03 0.54 -1.08 1.03 -0.05 .96
PostScenario Feedback -0.57 0.65 -1.83 0.70 -0.88 .38
Nonimmersive Environment -0.34 0.57 -1.47 0.78 -0.59 .55

Note: B = Regression coefficient; Z = Z statistics
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improved skills performance outcomes compared with tra-
ditional education. (Kononowicz et al., 2019).

The effectiveness of virtual simulation in improving
clinical reasoning can be explained by the application
of Kolb’s (1984) experiential learning, which requires
learners to engage in clinical decision-making processes
through problem-solving of clinical scenarios and allows
them access for feedback on performance to facilitate
reflection. According to Fowler (2008), the effectiveness
of experiential learning depends on the quality of the
experience and reflection on the experience. As reported
by Edelbring (2013), key design strategies for virtual
simulation are essential to optimize experiential learning
approaches. Although the features identified for effective
learning in high-fidelity simulation include various clinical
scenarios and training levels, deliberate practice and
feedback were found to be commonly used in the design
of virtual simulation (Liaw et al., 2014). However, the
application of these features for optimal design of virtual
simulation may vary according to educational context
(Cook & Triola, 2009).

Our subgroup analysis provided evidence on the spe-
cific features of virtual simulation to optimize the facili-
tation of clinical reasoning. The findings revealed greater
effect of virtual simulation programs that focused on de-
veloping critical thinking skills related to patient care
management such as management of clinical deterioration
than on developing knowledge application related to clin-
ical procedure (e.g., tracheostomy care). Virtual simula-
tion offers real-life clinical scenarios that enable learners
to conduct nursing assessment based on the given scenario
and apply the assessment findings to make clinical deci-
sions in the development of a patient management plan
(LaManna et al., 2019). Thus, it is known to be best
suited for promoting clinical reasoning skills related to
patient management, to prepare students for a range of
clinical situations (Borg Sapiano et al., 2018). Conversely,
the use of virtual simulation for the development of
knowledge related to procedural skills has been criti-
cized as other more cost-effective methods can be used
(Cook & Triola., 2009).

In this subgroup analysis, virtual simulation was found
to have greater effect when multiple clinical scenarios with
longer duration (>30 minutes) were used. Expertise in
clinical reasoning is believed to be developed through ex-
posure to a range of clinical cases that can facilitate the
ability to undertake appropriate pattern recognition—the
process of recognizing similarity on the basis of a prior ex-
perience (Norman et al., 2007). Apart from promoting pat-
tern recognition, multiple and varied clinical scenarios can
facilitate deliberate practice of reasoning process through
reinforcing knowledge structures (Cook & Triola., 2009).
The ease of access and flexibility in terms of time and
place were shown to promote deliberate practice in virtual
simulation, which made it as effective as one-off manikin-
based simulations (Liaw et al., 2014). Besides varied clin-

ical scenarios, the deliberate practice of a mental model
(e.g., ABCDE) in these scenarios was considered critical
to arrive at the appropriate clinical decision for the specific
patient (Liaw et al., 2015a). However, logistical challenges,
such as scheduling of sessions with students and the de-
velopment of appropriate case scenarios, should be taken
into consideration during the virtual simulation develop-
ment phase (Liaw et al., 2020).

In the studies included in this review, feedback using
quizzes or checklists was incorporated throughout the clin-
ical cases. According to Norman and Eva (2010), feed-
back that provides individual responses with rationales and
evidence can support the development of clinical reason-
ing. Our study provides evidence that the incorporation of
feedback at the end of each scenario is effective in sup-
porting the development of clinical reasoning. As reported
by Posel et al. (2015), postscenario feedback that enables
learners to review the case for errors made, their associated
rationales and experts’ responses can provide an opportu-
nity for students to undertake postcase reflection—a criti-
cal element in the development of clinical reasoning skills.
More research is needed to inform how to effectively de-
liver postscenario feedback to optimize the development of
clinical reasoning in virtual simulation.

Interestingly, our findings revealed that nonimmersive
2D (e.g., screen-based simulation) is more effective than
immersive 3D virtual environments (e.g., virtual real-
ity simulation). The application of emotional engagement
theory and cognitive load theory may help to clarify
this finding (La Rochelle et al., 2011; Van der Land
et al., 2013). While the 3D virtual environment has
the capability to enhance students’ motivation and en-
gagement to learn through realistic, immersive, and in-
teractive learning environments, it can increase learn-
ers’ cognitive load as they have to pay attention to ir-
relevant immersive stimuli that distract them from the
learning tasks (Van der Land et al., 2013). Thus, the
3D virtual environment should be used with caution as
this approach, aiming to increase authenticity of learn-
ing, does not appear to improve clinical reasoning
skills (La Rochelle et al., 2011).

Strengths and Limitations

This is one of the first systematic reviews and meta-
analyses to present contemporary and robust evidence of
the effectiveness and essential features of virtual simulation
for developing clinical reasoning in nursing education. Al-
though a robust search was undertaken to decrease publica-
tion bias, the inclusion of English-only articles might have
limited the study selection and may affect generalization
of the findings. Only RCT designs were included in this
review to ensure scientific credibility. However, the pres-
ence of small sample groups in selected trials might have
resulted in small study effects. Larger trials are needed for
future studies to strengthen existing evidence. As a result

pp 26-39 e (linical Simulation in Nursing ® Volume 69



Clinical Simulation in Nursing

37

of high risk of selection, performance, and reporting bi-
ases, the overall quality of the evidence was low; thus, the
results should be interpreted with caution. Miller’s pyra-
mid of clinical competence was applied to assess clinical
reasoning at the higher levels to ensure clinical reasoning
was appropriately evaluated. The reviewed studies only in-
cluded “know how” (applied knowledge) and “show how”
(skills demonstration) levels. However, proficiency at these
levels may not automatically transfer to real-life clinical
settings (Thampy et al., 2019). Future studies should tar-
get the top of Miller’s pyramid (“does” level) by examining
whether the clinical reasoning skills gained in virtual sim-
ulations influence learners’ actual performance in clinical
settings.

Conclusion

The development of clinical reasoning as a core compe-
tency is critical for nursing education to ensure the provi-
sion of safe and quality patient care. Our review demon-
strated that the experiential learning approach in virtual
simulation can improve this nursing competency. Future
designs of virtual simulation should consider the use of
nonimmersive virtual environments and multiple scenarios
with postscenario feedback in delivering learning contents
related to patient care management. Future studies using
robust RCTs and examining the impact on actual clini-
cal performance are needed to strengthen the existing evi-
dence.
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