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Virtual reality simulation offers students the opportunity to
acquire clinical and psychomotor skills in a safe and interac-
tive environment. This study describes theusability of virtual
reality simulation among undergraduate nursing andmidwifery
students. Participants were recruited using convenience and
snowball sampling and engaged in a 20-minute virtual reality
simulation scenario of their choice. They then completed a
21-itemsurvey comprising a sociodemographic questionnaire,
the System Usability Scale, a satisfaction questionnaire, and
open-ended questions. Quantitative data were analyzed using
descriptive statistics, and qualitative datawere analyzed using
deductive content analysis. Forty-three students participated
in this study. The mean (SD) System Usability Scale score was
75.87 (13.7), indicating that virtual reality simulation was
acceptable. Almost all participants were either “extremely
satisfied” or “somewhat satisfied” with virtual reality simula-
tion, which was perceived as informative and enjoyable, foster-
ing safe andself-directed learningwithout causingpatient harm.
Participants recommended using virtual reality simulation to
practice clinical skills, prepare for clinical placements, and learn
about rare clinical situations. Virtual reality simulation needs to
be underpinned by a strong pedagogy and aligned with learning
outcomes. Educators and students should be trained in virtual
reality simulation prior to its integration into the curriculum.
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V irtual reality (VR) includes “a wide variety of computer-
based applications commonly associated with immersive,
highly visual, 3D characteristics that allow the participant

to look about and navigate within a seemingly real or physical
world.”1(p40) Advancements in VR have led to developing
user-friendly, lightweight, affordable, and wireless VR equip-
ment.2 This resulted in a significant surge in the number of ac-
tive VR users. For instance, the number of VR users in the
UnitedStates increased from22.5million in2017 to50.2million
in 2020.3 These numbers are projected to increase to 65.9 mil-
lion by 2023.3 Moreover, the number of annual VR units sold
worldwide increased from 5.41 million in 2019 to 6.1 million
in 2021 and is projected to increase to 14.31 million in 2024,4

Recently, particularly in the context of the COVID-19
pandemic, VR became increasingly used to deliver healthcare
services that could not be delivered using traditional strategies
such as physical and cognitive rehabilitation, pain manage-
ment, treatment of psychological disorders, and patient enter-
tainment.5 Virtual reality use in nursing andmidwifery educa-
tion has gained traction globally, whereby educators started
using VR to counteract the negative effects of the pandemic
on student learning and competency to practice safely.6,7 Vir-
tual reality is known to provide an immersive medium to ex-
change theoretical and clinical learning,8 and enhance skill
proficiency and learning outcomes among nursing students,
especially when access to clinical areas was restricted.9 A re-
cent systematic review, meta-analysis, and meta-regression
of 14 trials found that VR training was more effective than
conventional training in delivering and enhancing procedural
knowledge among nursing students.10 Other benefits to VR
include the opportunity to practice and learn in a safe and in-
teractive environment,11 and the provision of a platform to
deliver lectures, ask questions, and engage in critical thinking.12

Examples of recent successful applications of VR in nursing and
midwifery education include but are not limited to teaching
chemotherapy administration,13 nursing skill competence train-
ing,14 peripheral intravenous catheter insertion,15 and teaching
midwives about the management of third stage labor.16

According to the Agency for Healthcare Research and
Quality, VR simulation uses “a variety of immersive, highly vi-
sual, 3D characteristics to replicate real-life situations and/or
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healthcare procedures.”17(p56) In comparison with face-to-face
andmanikin-based simulationmethods, VR simulation enables
students to practice for a longer duration and acquire addi-
tional clinical skills that are not necessarily encountered in the
clinical setting.12 Virtual reality simulation is also viewed as
a viable strategy for the acquisition of non-technical skills such
as situation awareness, decision making, communication, and
teamwork, which are key to safe practice.18,19

Despite the many advantages of VR, there is very little ev-
idence on the use of clear theoretical and pedagogical models
to inform the design and use of VR in virtual learning environ-
ments.20 Moreover, the evidence on the feasibility of incorpo-
rating this innovative learning and teaching technology in nurs-
ing and midwifery education is lacking. Therefore, prior to its
full-scale integration into the curriculumas a learning, teaching,
and formative and/or summative evaluation instrument, an in-
vestigation of the usability of VR simulation is warranted,
while considering the context of implementation.21 In the
present study, we describe the usability of VR simulation
among nursing and midwifery students, as well as their level
of satisfaction with VR simulation, and explore their experi-
ences of engaging with VR simulation.

METHODS
Design
The term “usability” is defined as “the quality of being easy to
use.”22Usability testing is vital to the development of virtual sys-
tems in healthcare education.23 In the field of human-computer
interaction, usability is often defined in terms of “learnability
(i.e., is it easy to accomplish the task?), efficiency (once learned,
is the user fast in performing the task?),memorability (is the user
able to reestablish proficiency with the design after a period of
stop?), errors (howmany errors does the user make?) and sat-
isfaction (how pleasant is the design?).”23(p2) These elements
of usability can be assessed using various instruments. One of
the most used instruments is the System Usability Scale
(SUS),24,25 which was used in the present study. Usability
studies, however, tend to focus on technical tasks rather than
the user experience.26 Therefore, in addition to the SUS, we
used a questionnaire to measure user satisfaction as well as
open-ended survey questions to explore, in greater detail, el-
ements of VR simulation that worked, elements that did not
work, and recommendations for improvement.

Sample and Setting
The inclusion criteria were (1) undergraduate nursing and
midwifery students; (2) studying in a public university in Cork,
Ireland; (3) registered in any of the five BSN/midwifery pro-
grams (ie, general nursing, children's and general integrated
nursing, intellectual disability nursing, mental health nursing,
and midwifery); (4) registered in any year of study; and (5)
aged 18 years and above. Virtual reality can trigger motion
816 CIN: Computers, Informatics, Nursing
sickness, which is often associated with sudden movement
and extreme gaming.27 This was not the case in the current
study. However, for safety reasons, students who suffer from
severe motion sickness were not eligible for inclusion.

Participants were recruited using convenience and snow-
ball sampling whereby those who completed the study were
encouraged to invite their classmates to participate. Of
note, there is no consensus as to how many participants
should be included in a usability study,28–30 with some studies
recommending sample sizes as small as five participants.31,32

However, addingmore participants to a usability study reduces
variance in the percentage of known usability problems.29 For
instance, in a structured usability test of a Web-based applica-
tion, Faulkner30 ran 100 usability trials with 60 participants
and found that a sample size of five participants would help
detect a minimum of 55% of usability problems whereas a
sample size of 40 to 50 participants would help detect a min-
imum of 98% of these problems. Therefore, in the present
study, we aimed to recruit 40 to 50 participants.

Two designated VIrtual SImulatiON (VISION) weeks
were launched in the School of Nursing and Midwifery on
the weeks of March 28 and April 4, 2022. Fifteen profession-
ally designed study invitation posters were displayed around
the school. An electronic version of the posters was posted on
the school's social media and was e-mailed by the school's ex-
ecutive assistants to all undergraduate students on four occa-
sions. Each poster contained brief information about the
study, the researchers' contact details, and a quick response
code that students could scan to register their interest in par-
ticipating. Using a designated study phone, a research sup-
port officer contacted the students who registered their inter-
est to schedule a data collection date and time.

Data Collection
This study was approved by the university's Social Research
Ethics Committee and Research Access Committee. Data
were collected during the two VISION weeks in a desig-
nated room in the School of Nursing and Midwifery. Four
research personnel who were trained in VR and who were
not known to participants collected data. Participants read
a study information leaflet and provided informed consent.
They were assured that this study was not a formal assess-
ment of their performance and that they should not worry
about making mistakes while taking care of the deteriorating
virtual patient. Participants were shown a 5-minute tutorial
video on the use of the VR headset and controllers. They
were then presented with the description of five VR simula-
tion scenarios and were asked to choose one scenario (Table 1).
Screenshots from the scenarios are included in Figure 1 with
permission from Oxford Medical Simulation, the company
that supplied the VR simulation scenarios. Recently, postgrad-
uate nursing students reported that these scenarios were user
October 2023



Table 1. Description of the Five Virtual Reality Simulation Scenarios

Scenario Description

Acute severe asthma Melanie is a 28-year-old woman presenting with shortness of breath. She has a past
medical history of asthma and eczema and has been without her inhaler for a few days.
Examination reveals wheezing, tachypnea (ie, high respiratory rate), low oxygen saturation
via pulse oximetry, and respiratory failure on blood gas.

Urosepsis and delirium Wilfred is a 78-year-old man who presents with a new onset of confusion, requiring a
collateral history from his relatives. He is found to have a fever, suprapubic tenderness
on palpation, and a urine dip positive for blood and leukocytes. His blood work and vital
signs suggest urosepsis.

Diabetic ketoacidosis George is a 28-year-old man presenting with abdominal pain and fatigue. He has a history
of type 1 Diabetes and poor insulin compliance due to high stress at work. He presents
with dehydration, a high blood sugar, and ketones in the blood and urine.

Chronic obstructive pulmonary disease and
community-acquired pneumonia

Wilfred is an 80-year-old man who presents with an increased shortness of breath. He has
a history of COPD (chronic obstructive pulmonary disease) and a recent lower respiratory
infection. He has low oxygen saturations and respiratory failure, increased white cells,
raised lactate, and crackles on auscultation.

Alcohol withdrawal with suicidal ideation Boris is a 40-year-old man who presents with flu-like symptoms and tremors. On further
exam, he is sweaty and photophobic (ie, eyes sensitive to light) and admits to a history of
alcohol abuse with sudden cessation a few days ago. His examination shows an increasing
CIWA score (ie, instrument that assesses alcohol withdrawal). A further interview of his
psychosocial status reveals a history of suicidality and ongoing risk factors for suicide.

Abbreviation: CIWA, clinical institute withdrawal assessment for alcohol.
friendly,33 and non-specialist clinicians who used these
scenarios reported a significant increase in confidence and
clinical performance.34

Each VR simulation scenario was timed and took 20minutes
to complete. Virtual patients in each of the five scenarios
were stable initially but deteriorated slowly as the simulation
progressed. Actions possible within the scenarios include tak-
ing patient history, measuring vital signs, performing physical
FIGURE 1. Screenshots from the different virtual reality simulation sc
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assessment, administering medications, escalating the care, in-
terpreting laboratory test results, and communicating with the
patient. For safety reasons, participants remained seated dur-
ing data collection, VR equipment was wiped between uses,
and emesis bags were available in case participants experi-
enced motion sickness. As a token of appreciation, each
participant received a low-value voucher covering the cost
of a meal.
enarios.
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Instruments
Immediately after completing the scenario of choice, each
participant completed a 21-item electronic survey compris-
ing a sociodemographic questionnaire,35,36 the SUS,24,25 a
satisfaction questionnaire,37 and open-ended questions.35,36

See Supplemental Digital Content 1, http://links.lww.
com/CIN/A242, for all data collection instruments.

Sociodemographic Questionnaire

Participants completed a six-item sociodemographic question-
naire with questions on age, gender, program of study, year
of study, previous experience with VR, and the chosen VR
simulation scenario.35,36

System Usability Scale

The 10-item SUS is widely used to evaluate the usability of a
technology.24,25 To minimize response bias, items 1, 3, 5, 7,
and 9 of the SUS are worded positively (ie, favoring VR) and
items 2, 4, 6, 8, and 10 are worded negatively (ie, not favor-
ing VR). Each item is scored on a 5-point Likert scale rang-
ing from “strongly disagree” (score of 1) to “strongly agree”
(score of 5).

Following data collection, negatively worded items are re-
verse coded and 1 point is subtracted from the original score
for each item. This gives a score of 0 to 4 per item. The scores
for all 10 items are then added and thenmultiplied by 2.5 to get
an overall score of 0 to 100, with higher scores indicating
greater usability.24,25 System Usability Scale scores are then
converted to percentiles (0–100) and graded (F to A+). Grade
A indicates “superior performance,” grade C indicates “aver-
age performance,” and grade F indicates “failing performance”
(Table 2).38 Of note, grades F to A+ refer to the performance
of the system (ie, VR) as opposed to the performance of the
user. The average SUS score, at the 50th percentile, is 68.39

In this study, Cronbach's α for the SUS was 0.77, indicating
high reliability.40
Table 2. Interpretation of the System Usability Scale
Scores38

Score Percentile Grade

84.1–100 96–100 A+
80.8–84.0 90–95 A
78.9–80.7 85–89 A−
77.2–78.8 80–84 B+
74.1–77.1 70–79 B
72.6–74.0 65–69 B−
71.1–72.5 60–64 C+
65.0–71.0 41–59 C
62.7–64.9 35–40 C−
51.7–62.6 15–34 D
25.1–51.6 2–14 F
0–25 0–1.9 F
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Satisfaction Questionnaire

Participants' level of satisfaction with VR simulation and
with their overall experience of participating in the study
was measured using two items assessed on a 5-point Likert
scale ranging from “extremely dissatisfied” to “extremely
satisfied.” Scores ranged between 1 and 5, with higher scores
indicating greater satisfaction.37

Open-Ended Questions

Participants typed their responses to three open-ended
questions that explored the elements of VR simulation that
they enjoyed the most, the elements of VR simulation that
they enjoyed the least, and recommendations to integrate
VR simulation in nursing and midwifery education in
the future.35,36

Data Analysis
Quantitative data were analyzed in RStudio (R version 4.04).
Data from the sociodemographic questionnaire, satisfaction
questionnaire, and the SUS were analyzed using descriptive
statistics (ie, frequencies, mean, SD, median, and interquartile
range). Data from the open-ended questions were analyzed in
NVivo using deductive content analysis.41 Participant excerpts
were coded, and similar codes were grouped to form generic
categories. Generic categories were then collated under the fol-
lowing three main categories that were pre-determined based
on the questions asked: positive aspects of VR simulation, chal-
lenges to engaging with VR simulation, and recommendations
for integrating VR simulation into nursing and midwifery edu-
cation. Qualitative data analysis was conducted by one author
and cross-checked by a second author to minimize errors and
improve data credibility and confirmability.42
RESULTS
Sociodemographic Questionnaire
Fifty students registered their interest in participating. Of
those, 43 participated in this study (86% participation rate).
Participants' age ranged between 18 and 51 years. Almost half
of the participants were general nursing students (n = 21,
48.84%). Most participants were female (n = 39, 90.7%), either
in their first year (n= 15, 34.88%) or second year (n= 16, 37.21)
of study, and reported having never usedVRpreviously (n= 24,
55.81%). In terms of the chosenVR scenarios, most participants
chose either acute severe asthma (n = 16, 37.21%) or alcohol
withdrawal with suicidal ideation (n = 11, 25.58%). The full
sample characteristics are presented in Table 3.

System Usability Scale
With amaximum possible score of 100,24,25 themean (SD) SUS
scorewas 75.87 (13.7) and themedian scorewas 75 (interquartile
range, 21.25). These scores lie between the 70th and 79th
October 2023
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Table 3. Participant Characteristics (N = 43)

Characteristic n (%)

Age, y
Range 18–51
Mean (SD) 26 (9.15)
Median (interquartile range) 21 (10)

Sex
Female 39 (90.7)
Male 4 (9.3)

Program of study
General nursing 21 (48.84)
Intellectual disability nursing 10 (23.26)
Mental health nursing 7 (16.28)
Children's and general integrated nursing 3 (6.7)
Midwifery 2 (4.65)

Year of study
Year 1 15 (34.88)
Year 2 16 (37.21)
Year 3 6 (13.95)
Year 4 6 (13.95)

Previous experience with VR
None 24 (55.81)
Once 15 (34.88)
Several times 3 (6.7)
A lot 1 (2.33)

Chosen VR simulation scenario
Acute severe asthma 16 (37.21)
Alcohol withdrawal with suicidal ideation 11 (25.58)
Diabetic ketoacidosis 8 (18.6)
COPD and community acquired pneumonia 6 (13.95)
Urosepsis and delirium 2 (4.65)

Abbreviation: COPD, chronic obstructive pulmonary disease.
percentile, indicating that VR simulation was acceptable
and was graded as B.38,39

Satisfaction Questionnaire
Almost all participants were either “extremely satisfied” (n = 29,
67.44%) or “somewhat satisfied” (n = 13, 30.23%) with the
statement “using VR simulation to learn about nursing/
midwifery clinical scenarios.” Similarly, most participants
were either “extremely satisfied” (n = 32, 74.42%) or “some-
what satisfied” (n = 10, 23.26%) with the statement “my over-
all experience of participating in this study.”Of note, none of
the participants were somewhat/extremely dissatisfied with
either of the above two statements.

Open-Ended Questions
The main categories, generic categories, and codes are pre-
sented in Table 4. The full coding sheet with participant ex-
cerpts is included in Supplemental Digital Content 2, http://
Volume 41 | Number 10
links.lww.com/CIN/A243, to enhance transparency and
maintain an audit trail.
Positive Aspects of Virtual Reality Simulation

Participants “gained valuable knowledge” (Participant [P]1) and
described VR simulation as “informative” (P28, P31), “educa-
tional” (P18), and a “brilliant learning opportunity” (P8). The VR
technology was perceived as a “very pleasant” (P14), “fun to use”
(P8), and “enjoyable way to learn and assess skills” (P7). The accessi-
bility of VR simulation was highlighted as an added benefit: “I
think I learned a lot from simulation therefore, VR makes simulation more

accessible for me…” (P15).
Virtual reality simulation was perceived to promote “inde-

pendence and clinical decision making” (P6), “facilitate learning by self-
directive” (P25), and enable students to “engage with critical think-
ing” (P3). As a result, participants reported feeling “less pan-

icked than doing in person simulations” (P21) and reported “not be-

ing limited by lack of familiarity with medical equipment” (P40).
The positive effect ofVR simulation on patient safety featured

strongly in participants' written responses whereby VR was de-
scribed as “a very safe way to practice nursing skills” (P34) “without the
fears of harming someone” (P1). Another participant wrote:

I enjoyed the idea of being able to experiment instead of dealing with a

real patient. I feel that it could definitely benefit nurses and other al-

lied health professionals. (P26)

Overall, VR simulation was perceived to “bring things to

life” (P25) and “very lifelike” (P7, P18) since “patients presenting have
real life scenarios” (P28). One participant highlighted “the realistic
interaction” in terms of being “able to talk to the patient and the other
nurse as if you were in a clinical situation” (P2). Participants often
described VR as “very interactive” (P8, P9, P15) and engaging,
particularly in the presence of a built-in feedback system:
“The feedback part allowing me to know what I did well and what I

can improve on” (P27), “prompts to run certain tests” (P40), “the ability
to get advice if I was confused” (P27), and “enough instructions on how

to check with patients” (P36). Another positive element of VR
simulation was the availability of “lots of options with assessing

the patient” (P20) and “options to choose from which helped you decide

what to do” (P38) including “the process of examination” (P43), “re-
spiratory and cardiac assessments” (P6), and “the treatment process”

(P43), among others.
Challenges to Engaging With Virtual Reality Simulation

Engaging with VR simulation was not without challenges. For
many, VR “was confusing at first” (P30), as it “took a bit of getting used
to at the start” (P4). However, participants eventually “figured out
how to use it [VR]” (P20) as evidenced in the following excerpts:

On initial session I felt like I was trying so hard to get used to the VR

that the systematic nursing assessment was poor but I think this

would improve as I got used to the VR. (P40)
CIN: Computers, Informatics, Nursing 819
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Table 4. Main Categories, Generic Categories, and Codes Identified From the Open-Ended Questions

Main Categories Generic Categories Codes

Positive aspects of VR simulation Informative, enjoyable, and easy
way to learn

Informative
Educational
Enjoyable and fun to use
Beneficial for students
Easy to use and learn
Great and accessible opportunity to learn
Clear

Fostering self-directed learning
without pressure

Taking control/being independent
Self-directed learning
Independent decision-making
Less panicked
Engaging without pressure
Not limited by lack of experience
Engaging with critical thinking

Safe environment to experiment
without causing harm

No fear of causing harm
Experimenting instead of dealing with a patient
Safe way to practice nursing skills
Helping without being in the hospital

Closeness to real-life situations Similar to placement
Real, lifelike, and accurate

Interactive and engaging
technology

Very interactive
Being able to practice without moving
Engaging with the client
Feedback on what went well and what can be improved
Prompts to run tests
Getting advice when confused
Instructions to check with the patient

Various skills available in
VR simulation

Patient assessment
Treatment process
Accessible patient records
Different options to support decision-making

Challenges to engaging with VR simulation Getting used to navigating the
VR environment

Confusing at first
Takes a while to get used to VR
Hard to understand at first
Not knowing where to find things at first
Figuring out how to properly use VR
Getting used to navigating the room

Technological issues Blurry screen/graphics
Ill-fitting and uncomfortable headset
Difficult on the eyes
Confusing controls
Moving the head while seated

Not as interactive as real-life
situations

Not being able to react in real situations
Need to physically do the skills in real life
Some options are only available in real life
Not as interactive as the clinical setting/classroom

Difficulties performing certain
tasks

Escalation of care
Giving medication
Struggling to do things
Being alone in the room

Recommendations for integrating VR simulation
into nursing and midwifery education

Using VR to practice and prepare
for clinical placement

VR as an instrument to practice clinical skills
Using VR to prepare for clinical placement

Incorporating VR into teaching,
learning, and assessment

Using case studies
Using different scenarios
Teaching about rare situations
Incorporating VR into modules

(continues)
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Table 4. Main Categories, Generic Categories, and Codes Identified From the Open-Ended Questions, Continued

Main Categories Generic Categories Codes

Useful resource for exams
More beneficial than manikin

Making VR accessible Equipment available in designated room
VR as optional
Access at own time
I think it took me few mins before getting the hang of it...which I have

expected. (P14)

At first it was hard to understand but when I found my way it was

amazing. (P2)

It's a bit hard to navigate at first. In clinical scenario, we'd mostly have

everything presented to us already so learning to navigate in VR is a bit

difficult at first. (P15)

Technical issues were also reported. These related to the
quality of the graphics: “Picture was a bit blurry” (P37) and “I

could not read some of the results” (P24); the ill-fitting headset:
“Poor fit of headset and needing to still wear glasses so fit can feel a little

awkward” (P18); eyestrain: “It was a bit difficult on your eyes” (P6);
confusing controllers: “Movement controls were confusing at times”

(P39); and having to be seated during the experience: “Moving

my head nearly 200 degrees…would be easier standing up” (P43).

Whereas some participants described VR simulation as
lifelike, others reported that VR was not as interactive as
real-life situations, particularly while performing skills: “When

leaning, you need to physically do the skills and the VR simulation doesn't

allow you to do actually do the skills” (P2). Moreover, some partic-
ipants found it difficult to perform certain tasks such as “esca-
lation of care” (P26) and “giving medication” (P9).
Recommendations for Integrating Virtual Reality Simulation
Into Nursing and Midwifery Education

Participants made several recommendations to integrate VR
simulation into nursing and midwifery education. Many be-
lieved that VR can be used “to practice clinical scenarios and de-

velop critical thinking skills” (P3), “in clinical labs and assessments”
(P41), and “to help adjust to clinical settings and procedures” (P37).
Similarly, they recommended using VR to help students pre-
pare for clinical placement. One participant wrote: “[VR]
will prepare nurses and midwives well for when they have to deal with

real patients” (P26). Another participant added:

I think it would be especially useful before going on placement for the

first time to give us an idea of what to expect. As a first year, I had no

idea what to expect so this would give first years a good idea. (P2)

Participants suggested incorporating VR into teaching,
learning, and assessment through the use of case studies:
“Use these case studies [VR simulation scenarios] and ask the
Volume 41 | Number 10
patient questions to come up with a care plan and treatment” (P43);
using diverse scenarios: “It [VR] can help bring different scenarios
and one can see how they [students] will deal with it” (P16); teach-
ing about rare clinical situations: “A variety of rare situations

could be taught about where we wouldn't maybe be able to experience

them in real life settings as students” (P17); incorporating VR into
pre-existing courses: “Using it [VR] in clinical modules such as
anatomy and physiology and pharmacology” (P27); using VR “for

exams” (P2); and using VR instead of manikins in some situ-
ations: “It's [being] able to visualize bruising that you would be un-
able to do on a manikin as well as you can communicate to the person

unlike manikins” (P39).

Access to VR was recommended by making VR equip-
ment available in a designated location for students to use
at their own leisure, “All the equipment would be in the VR room”

(P22) and “along with simulations it would be great to have to practice
in our own time like a designated area” (P23), as well as having VR
as an option that students could avail of: “[VR] as an optional
choice” (P18).

DISCUSSION
As a result of VR's ability to provide an immersive medium
for learning, educators have and will continue to adopt and
develop innovative VR teaching and learning strategies. Al-
though the advantages of VR simulation are evident through-
out the literature, limited evidence was available on the usabil-
ity of incorporating VR simulation in nursing and midwifery
education. To obtain initial insights into the potential for using
VR technology for simulation training, in this usability study,
the potential effectiveness, efficiency, and user satisfaction
with VR simulation were explored.

Findings revealed that VR simulation was acceptable,
and many participants were satisfied with using VR to learn
about clinical scenarios. These findings are not surprising
given the ever-increasing numbers of VR users4 and the sup-
port within the literature demonstrating the effectiveness of
VR simulation training in delivering knowledge to students
in an interactive and engaging way when compared with
conventional training.10,11,43

Virtual reality is known to promote positive learning expe-
riences, with evidence of improved learning outcomes with
higher levels of immersion.44 Virtual reality being viewed as
CIN: Computers, Informatics, Nursing 821
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a safe environment to learn was highlighted as a positive as-
pect of use, a finding that is supported by the literature.11,34

Providing students with a safe environment to learn allows
for trial and error, an opportunity not afforded with real-life
patients.12,35 Virtual reality's ability to foster self-directed
learning without added pressure was also highlighted. Virtual
reality simulation with its ability to provide increased access
and flexibility,45 in particular, is useful in enabling students
to practice for a longer duration and to acquire clinical skills
that are not always experienced in the clinical setting.12More-
over, it is important to note that students who develop funda-
mental skills in virtual environments are more likely to con-
sider patient safety in clinical practice.46 Additional benefits
beyond the development of skills were identified in a recent
randomized controlled trial that found that VR promoted
knowledge retention, clinical reasoning, self-efficacy, and
greater satisfaction with the learning experience among
nursing students.47

In a recent systematic review and meta-analysis by Woon
et al,10 VRwas proposed as being suitable for supplementing
conventional teaching and learning methods rather than be-
ing used as a standalone approach. This is not without chal-
lenges and warrants further exploration. Indeed, challenges
to engaging with VR simulation were highlighted by current
study participants, particularly in relation to navigating the
VR environment and difficulties performing certain tasks.
This highlights the need for supervision and continuous feed-
back to prepare students to use VR, assist them during VR,
and debrief them following VR. Using VR in small rather than
large classes and allowing students to hire/use VR at their own
leisure in a designated area such as the library and computer
laboratory were all practical solutions put forward by nursing
students in previous research.35 Although not identified by cur-
rent study participants, the implementation of VR in nursing
and midwifery education serves as a learning curve for educa-
tors and has workload/teaching load implications—an issue
that warrants exploration in future research with educators.35

In addition to pedagogical and technological barriers when
seeking to optimize the user experience, there has been thought
given to social considerations. Factors that have been described
to influence the user experience with VR include age, sex,
sensation-seeking tendency, personal innovativeness, and geo-
graphical location.48 For example, younger users are more likely
to engage with a VR experience than older users,49 whereas
older users aremore likely to engagewith a non-immersive expe-
rience.50 Sex also plays a significant role in the design and univer-
sality of VR immersive experiences.51 A recent study highlighted
how males performed better when the VR avatar was a drone,
rendered as a futuristic robot, whereas females fared better
when the avatar was a female scientist.52

Recommendations for integrating VR simulation into
nursing and midwifery education revolved mainly around
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using VR in preparation for clinical practice and making
VR accessible. In their qualitative study with 26 nursing stu-
dents, Saab et al35 found that VR technology can potentially
facilitate learning, complement current educational approaches,
and provide nursing educators with novel and engaging means
of content delivery. Key to production and implementation
will be action and collaboration by disciplinary and technical
experts.51 Additionally, findings from the present study high-
light not only the positive potential for VR integration into
curricula but also the need for robust support systems and
pedagogies to enhance student learning. Virtual reality simu-
lation will deliver a new entry point for learning for students
and new horizons of teaching approaches for academics to
adopt as part of their practice.52 Keeping pace with health-
care developments will require an equally responsive and pro-
gressive approach to VR development to sustain the adoption
of this exciting technology in higher education.

Limitations
More than half of the participants were first-time VR users.
This could have led tomore favorable results and introduced
some degree of novelty bias.53 The use of non-probability
sampling and asking students to choose the VR scenario in-
crease the risk of self-selection bias and might have affected
their opinion of the usability of VR. Although the sample size
was large enough to detect usability problems,29 our study was
not sufficiently powered to explore confounding relationships
between sample characteristics and usability. Moreover, third-
and fourth-year nursing and midwifery students, who tend to
have more clinical experience, were underrepresented since
they were on clinical placement at the time of data collec-
tion. This, coupled with the fact that student participation
was sought from one university only, impacts negatively on
the generalizability and transferability of findings.

CONCLUSION
Despite some technical and logistical challenges, participants
were highly satisfied with VR simulation and recommended
its implementation in various educational contexts, particularly
as a resource to practice clinical skills, prepare for clinical place-
ments, and learn about situations that are seldom experienced
in clinical practice. Given the positive results from this usability
study, the development and integration of VR simulation in
nursing and midwifery education is recommended. However,
the space for VR needs to be primed a priori, particularly that
the development and deployment of VR simulation are re-
source heavy. For instance, the undertaking of a pilot study is
recommended to help identify the most effective means of
leveraging VR simulation and mitigate unforeseen problems.
Virtual reality simulation, although novel and engaging, be-
comes futile if not underpinned by a strong pedagogy and
aligned with learning outcomes. Finally, key stakeholders
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including students and educators need to be trained in VR
use prior to implementing VR simulation.
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