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Abstract
Background  In the healthcare systems of the world, reinforcing the competence and professionalism of nurses has 
become a concern. Gaining clinical nursing competence in the healthcare system requires more effort, and additional 
training is required. Medical education and training have begun using digital technologies, such as virtual reality (VR). 
The purpose of this research was to examine the efficacy of VR in terms of cognitive, emotional, and psychomotor 
outcomes and learning satisfaction in nurses.

Method  The study searched eight databases (Cochrane library, EBSCOHost, Embase, OVID MEDLINE, ProQuest, 
PubMed, Scopus, and Web of Science) for articles that met these criteria: (i) nursing staff, (ii) any virtual reality 
technology intervention for education, all levels of immersion, [1] randomized control trial and quasi-experiment 
study, and (iv) published articles and unpublished theses. The standardized mean difference was measured. The 
random effect model was applied to measure the main outcome of the study with a significance level of p < .05. The I2 
statistic assessment was applied to identify the level of heterogeneity of the study.

Results  A total of 6740 studies were identified, of which 12 studies with 1470 participants met the criteria for 
inclusion. The meta-analysis showed a significant improvement in the cognitive aspect (standardized mean difference 
[SMD] = 1.48; 95% CI = 0.33–2.63; p = .011, I2 = 94.88%), the affective aspect (SMD = 0.59; 95% CI = 0.34–0.86; p < .001, 
I2 = 34.33%), the psychomotor aspect (SMD = 0.901; 95% CI = 0.49–1.31; p < .001, I2 = 80.33%), and learning satisfaction 
(SMD = 0.47; 95% CI = 0.17–0.77; p = .002, I2 = 0%) aspects of the groups that received the VR intervention compared to 
the control groups. Subgroup analysis found that dependent variables (e.g., level of immersion) did not improve study 
outcomes. The quality of evidence was low which is affected by major methodological issues.

Conclusions  VR may favorable as alternative method to increase nurse competencies. Randomized controlled trials 
(RCTs) on larger samples are needed to strengthen the evidence for the effect of VR in various clinical nurse settings. 
ROSPERO registration number: CRD42022301260.
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Background
Reinforcing the competency and professionalism of 
nurses has become an issue in healthcare systems around 
the world [2–4]. As professionals with whom patients 
spend their time the most [5], nurses make essential 
contributions to the positive experiences of the patients 
they care for [6]. There has been evidence that compe-
tent nurses have the ability to increase the quality of care 
[7] in terms of safety [8, 9], prevention of physical injury 
[10], respect toward cultural matters [11, 12], and patient 
satisfaction [13]. However, guaranteeing nurses’ clinical 
competence in healthcare systems requires more effort 
[14, 15]. To address this, more training for nursing staffs 
is necessary [9].

Medical education and training have begun using 
digital technologies, such as the virtual world [16, 17]. 
Although the definition of the virtual world varies, its 
presence and use has become a major component of edu-
cation technology [18], which uses instructional digital 
software called virtual reality (VR) [19, 20]. The term VR 
in this study refers to the virtual world that presents vari-
ous forms of simulation technology in nurse education 
[16].

Nurses are different from other medical professionals 
in terms of the uniqueness of their knowledge and the art 
they perform in nursing care [21]. There have been stud-
ies of the healthcare workforce in general [21–23], but 
those results do not represent the nursing profession in 
particular. Studies of the use of VR with nurses are scarce 
[22], and some studies involved student nurses [16, 23, 
24]. The outcomes in terms of knowledge, performance, 
self-efficacy, and communication skills have been applied 
only to nursing students [23, 25, 26]. Kyaw and col-
leagues suggested a study to evaluate VR with outcomes, 
including attitude, satisfaction, and behavior change, in 
future research because the findings in those areas are 
still limited [27]. Hence, a systematic review to measure 
the effectiveness of VR on professional nurses requires 
immediate attention. This meta-analysis is deemed the 
first to be conducted on nursing staffs in clinical service.

Besides the differences in the study background, pre-
vious meta-analyses have focused only on measuring 
knowledge levels as outcomes [25]. Therefore, by involv-
ing extracted literature reviews from a large database, 
this study will contribute additional findings to the pre-
vious ones. Bloom’s taxonomy of cognitive, affective, and 
psychomotor domains [28, 29] was applied in this study 
to identify similar study outcomes. Through the research 
gap above, this study aims to [30] measured the effect of 
VR on cognitive, affective, and psychomotor outcomes 

in nursing staff, and [2] identified the components that 
affect the outcomes of VR used to train nursing staff.

Methods
Design, search strategy, and study selection
This study has been reported according to the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guidelines [31], and it has been registered with 
PROSPERO (No: CRD42022301260). Studies were col-
lected from eight databases (CENTRAL from Cochrane 
library, CINAHL from EBSCOHost, Embase, MEDLINE 
from OVID, ProQuest, PubMed, Scopus, and Web of Sci-
ence). For articles collected, there is no time limit. Arti-
cles from inception until May 2022 were collected using 
keywords combinations presented in Additional File 1. 
Then, two independent researchers performed the study 
screening using EndNote X9 software. Any disagree-
ments were resolved through discussion.

Eligibility criteria
The inclusion criteria in this study were: (i) nursing staff, 
(ii) any virtual reality technology intervention for educa-
tion, all levels of immersion, [1] randomized control trial 
and quasi-experiment study, and (iv) published articles. 
The exclusion criteria consisted of: (i) pre-post test study 
without control grup,(ii) insufficient data for analyses, 
and [1] conference proceedings, abstract only, book 
chapters, reviews, letters, and editorials.

Intervention
The term virtual reality refers to the spatial system that 
represents the physical world [32]. The computer system 
in VR consists of input and output devices that separate 
and connect the user with the virtual world [33, 34]. Iso-
lation in VR can lead to a sense of immersion and pres-
ence—concepts that define VR [35]. Immersion in the 
virtual world is the extent to which users feel part of that 
world in a multi-dimensional concept that includes tele-
presence [33]. VR can be displayed on various devices, 
such as computer monitor and three dimensional (3D) 
or two dimensional (2D) television [36, 37], and head-
mounted displays (HMDs) [33]. The keyboard, mouse, 
and trackball are examples of haptic interfaces in every-
day life [33]. Avatars are often used to represent users in 
such simulations for creating real experiences in a virtual 
environment [36]. The level of immersion is a technical 
manipulation that can be applied to a broad range of par-
adigms [38]. The standardized classification of VR levels 
is described as VR: low, VR: medium, and VR: high [38, 
39]. Comprehensive definition of the VR concepts in this 
study was summarized in Additional File 2.
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Outcomes of the study and operational definitions
Bloom’s taxonomy was used as the framework for classi-
fying the learning outcomes from the articles included in 
this study. Bloom’s taxonomy was developed as a tool for 
educators to classify learning objectives and skills for stu-
dents (Larkin & Burton, 2008). In this approach, learn-
ing is categorized according to three taxonomic domains: 
the cognitive domain (knowledge), the affective domain 
(attitudes), and the psychomotor domain (skills) [28]. 
According to Benjamin Bloom and his colleagues, the 
cognitive domain refers to the ability to think and solve 
problems; the affective domain involves attitudes and 
value systems, and the psychomotor domain represents 
the ability to do things [40]. To simplify the definition, we 
use the original version of Bloom’s taxonomy Details of 
the definitions in Bloom’s taxonomy are Additional File 2 
[28, 40–43].

Data extraction
Two independent investigator (RN, and CE) performed 
data extraction from the included studies. Information 
gained from each study included the first author, year of 
publication, country, participants, education level, age, 
experience, intervention and control group, results, size, 
study design, sample size, and key findings. Any discrep-
ancy was resolved through a thorough discussion with 
the main author of this study.

Risk of bias in individual studies
Risk of bias was assessed using version 2 of the Cochrane 
risk-of-bias tool for randomized trial studies. For ran-
domized control trials included, bias from the random-
ization process, the effect of assignment to intervention, 
missing outcome data, outcome measurement, and the 
selection of the results report have been identified fol-
lowing the Cochrane guidelines [44]. Two reviewers inde-
pendently completed the assessment of the risk of bias. 
Any conflicts were resolved by a third reviewer. Further-
more, the quality of the quasi-experimental studies used 
in this study was assessed using the JBI systematic review 
assessment [45]. The JBI critical assessment checklist for 
quasi-experimental studies comprises nine questions to 
assess threats to internal validity, namely on variables, 
participants included, interventions used, measurements 
of outcomes, and statistical analysis (Additional File 3).

Synthesis of results
The standardized mean difference was calculated using 
comprehensive meta-analysis (CMA) V.3 software to 
measure the main and additional research outputs in this 
study. The overall effect size was tested with the stan-
dardized mean difference (SMD) and determined by cal-
culating the Z-statistic with a significance level of p < .05. 
A sensitivity analysis of publication bias was performed 

[46] to assess the robustness of the studies’ results [47]. 
The I2 statistical assessment was used to determine the 
level of heterogeneity of the study [48] and to compare 
the impact of treatment from different interventions [49]. 
The Egger test [50] and visual inspection of the funnel 
plot asymmetry [51] were used to assess publication bias.

Meta-regression analysis of secondary data from fac-
tors influencing heterogeneity was performed on sub-
groups to identify and control for heterogeneity. A 
subgroup analysis was carried out on factors that were 
thought to affect the homogeneity of the study. Because 
the focus of this study was on the benefits of VR inter-
ventions, the variables included in the subgroup analysis 
were the level of immersion, head tracking, study design, 
and intervention context variables. The level of immer-
sion was coded as high, moderate, or low. Head tracking 
was categorized into no head tracking and head tracking. 
Furthermore, randomized clinical trials (RCT) and quasi-
experiments are elements of study design and interven-
tion context categorized as emergency response and not 
emergency response. Meanwhile, the variables of screen 
resolution, field of view, refresh rate, and stereoscopy/3D 
were omitted from the subgroup analysis because of 
insufficient information. Non-visual stimuli and interac-
tivity variables were not analyzed because they showed 
the same conditions in all studies. The variables of total 
sessions of interventions and total duration were ana-
lyzed in minutes, which is a continuous variable with 
meta-regression analysis to determine its effect on the 
main outcome of this study.

Results
Search results
A total of 6772 records were retrieved from 14 databases, 
and 432 duplicate records were removed using EndNote 
software. The final sample size was 12 studies comprising 
7 RCTs and 5 quasi-experimental studies with full text for 
the systematic review and meta-analysis. Study screening 
and selection process shown as Fig. 1 [52].

Study characteristics
Table  1 lists the characteristics of the 12 articles stud-
ied, which were published between 2002 [53] and 2021 
[54–58]. Of these, four took place in China [53, 56–58], 
three in Taiwan [54, 55, 59], two in the United States of 
America [60, 61], and one each in Hongkong [62], Singa-
pore [63], and Korea [64]. The participants in four studies 
were newly graduated registered nurses (NGRNs) [55, 56, 
58, 59], in three they were registered nurses and enrolled 
nurses [53, 57, 62], and in five they were experienced RNs 
[54, 60, 61, 63, 64]. There was a total of 1470 nurses in the 
12 studies. Brief explanation for VR were presented in the 
next Chapter (Table 2).
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VR intervention
Table  2 provides detailed descriptions of the VR train-
ing. According to delivering method, three approaches 
to VR training used web-based simulation [56, 58, 63], 
seven used computer-based simulation [53, 57, 59–62, 
64], and two used spherical video-based virtual reality 
(SVVR) simulation [54, 55]. The level of immersion of the 
VR training was low in six approaches [57, 59, 60, 62–64], 
moderate in three [53, 56, 58], and high in three [54, 55, 
61]. The number of sessions ranged from 1 [54, 61, 63, 64] 
to 4 sessions [62], and the length of each session ranged 
from 10 min [60] to 4 h [57]. The total duration of train-
ing ranged from 1 h [61] to three weeks [59]. Three out 
of 12 studies had their interventions developed based on 
theoretical frameworks [54, 56, 58].

Quality assessment
The bias assessment of seven RCT studies using the 
Cochrane risk of bias 2.0 instrument showed six studies 
[53, 57, 59–62, 64] were at high risk. These studies lacked 
detailed reporting of randomized and blind methods, 
but all studies reported complete data outcomes (Addi-
tional file 3). Meanwhile, four quasi-experimental studies 
using the JBI assessment tool showed that the results of 
four studies [56, 58, 63] were included in this systematic 
review and meta-analysis. All four studies reported hav-
ing fully reported on the quasi-experimental method. 
Only one study (Green, 2017) did not fully report on 
follow-up data and similarities. Details of the quality 

assessment of quasi-experimental studies are provided in 
Additional file 3.

Pooled results
The impact of intervention on the cognitive aspect
The effects of VR interventions on the cognitive aspect 
among nurses were evaluated in five studies, and the 
pooled effects were statistically significant. As shown in 
Fig. 2, The effect on the cognitive aspect had a standard-
ized mean difference (SMD) of 1.48 (95% CI = 0.33–2.63), 
and the studies were highly heterogeneous (I2 = 94.88%). 
Because of the small sample size, the moderator analysis 
(subgroup) was conducted only for the level of immer-
sion. The moderator analysis showed no significant dif-
ferences in effect sizes for the nurses’ cognitive aspect 
between the level of immersion (p = .788). The results of 
Egger’s test indicated that there was no publication bias 
(p = .162).

The impact of intervention on the affective aspect
Figure 3 shows the effects of virtual reality interventions 
on affective among nurses in seven studies. This study 
found that the pooled effect size was statistically signifi-
cant. The effect on affective had an SMD of 0.59 (95% CI, 
0.34 to 0.86). The studies were moderately heterogeneous 
(I2 = 34.33%, p < .001). The moderator analysis showed no 
significant differences in effect sizes for nurse’s affective 
aspect between level of immersion (p = .713), study design 
(p = .060), and interventions context (p = .376). The results 
of Egger’s test indicated no publication bias (p = .462).

Fig. 1  PRISMA Flowchart diagram of the study selection
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The impact of intervention on the psychomotor aspect
Figure 4 describes the effects of VR interventions among 
nursing staffs. The pooled results from nine studies indi-
cated a statistically significant effect of VR intervention 
on the psychomotor aspect. The effect on psychomotor 
had an SMD of 0.901 (95% CI, 0.49 to 1.31). The stud-
ies were highly heterogeneous (I2 = 80.33%, p < .001). The 
moderator analysis showed no significant differences in 
effect sizes for nurses’ psychomotor ability between the 
level of immersion (p = .934). The results of Egger’s test 
indicated no publication bias (p = .462).

The impact of intervention on learning satisfaction
The effects of VR interventions on learning satisfaction 
among nurses were evaluated in four studies, and the 
pooled effect size was statistically significant. The effect 
on satisfaction had an SMD of 0.47 (95% CI, 0.17 to 0.77). 
Significant heterogeneity in the effect sizes of satisfaction 
was not found (see Fig.  5). the moderator analysis was 
not performed in this section.

Table 3 describes the effect of the level of immersion, 
study design, use of head tracking, and the intervention 
context on cognitive, affective, and psychomotor out-
comes. Subgroup analysis concluded that there was no 
effect of those independent variables on the study out-
comes (p > .05). Meta-regression using a random effect 
model, in the Table 4, was used to examine the effect of 
total session and total minutes’ duration of intervention 
on the effect size of the cognitive, affective, and psycho-
motor aspects. Table  4 shows that those two covariates 
had no effect on the outcomes of the study (p > .05).

Sensitivity analysis
To assess the robustness of the results of the meta-anal-
ysis comparing the changes in cognitive, affective, and 
psychomotor aspects and learning satisfaction, sensitiv-
ity analyses were conducted by excluding one study at a 
time. No results were significantly altered, indicating the 
robustness of our results.

Discussion
Summary of key findings
This meta-analysis showed that all three domains of 
Bloom’s taxonomy, comprising cognitive, affective, and 
psychomotor aspects, were improved to a statistically 
significant level by the application of VR for training 
the nursing workforce. A significantly higher score for 
learning satisfaction in the VR groups also was revealed. 
In terms of moderator analysis, the level of immersion, 
study design, use of head tracking, and the intervention 
context, our moderator analysis found no significant dif-
ference in the effect sizes of the cognitive, affective, and 
psychomotor aspects in nurses. Finally, meta-regression 
also showed that interventions comprising total sessions 1s

t 
A

ut
ho

r, 
Yr

. 
(C

ou
nt

ry
)

Pa
rt

ic
ip

an
ts

St
ud

y 
de

si
gn

n M
 - 

A
ge

(S
D

)

M
 

– E
xp

er
ie

nc
e

(S
D

)

Pr
oc

ed
ur

al
 

Se
tt

in
g

In
te

r-
ve

nt
io

n 
co

nt
en

t

Co
m

pa
ra

to
r

O
ut

co
m

e
M

ea
su

re

I
C

I
C

G
re

en
, 2

01
7 

(U
SA

)
Re

gi
st

er
ed

 
nu

rs
e

Q
ua

si
-e

x-
pe

rim
en

t, 
2-

gr
ou

p

17
-

15
-

-
-

N
eo

na
ta

l u
ni

t
Pr

oc
e-

du
ra

l 
sk

ill

Li
ve

 n
eo

na
ta

l 
re

su
sc

ita
tio

n 
si

m
ul

at
io

ns

Pe
rf

or
m

an
ce

 a
nd

 re
te

nt
io

n 
of

 
th

e 
ne

on
at

al
 re

su
sc

ita
tio

n 
sk

ill
s 

in
cl

ud
e:

 g
ro

up
 fu

nc
tio

n,
 p

re
pa

ra
-

tio
n,

 c
om

m
un

ic
at

io
n,

 
ox

yg
en

 a
dm

in
is

tr
at

io
n,

 v
en

til
at

io
n,

 
an

d 
ch

es
t c

om
pr

es
si

on
s

Th
e 

sc
or

in
g 

to
ol

 fo
r a

dh
er

en
ce

 to
 n

eo
na

ta
l 

re
su

sc
ita

tio
n 

gu
id

el
in

es

Lu
o,

 2
02

1 
(C

hi
na

)
N

ew
ly

 g
ra

du
-

at
ed

 re
gi

st
er

ed
 

nu
rs

es

Q
ua

si
-e

x-
pe

rim
en

t, 
2-

gr
ou

p

16
21

.9
4

(1
.2

9)

14
22

.3
1

(0
.7

0)

0
0

H
os

pi
ta

l
Sp

ec
ia

lty
 

ca
re

Ca
se

 s
tu

dy
C

lin
ic

al
 ju

dg
m

en
t; 

se
lf-

co
nfi

de
nc

e;
 

sa
tis

fa
ct

io
n

La
sa

te
r c

lin
ic

al
 ju

dg
m

en
t r

ub
ric

 (L
C

JR
); 

st
ud

en
t s

el
f-

co
nfi

de
nc

e 
in

 le
ar

ni
ng

 s
ca

le
; 

si
m

ul
at

io
n 

de
si

gn
 s

ca
le

 (S
D

S)

Zh
on

g,
 

20
21

 
(C

hi
na

)

N
ew

ly
 re

gi
s-

te
re

d 
nu

rs
es

Q
ua

si
-e

x-
pe

rim
en

t, 
2-

gr
ou

p

43
22

.0
5

(0
.8

2)

43
21

.7
9

(0
.7

2)

0
0

Em
er

ge
nc

y 
un

it
Sp

ec
ia

lty
 

ca
re

Tr
ad

iti
on

al
 le

ar
n-

in
g 

m
et

ho
ds

Em
er

ge
nc

y 
re

sp
on

se
 a

bi
lit

y;
 s

el
f-

di
re

ct
ed

 le
ar

ni
ng

 a
bi

lit
y

A
Q

C
FC

N
-N

ED
; R

SS
LC

N

Ta
bl

e 
1 

(c
on

ti
nu

ed
)

 



Page 7 of 15Efendi et al. BMC Nursing          (2023) 22:170 

and total minutes’ duration did not affect cognitive, affec-
tive, and psychomotor outcomes.

Quality assessment
This VR study can be used as a reference with a low 
quality of evidence. Though the Egger’s test indicated 
no publication bias, high risk of bias was found in the 
reporting of RCT studies. Information on blinding or 
masking between the intervention and control groups 
was not available. The report of the randomization allo-
cation technique was also not explained by the research-
ers. Not all RCT study protocols registered, leading to 
a lack of information for risk assessment of reporting 
bias. Prospective registration of clinical trials is impor-
tant because of the issue of publication bias and selective 
reporting [65]. The publication status of the listed RCTs 
would provide clarity for readers to assess the research 
report [65]. The result of I2 also performed substantial 
heterogeneity among two outcomes. This may due to the 
variation of intervention, duration, and media used. Fur-
thermore, this review also includes the four quasi-exper-
imental studies which may interfer internal validity of the 
data pooling.

Virtual reality and cognitive improvement
VR training considerably raised the cognitive level of the 
nursing staffs. Although they did not assess the cognitive 
aspect based on Bloom’s categories, previous studies have 
evaluated the effect of VR on knowledge outcomes as one 
part of the cognitive domain [43, 66]. This result is con-
sistent with earlier reviews and meta-analyses that exam-
ined the impact of VR training and reported an increase 
in the applied knowledge of registered nurses and nurs-
ing students [67]. In addition, other studies focusing on 
nursing students revealed the same result [25, 68, 69]. 
The realism and immersion of the simulated VR world 
boosted pupil comprehension. Students believed that the 
ability to modify an avatar’s viewpoint enhanced their 
ability to learn [70]. On the other hand, VR showed more 
efficacy in nursing than conventional or other simula-
tion-based education modalities. Virtual patients helped 
students to understand better the ideas taught and how 
to apply their new knowledge [71].

As evidenced by the previous study, Bloom’s taxon-
omy has provided a basis for learning in a VR environ-
ment [70]. Bloom’s taxonomy helps examine the process 
by which VR promotes knowledge acquisition. Bloom’s 
taxonomy has been extensively used in educational con-
texts to help students think and solve problems through 
the learning process. VR presents educational ideas of 
higher-level thinking in Bloom’s cognitive domains, such 
as creative and critical thinking, problem-solving, and 
multiple intelligences [70, 72]. It is also directly related to 
technological integration [70]. Bloom’s theory proposes 

that the acquisition of cognitive knowledge will proceed 
in three ways: comprehension, application, and analysis 
[43]. During VR simulations, the participants compre-
hend how to handle the problem in the most applicable 
method feasible, and they assess whether their knowl-
edge is adequate to provide this clinical care [73]. VR 
programs may be essential for enhancing learning mate-
rial as a supplement to conventional training [74].

Virtual reality and affective improvement
Pooled data showed the effectiveness of VR in improv-
ing nurses’ affective aspect, compared to other traditional 
methods. This result is in line with a systematic review 
investigating the impact of VR intervention on nursing 
students’ and registered nurses’ emotional skills com-
pared to other training method [75]. VR has the poten-
tial to foster empathy and help nurses visualize situations 
from the perspective of patients and in an affective 
domain [76]. Ouzouni and Nakakis [77] concluded that a 
nurse’s empathy is a two-pronged term that encompasses 
both emotional and mental reactions. Thus, using VR in 
education can improve nurses’ ability to detect another 
person’s emotions, comprehend their significance, and 
respond appropriately. A benefit of VR for influencing 
human emotions is that it simulates complex real-world 
situations [78].

According to Bloom’s taxonomy, in the affective 
domain, the behaviors of receiving and reacting must be 
used throughout the pre-simulation, pre-briefing or brief-
ing, and participation phases [73, 79]. Previous research 
uncovered gaps and deficiencies in developing nursing 
students’ emotional domains for trust, decision-making, 
and patient care. The clinical simulation approach was 
planned and supported using Bloom’s taxonomy for com-
petence building. The simulation linked with Bloom’s 
taxonomy might transcend the learning of cognitive and 
psychomotor domains, producing congruence between 
knowledge and the affective and psychomotor aspects 
in the nursing student [73, 80]. The affective domain is 
established during the first phases of the clinical simula-
tion, when the person’s determination and drive to learn 
are appreciated and heightened during debriefing, which 
includes all the behaviors described by Bloom’s taxonomy 
throughout the reflective process. This supports the sig-
nificance of debriefing for the development of clinical 
nursing competence [73].

Virtual reality and psychomotor improvement
Though the included articles comprised a range of par-
ticipants and types of psychomotor skills, this meta-
analysis showed that VR intervention could improve the 
psychomotor domain in nurses. These results support the 
findings of several studies [67, 81, 82]. On the other hand, 
in a meta-analysis that encompassed nursing student 
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participants, VR was not more effective than traditional 
methods in improving nursing skills [23]. This finding is 
consistent with other reviews that VR was not proven to 
influence skill development in nursing students and reg-
istered nurses [16]. From this point, it can be argued that 
the conclusions of some recent studies are inconsistent. 
This might be because there were various participant 
characteristics, such as years of experience and level of 
education. It cannot be overlooked that these variables 
affect the clinical skills of nurses.

In Bloom’s taxonomy, the psychomotor aspect is in the 
second phase of clinical simulation, which is initiated 
by the cognitive and affective domains in the first phase 
[83]. In other words, the performance of psychomotor 
skills is affected by the pre-knowledge and motivation of 
nurses, and these aspects are gained from the experience 
of environment exposure. Our analysis of the studies 
showed that VR significantly improved nurses’ cogni-
tive and affective aspects. Thus, initiating psychomotor 
improvement in nursing staffs by the affective and cogni-
tive aspects is guaranteed in this study. The role of VR is 
imperative to help nurses get closer to the real environ-
ment [84]. Thus, VR is presumed to provide positive ben-
efits in improving clinical skills.

Virtual reality and learning satisfaction
This review concluded that VR could significantly 
improve nursing staff’s learning satisfaction compared 
to other training modalities. Compared to the three 
domains of Bloom’s taxonomy, the number of included 
studies on learning satisfaction was relatively small. 
Nonetheless, the four included studies were remarkably 
similar. This finding is not supported by Chen, Leng [68] 
who found no significant increase in learning satisfaction 
among students of nursing and other health professions. 
However, it is essential to consider the homogeneity of 
immersion levels across studies, which is likely to influ-
ence the results.

Researchers have shown strong positive associations 
between student motivation and academic performance 
[85, 86]. Based on anatomical arrangement, Moro, 
Štromberga [87] discovered that one-third of participants 
found the VR approaches disorienting and annoying. 
Using VR may result in cybersickness, including nausea, 
dizziness, and headache. Thus, future research should 
concentrate on the detrimental impacts of VR, such as 
impaired vision and confusion [85, 88].

Moderator analysis
The statistical test of moderator analysis of the subgroups 
of the categorical and continuous variables in the meta-
analysis and meta-regression showed that there was no 
significant difference in the effectiveness of VR at vari-
ous levels of attenuation (high, moderate, or low), the 1s
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presence or absence of head tracking, study design (RCT 
or quasi-experimental), intervention context (emergency 
or not emergency), total sessions of interventions, and 
total minutes’ duration. The cognitive, affective, and 
psychomotor domains showed the same results from 
the moderator analysis. This finding is consistent with 
a previous meta-analysis, which reported that content 
covariates, level of immersion, length of sessions, and the 
number of sessions did not affect knowledge outcome 
scores [25]. However, it cannot be concluded that there is 
no effect of covariate variables on the effectiveness of VR 
because the studies included in this meta-analysis were 
mostly conducted on small samples, and the bias of most 
studies was assessed as high risk. According to Woon, a 
low to medium level of immersion is more effective in 

providing a learning environment than a high level of 
immersion [25]. Further exploration is needed to deter-
mine the effect of VR on the levels of immersion, interac-
tivity [27], VR devices, and intervention context.

Strengths and limitations
As far as the authors know, this study is the first to evalu-
ate the effectiveness of VR in nursing staff populations. 
There was no publication bias from the 12 studies. This 
work provides three outcomes of VR intervention, which 
are inspired by Bloom’s taxonomy. The cognitive, affec-
tive, and psychomotor domains are deemed to be the 
pedagogic mechanism for the development of nurs-
ing competence in clinical settings [83]. Moreover, this 
work conducted a sensitivity analysis that showed the 

Fig. 3  Forest plot of individual and combined effects from intervention reporting affective outcomes

 

Fig. 2  Forest plot of individual and combined effects from intervention reporting cognitive outcomes
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robustness of the results. However, risk of bias was high 
in most of the study included. The heterogeneity among 
two outcomes were considered substantial. In addi-
tion, the quasi-experiment method was still included 
in this review because of the lack of studies focused on 
nursing staffs. The other shortcomings were the exclu-
sion of potential appropriate study related engineering 
area due to the conference proceedings were excluded in 
this study.Lastly, most of the analyzed studies were con-
ducted on small sample sizes. Therefore, the analysis of 
study bias should be treated with careful caution.

Impact on clinical practice training
This work strengthened the prospect of involving VR 
in training nurses and improving their nursing compe-
tency. There is high confidence in the effectiveness of 
VR in increasing the cognitive, affective, and psychomo-
tor dimensions of nurses’ knowledge, which can lead to 
improved patient safety and increased patient satisfac-
tion. Nevertheless, using VR has been presumed to be 
expensive and demanding. Fortunately, the literature has 
shown that VR has lower costs than traditional simula-
tion [89]. Therefore, cost should not be a major concern 
of hospital management. However, technological issues 
may be a challenge for nursing departments. The use of 

Fig. 5  Forest plot of individual and combined effects from intervention reporting satisfaction outcomes

 

Fig. 4  Forest plot of individual and combined effects from intervention reporting psychomotor outcomes
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VR should be understood comprehensively by the users 
so that the equipment is run properly. In addition, regu-
lar updates and maintenance of the programs are neces-
sary to avoid glitches [90]. Thus, the existence of a special 
team that handles such technology is required.

Conclusion and recommendations
This study provides evidence that VR is an effective alter-
native for improving nurses’ cognitive, affective, and 
psychomotor aspects and their learning satisfaction. Fur-
thermore, this work found that there was no significance 
in effect size among dependent variables (e.g., level of 
immersion) did not improve study outcomes for all four 
outcomes. However, the possibility of heterogeneity and 
the risk of bias among studies cannot be ignored. Thus, 
the quality of evidence from this review was classified as 
low. Further RCTs with larger samples and robust meth-
ods based on the guidelines of the Consolidated Stan-
dards of Reporting Trials (CONSORT) are needed to 
ensure straightforward investigation of cause–effect rela-
tionships within the internal and external validity [91]. 
An evaluation of cost-effectiveness and technological fea-
sibility is needed to guarantee the applicability of VR in 
settings with low resources. Further study should address 
the impact of VR technology on nurses’ clinical perfor-
mance in real-world work settings.
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Table 3  Moderator analysis: Subgroup analysis
Variable n SMD 95% CI p
Cognitive
Level of immersion
High
Low

2
3

1.75
1.31

-1.16 to 4.67
-0.12 to 2.73

0.239
0.072

Between sub-group p value = 0.788

Head tracking
Yes
No

2
3

1.75
1.31

-1.16 to 4.67
-0.12 to 2.73

0.239
0.072

Between sub-group p value = 0.788

Psychomotor
Level of immersion
High
Moderate
Low

3
2
4

0.98
0.93
0.81

0.43 to 1.53
-0.33 to 2.19
0.09 to 1.53

< 0.001
0.028
0.148

Between sub-group p value = 0.934

Between sub-group p value = 0.572

Head tracking
Yes
No

2
7

0.93
0.89

0.095 to 1.764
0.381 to 1.403

0.029
0.001

Between sub-group p value = 0.940

Affective
Level of immersion
High
Moderate
Low

3
3
2

0.74
0.58
0.49

0.23 to 1.26
-0.16 to 1.23
0.17 to 0.81

0.005
0.129
0.002

Between sub-group p value = 0.712

Study design
RCT
Quasi-experiment

4
3

0.43
0.91

0.19 to 0.68
0.48 to 1.35

0.001
< 0.001

Between sub-group p value = 0.060

Intervention context
Emergency response
Not emergency response

4
3

0.73
0.34

0.39 to 1.08
-0.08 to 0.74

< 0.001
0.105

Between sub-group p value = 0.376

Head tracking
Yes
No

2
5

0.74
0.51

0.23 to 1.26
0.19 to 1.84

0.005
0.002

Between sub-group p value = 0.464
RCT = randomized controlled trias

Table 4  Moderator analysis: Meta-regression analysis
Variable n β Coefficients 95% CI p
Cognitive
Total sessions of 
interventions
Total duration in minutes

5
5

-0.104
-0.001

-0.454 to 
0.246
-0.004 to 
0.003

0.561
0.789

Psychomotor
Total sessions of 
interventions
Total duration in minutes

9
9

-0.054
-0.001

-0.157 to 
0.049
-0.002 to 
0.000

0.309
0.063

Affective
Total sessions of 
interventions
Total duration in minutes

7
7

-0.007
-0.002

-0.076 to 
0.061
-0.001 to 
0.001

0.839
0.578
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