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Abstract
Purpose  This review was aimed to evaluate the effectiveness of virtual reality simulation as a teaching / learning strategy 
on the acquisition of clinical skills and performance, self-confidence, satisfaction and anxiety level in nursing education.
Methodology  The Preferred Reporting Items for Systematic Reviews guidelines, using the PICO model that is based on 
an evidence-based practice process was matched. A total of twenty-three studies included six themes: performance skills 
(n = 13), self-confidence (n = 8), satisfaction (n = 10), anxiety level (n = 3), self-efficacy (n = 4), and knowledge (n = 15). 
Experimental randomised control trials and quasi-experimental studies from 2009 to 2019, conducted in English, were 
included. Nursing students (n = 1797; BSN, ADN, MSc, LPN) participated.
Results and conclusion  This review was indicated that virtual reality simulation provides learning strategy to acquire clinical 
skills, improve knowledge acquisition, increase self-confidence, self-efficacy, and satisfaction level, and decrease anxiety 
levels among nursing students.

Keywords  Motor skills · Nursing education · Nursing students · Simulation · Virtual reality

Introduction

Clinical experience is a fundamental part of the practice of 
healthcare disciplines, especially in nursing education, which 
integrates theoretical with practical elements that comprise 
affective, cognitive, and also psychomotor fields of learning 
that promote the knowledge, skills, attitudes, and values that 
nursing students are required to learn [1, 2]. Acquisition of 
clinical psychomotor skills in nursing education is an integral 
part of being a nurse and providing safe nursing practices [3]. 
Nurse educators confront extensive challenges to supplying 
undergraduate nursing students with fit procedural nursing 
skills and relevant clinical learning experiences [4]; this is 

influenced by increased acceptance of student numbers, a 
shortage of nursing faculty, conflict for both laboratory time 
and clinical placement sites, intense competition from other 
healthcare professionals, and patient safety concerns on the 
part of the faculty and students [5]. Consequently, to promise 
the safety and quality of nursing education, there are appeals 
for educational reform in nursing schools. Students should have 
well-equipped laboratory sites where they can communicate 
with patient care before interacting with the actual patient 
by using innovative and interactive learning strategies that 
strengthen their skills in order to transfer knowledge to practice 
in a clinical application, including simulation experiences for 
students and game-based virtual reality [6, 7].

In nursing education, simulation is one of the interactive 
learning strategies in which students experience real-life 
situations without taking any risks, improves satisfaction and 
self-confidence, offers an active and safe learning environment, 
and proper feedback [8, 9]. During their undergraduate education, 
nursing students should be given the skills required to be able 
to think about their future role and to confront the challenges 
connected with their work responsibilities [10]. As maintained 
by the Healthcare Simulation Dictionary, virtual reality (VR) is a 
three-dimensional environment generated by computer that gives 
an immersion effect [11]. Virtual reality simulation (VRS) places 
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learners in a key role through exercise of their complex cognitive 
thinking abilities, decision-making, effective, psychomotor 
control, performance, and communication skills [12, 13].

There is the necessity for a systematic review that exam-
ines the effectiveness of VRS as a learning strategy in acqui-
sition of clinical nursing skills in nursing education and how 
this innovative learning strategy affects performance, learner 
satisfaction, learner efficacy, self-confidence, and anxiety 
levels in nursing students, in addition to knowledge reten-
tion and skill acquisition that this review has included and 
deemed distinct.

The aim of this study is to evaluate the effectiveness of 
VRS as teaching/learning strategy with respect to acquisition 
clinical skills and performance, satisfaction, self-confidence, 
and anxiety level in nursing education.

Method

Study questions

The Population, Intervention, Comparison and Outcomes 
(PICO) model was considered appropriate [14], which in 
this review included the following: P, students nurse; I, vir-
tual reality simulation; C, manikin simulation/face-to-face 
clinical practice; O, nursing skill acquisitions, satisfaction, 
performance, self-confidence, and anxiety, learning strategy.

Including these terms led to the following question:

1.	 How does VRS impact on clinical nursing skills as a 
learning strategy for nursing students?

2.	 How does virtual reality simulation affect satisfaction, 
self-confidence, self-efficacy, and anxiety among nurs-
ing students?

Data sources

Studies were identified through seven databases, including 
Cochrane Library, PubMed, CINAHL, EBSCO host, Science 
Direct, LIVIVO, and OVID (January 2020). The limited 
timeframe was from 1 January 2009 to 31 December 2019. 
The main search strategy combined terms and keywords 
including “virtual reality,” “virtual reality simulation,” 
“nursing students,” “nursing education,” “learning/teach-
ing strategy,” and “nursing skills.” Searches were limited to 
articles in English.

Study selection

Inclusion criteria included the following: (1) nursing 
students, (2) experimental studies or pre-post quasi-
experimental, (3) virtual reality related to nursing, and (4) 
a primary outcome measure (i.e., acquisition of nursing 

skills, learning strategy, cognitive skills [knowledge]) and 
a secondary outcome (i.e., satisfaction, performance, self-
efficacy, self-confidence, and anxiety). Exclusion criteria 
included the following: (1) basic information not complete 
to extract data, (2) studies not in English, and (3) studies not 
include nursing students.

Data extraction, quality assessment, and synthesis

We followed Boland’s (2017) model of data extraction, 
table construction, and analysis using narrative synthesis. 
Data were aggregated, and the quality of each study was 
assessed according to the Cochrane Handbook for System-
atic Reviews tool/guidelines (Version 5.1.0) [15]. Figure 1 
shows the study selection process. Studies were sourced by 
electronic retrieval, then uploaded to a reference manage-
ment database; thereafter, duplicates were eliminated.

Results

Twenty-three studies met inclusion criteria. Database 
searches were carried out between 4 January 2020 and 12 
January 2020. Table 1 details our results. VR technology 
consisted of a variety of devices and platforms. Some tech-
nologies were developed by faculty members/researchers, 
while others are commercially available. Several studies 
were single site (n = 9), while the majority include two or 
more data collection sites (n = 14). Studies used Web con-
ferencing technology, computer-assisted learning modules, 
games, virtual IV pumps, haptic devices, avatars, and head 
mounted displays.

Total of publication include key 

words: " virtual Reality", "Virtual 

Reality simulation", " Nursing 

Education", "Nursing Students", " 

Learning Strategy", "Nursing Skills" 

= 795 articles

Articles retained for review = 178 

articles 

Duplicate articles= 

24articles

Articles screened their full text and 

Pdf=116 articles 

Articles excluded= 62 

articles

23 articles have inclusion criteria
Articles have exclusion criteria= 

93 articles

Inappropriate design= 57

Missing keyword= 16

Inappropriate population= 8

Theoretical paper= 8

Inappropriate language= 4

Experimental = 11 

articles

Quasi-experimental= 12 

articles

PubMed 34articles

Science direct 611 articles

Ovid 39 articles 

Livivo 56 articles

CINAHL 16 articles

EBESCO host 28 articles

Cochrane 11 articles

Fig. 1   Database flow diagram
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How does VRS impact on clinical nursing skills 
for nursing students?

Using VRS as a learning strategy in skill acquisition

Fourteen studies (56.5%) examined VRS as a supplemental 
learning tool for skill acquisition as (IV, suctioning, decontam-
ination, phlebotomy, administering medication, Foleys catheter 
skills). For details on the application of VRS, see Table 1.

Six studies showed that VRS allows students to act sev-
eral roles in different settings [4, 13, 16–19], and seven 
studies showed that VRS enhances the role of students in 
debriefing, orientation and interacting with a virtual envi-
ronment, self-reflection, and clinical reasoning [20–26]. 
On the other hand, four studies showed the effectiveness of 
performing skills on actual patients after using various VRS 
techniques [26–28].

Twelve (92%) studies showed an improvement in skill 
performance of nursing students after using VRS [4, 16, 
19, 20, 23, 26, 27, 29–33], while three (23%) studies indi-
cated a decreased effect of VRS on performance scores and 
perceptions of students because of technical issues [17, 34, 
35]. On the other hand, 23% showed no difference between 
VRS methods and face-to-face/manikin simulation [21, 28, 
36]. In performance time, six (46%) studies showed the use 
of VRS in various skills improved skill performance and an 
enhanced use VR-based system to supplement face-to-face/
manikin simulation may be the optimal training program to 
complete skills efficiently [4, 19, 20, 23, 30, 32]. Vidal et al. 
and Luctkar-Flude et al. explained that using VRS takes 
longer to acquire skills, and the order of procedural steps is 
important in teaching psychomotor skills.

The effectiveness of VRS on cognitive skills (knowledge 
and retention)

Fifteen (65%) of twenty-three studies examined that VRS 
can improve student learning or their knowledge. In cogni-
tive context, six studies showed that VRS increase acquisi-
tion and retention of knowledge [4, 13, 16, 18, 22, 25]. Fur-
thermore, VRS enhances development, gained, and applying 
knowledge [13, 19, 23, 27, 29]. In the affective domain, seven 
studies found realistic VRS experiences providing knowledge 
about caring, interactions, allowed for feedback on accessible 
engagement enjoyable game, and students’ attention [13, 17, 
18, 20, 23, 33, 34], while other studies showed no difference 
in knowledge after 5 months [4, 19]. Seven studies showed 
no difference when using VRS as compared to face-to-face/
manikin simulation of acquisition, application, and learning 
knowledge, and increased knowledge in both groups in which 
VRS is considered as a supplemental tool alongside face-to-
face/manikin simulation [16, 17, 24, 27, 29, 33, 34].

How does VRS affect satisfaction, self‑confidence, 
self‑efficacy, and anxiety among nursing students?

Nursing student’s satisfaction

Eleven studies (48%) examined learner satisfaction after VRS 
use. Ten studies showed an increase in learner satisfaction [20, 
22, 24, 25, 27, 30–33, 35]. One study that compared VRS 
with face-to-face/manikin simulation showed no difference in 
satisfaction with the learning experience [21].

Nursing students’ anxiety level

Three (13%) studies examined outcomes related to anxiety 
levels among nursing students (n = 235). Two studies showed 
VRS can be a reliable and effective teaching/learning strategy 
to reduce anxiety levels, and fear symptoms among students 
[27, 30]. On the other hand, a study by Cobbett and Snelgrove-
Clarke showed VRS rise anxiety levels among students.

Self‑confidence

Eight (35%) studies examined outcomes related to self-
confidence resulting from VRS. Three studies showed that 
VRS can increase self-confidence [20, 33, 35], and five 
studies found that VRS compared to face-to-face/manikin 
simulation does not affect self-confidence [21, 27, 28, 31, 
34], although studies of Luctkar-Flude et al. and Ismailoglu 
and Zaybak showed higher self-confidence in VRS than 
face-to-face/manikin simulation.

Self‑efficacy

Four (17%) studies examined outcomes related to 
self-efficacy. Three studies showed VRS increased 
self-efficacy among nursing students using various 
strategies [17, 24, 25]. The study of Bandura showed 
no differences in perception of self-efficacy among 
students because simulation strategy used only one 
intervention with one class, in line with self-efficacy 
theory; self-efficacy perception is caused by interaction 
of different variables over time [37].

Discussion

Knowledge/skill performance/performance time

In this review, although methods employed varied among 
studies, 53% showed that VRS reinforces knowledge acqui-
sition and 92% showed that it improves skill performance. 
Knowledge is examined through focusing on several cogni-
tive contexts, in which VRS allows acquisition of knowledge 
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through learning experience and error training that is a 
valuable part of gain information for nurse students who is 
serving feedback for their actions [4]. In addition, VRS had 
positive effect on retention of knowledge through replicat-
ing actual areas into realistic scenarios at any time such as 
creating variety of models for disaster situations, and using 
virtual patients in a case-based learning approach [19, 22, 
38]. On the other hand, VRS assists transfer of knowledge 
through conveying theoretical knowledge to practice by 
applying VRS in various programs education and used 
game-based virtual reality phone applications such as role 
perioperative team, tracheostomy care, and IV pump skills 
[16, 29, 31].

Furthermore, various studies showed that VRS play vital 
role in promoting active learning including first, students 
take an active role when they played individually, which 
supports Kolb’s theory—when learners have engaged in 
active experimentation, learning will be most effective [39]. 
Second, VRS integrating exciting, fun, and motivating in 
the learning process helping students’ problem-solving and 
critical thinking that reduce anxiety. Third, VRS helps to 
provide feedback and reflection especially with a formative 
assessment helping knowledge retention [18, 24, 25, 30, 33]. 
On the other hand, VRS enhances conceptual and procedural 
learning through bridging gap between theoretical and clini-
cal skills that occur in nursing education, let students gain 
information by using auditory/visual senses [4].

Moreover, there is another study that showed the impor-
tance of VRS in a classroom instructional setting during 
visualizing skills, in which VRS assist retention of mental 
image, explore real-world interactions for learners, instruc-
tional variables, and tasks [20], which agreed with a study 
of [40] that indicated students learn through rules of doing 
and being.

This review showed that VRS was used in various learn-
ing strategies such as a case study, several contexts such 
as specific scenarios in safety education, pediatric courses, 
and disaster training, and psychomotor skills that demon-
strated improvement in the performance of various skills 
included tracheostomy tube, IV catheterization, medication 
administration, and decontamination skills. Consequently, 
VRS showed improvement in decision-making and transfer 
of safer practices that allow experiential learning [16, 18, 
19, 23, 25, 38], which is compatible with the studies of [41].

On the other hand, some studies showed that no varia-
tions between both VRS and face-to-face/manikin methods 
used on knowledge level and performance skill, related to 
several factors such as the following: (1) providing relevant 
theoretical knowledge and then performed procedure steps 
as many times; (2) participants may be exposed to same 
instructional content or test itself; (3) constant program plan-
ning and resource; and (4) technical and game progression 
issues caused by using this type of educational game and 

training equipment for the first time [17, 21, 25, 27–29, 34, 
36]. Thus, it can be concluded that neither the VRS nor the 
face-to-face/manikin method is considered perfect in and of 
itself or totally offers the procedure performed on an actual 
patient [30, 36]. In addition, it may be provided students 
with an opportunity to contextualize and reinforce their theo-
retical knowledge by learning through experience, which is 
compatible with the studies of [41].

With respect to performance time, 46% of studies showed 
students performed tasks faster through VRS compared 
to face-to-face/manikin method that related to realistic 
conditions which allow students to repeat procedure after 
sufficient practice time, and extend students’ preparedness 
level to perform skill [4, 19, 20, 23, 26, 30, 32]. In contrast, 
Succar et al. showed that using VRS caused students to 
spend greater performance time than when using face-to-
face/manikin simulation, which may be considered a gap 
between completing virtual skills and real skills on account 
of the immaturity of VR technology [42]. Thus, that does not 
mean that learning outcomes with VRS decreased, but the 
use of a VR-based system may be a supplement to face-to-
face/manikin simulation is the optimal program for training 
nurses [43].

Satisfaction/self‑confidence/self‑efficacy/anxiety

VRS is enhanced satisfaction among students in performing 
clinical skills through feelings of usability, usefulness, 
and providing positive feedback [22, 30, 32, 35]. Curtin 
et  al.  showed improved learner satisfaction through 
enhancing their knowledge, learning goals and outcomes, 
feeling that preparation was both convenient and excellent, as 
is compatible with the study of [44]. And, this may contribute 
to motivation, improved clinical skills, and reduced time 
spent in education by promoting self-reflection activities [21, 
27]. The study of Verkuyl et al. showed learners’ satisfaction 
related to increasing understanding, challenging knowledge, 
and critical thinking, allowing for reflection in a realistic 
environment. In addition, they can do practical skills at any 
time anywhere if they have VRS devices such as Oculus Rift  
which allow them to provide feedback [24]. Also, study of  
Ausburn et  al. showed increased satisfaction between 
learners and educators through found strong enthusiasm to 
used desktop VR, which they recommended to design, and 
implementation/distribution of functional desktop VR [20]. 
One study showed learner dissatisfaction when using VRS 
compared to face-to-face/manikin simulation because of 
some technical issues, e.g., students could not perform skills 
effectively [34].

In this review, three studies showed that VRS increased 
self-efficacy rather than face-to-face/manikin simulation 
[17, 24, 25], and three studies showed that VRS increased 



Irish Journal of Medical Science (1971 -)	

1 3

self-confidence [20, 33, 35]. This is in agreement with the  
review of Foronda. In self-confidence there is no differ-
ence when participating with face-to-face/manikin simu-
lation versus VRS in clinical practice scenarios such as 
apply two maternal new-born clinical simulation sce-
nario [34], which concurs with the studies of [45] that 
conclude that VRS integrates learning principles con-
structivism, through enhancing self-directed learning in a 
realistic setting while enabling student learning and sup-
porting their confidence.

Two studies in this review showed that VRS may be an 
effective learning strategy that reduces nursing students’ 
anxiety levels and fear symptom among students who used 
a virtual intravenous simulation than among those who used 
plastic arm models [27, 30], congruent with Nielsen and 
Harder [46] study that recommendations may reduce student 
anxiety during simulation such as educators being support-
ive and friendly, providing sufficient instructions to environ-
ment and simulation roles, and planning nursing care as a 
team. One study showed that students in face-to-face simu-
lations have been more comfortable because they had prior 
exposure to the simulation lab, and technology surrounding 
VRS caused the rise in anxiety levels [34].

Technical issues

Four (17%) studies demonstrated that VRS has technical 
issues that may have an influence on learning outcomes. 
Kardong-Edgren et al. showed that students are comfortable 
with technology which was associated positively with 
simulation scores (P = 0.004). Another study showed that 
students preferred face-to-face simulation compared to 
VRS with the reason related to technological issues such 
as a slow online program [34]. Additionally, a study of 
Ausburn et al. reported that there is no technical problem 
with VRS in a classroom setting, and the issues with 
channel and cognitive overload may recede by providing 
adequate time for training and learning, and exploring VRS 
details when using instructional VR in complicated graphic 
environments like equipment, laboratories, and facilities 
interiors.

Limitations

There are several limitations to this review. First, we were 
not able to perform subanalysis because of restricted data in 
primary studies. Second, results could differ if other data-
bases and grey literature were included. There is known bias 
when only published studies are reviewed. Third, we did not 
perform hand searches of relevant journals. Finally, results 
would differ if the population of interest extended beyond 
nursing students.

Conclusion

VRS can be considered a useful learning strategy and a beneficial 
choice for promoting skill acquisition, retention of knowledge, 
and enhancing effective learning strategies for learners. 
Furthermore, the combination of VRS into nursing curriculum 
content is an appropriate strategy for providing additional 
methods for skill acquisition. It also has a positive impact on 
self-confidence, self-efficacy, and satisfaction, and decreases 
anxiety levels among nursing students. On the other hand, 
further studies suggest improving our understanding of VRS’s 
effects on the acquisition of skills for nursing students to improve 
their performance. Likewise, it is essential to realize not only 
whether this type of intervention is efficient but also whether it 
is agreeable to nursing educators and learners. Therefore, there is 
a need for research to acquire knowing and understanding about 
how and why this approach to learning might be utilized.

Recommendations

Future research should look at a diversity of healthcare 
professionals to ensure results can widely be generalizable, 
performing longitudinal studies for students after a completed 
experience of VRS to determine if knowledge acquired translates 
into changes in clinical practice through evaluating cognitive, 
affective, and psychomotor. Furthermore, advanced studies are 
essential on the use of VRS in nursing education and training.
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