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ABSTRACT
The aim of this integrative review was to analyse the usage of different virtual reality (VR) technologies
in learning and user experiences (UXs) of these technologies in healthcare practice and education. The
integrative review was conducted in spring 2019 by searching eight international databases. The
searches retrieved n = 26 original articles that were quality checked and included for the review.
Three different VR technologies used in the field of healthcare education and practice were
identified: haptic device simulators, computer-based simulations and head-mounted displays
(HMDs). The haptic simulators were the most often used, whereas the HMD devices were the least-
used technology in the field of healthcare. In immersive virtual environments, UX includes ten
components. Most of the components were observed in the context of haptic devices and HMD
devices, with all ten components being observed with the HMD devices. Almost all of the
components were rated as positive. In conclusion, the development of VR technology has enabled
the creation of the most comprehensive UXs, thus enhancing skill development, enabling remote
access to training and, ultimately, improving patient safety. This review is important as it highlights
the need for far more UX research within immersive virtual environments.
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1. Introduction

Virtual reality (VR) technology is increasingly being used
in healthcare education and practice. It has also brought
numerous new learning opportunities (Shin 2017), for
example in surgery simulation and skill training (Pillai
and Mathew 2019). VR integrates real-time computer
graphics, sounds and other sensory inputs to create a
computer-generated world with which the user can
interact (Gregg and Tarrier 2007). VR is a technology
which can be used to implement serious games (SGs).
SGs are used for purposes other than solely for entertain-
ment (Susi, Johannesson, and Backlund 2007). Previous
studies have shown that SGs have potential in terms of
professional training. In healthcare, non-technical and
technical skills can be learned using SGs (Graafland,
Schraagen, and Schijven 2012). Different game elements
such as visual appearance, interactivity, immersion, feed-
back and competition may enhance learning (Koivisto
et al. 2016a). VR systems have been proven to improve
student performance (Alhalabi 2016). Also, Levett-
Jones, Cant, and Lapkin (2019) noted that immersive
and experimental simulations were the most effective
interventions. Today, new ways of learning are needed

because of the different needs of the diverse learners in
the healthcare sector, and VR can provide an immersive
and effective learning experience for health professionals
and students (Ferguson et al. 2015; Foronda et al. 2017).
Experiences relating to authentic patient situations are
considered the most motivating factors in VR healthcare
simulations (Koivisto et al. 2018). Previous research has
shown mainly positive attitudes towards training with
VR and SGs in the field of healthcare (Salovaara-Hiltu-
nen, Heikkinen, and Koivisto 2019). VR simulation can
also provide a safe and conducive environment for
healthcare professionals in which to practice new skills
and learning from mistakes without harming patient
safety (Akhtar et al. 2015; Pillai and Mathew 2019).

Interest in user experience (UX) research is also grow-
ing quickly in the field of healthcare and healthcare edu-
cation. When VR technologies are used in education,
the importance of UX has to be noted. As an emerging
technology, studies comparing the UXs of the different
VR technologies are relatively limited in the field of
healthcare. Most of the VR reviews in the field of health-
care have focused on describing the usage and benefits of
VR in different sections of healthcare practice and
education (e.g. Bracq, Michinov, and Jannin 2019a;
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Pillai and Mathew 2019; Ribeiro et al. 2016; Weiss et al.
2018). There exist no reviews on comparing comprehen-
sively UXs of different VR technologies used in the entire
healthcare section in the context of learning. Additionally,
there exist no studies on the UXs of VR in healthcare
through the lens of Tcha-Tokey et al.’s (2018) ten UX com-
ponents of which immersive virtual environments consist.
Technology has also developed enormously in the last dec-
ade. Therefore, it is important to investigate the UXs of
these new VR technologies. The subject is important,
because UX affects the user’s motivation and engagement,
which are possibly the most important elements of the
learning experience (Panagiotis and Pappas 2016). This
review presents examples of VR technologies that offer
the most user-centred and user-friendly designs, and thus
the best opportunities for learning. The review also reveals
how comprehensively the UX components have been
studied with the different VR technologies. The aim is to
analyse the usage of different VR technologies in learning
and the UXs of these technologies in healthcare practice
and education. The research questions are as follows:

1. What kinds of virtual reality technologies are used for
learning in healthcare practice and education?

2. What kinds of user experiences were there when
using the virtual reality technologies?

2. Background

2.1. Virtual reality

VR is a computer-generated simulation of a realistic
experience (Mann et al. 2018). VR can be defined as an
immersive multimedia or computer-simulated reality
(Ferguson et al. 2015) that can create a very immersive
experience for the user (Gaba 2007). Mandal (2013)
has described VR as a technology where the user inter-
acts with a computer-simulated environment. The VR
structure is three-dimensional (3D), which separates it
from traditional media.

Presence, interactivity and immersion are the key VR
components (Mandal 2013). Presence means the sense of
‘being there’ in the virtual environment rather than in a
real physical place (Johnson, Vorderstrasse, and Shaw
2009; Slater and Steed 2000). Interactivity is defined as
an interaction between the user and the virtual environ-
ment that enables the user to see the results of his or her
actions (Koivisto et al. 2018). Immersion is a psychologi-
cal state where the person interacts with an environment
that provides a continuous stream of stimuli and experi-
ences (Witmer and Singer 1998). There are two types of
immersion: mental and physical. Mental immersion
refers to a feeling of being involved in the experience,

whereas physical immersion refers to the VR system
replacing the stimuli to the user’s senses (Sherman and
Craig 2019). Different levels of immersion and the feel-
ing of presence are defined by the type and quality of
these computer-generated impressions. With different
technologies, different levels of immersion can be created
(Mandal 2013).

According to Mandal (2013), the technologies can be
divided into non-immersive desktop VR systems, semi-
immersive VR systems and immersive systems. Non-
immersive systems are the simplest type of VR with a
lower level of immersion. These systems do not need
any special devices, only a computer screen. On the
other hand, semi-immersive VR systems are an
enhanced version of desktop VR. These systems can pro-
vide, for example, head tracking and motion. Therefore,
the system may improve the user’s ‘sense of being there’
and provide better immersion. Finally, the most immer-
sive systems allow the user to be totally immersed in a 3D
world with head-mounted displays (HMDs). This
experience may be fully immersive by using auditory,
haptic and other non-visual technologies (Mandal 2013).

Computer-based simulations have often been used as
learning activities in healthcare practice and education
(Bracq, Michinov, and Jannin 2019a). This kind of technol-
ogy is used especially in nursing education (Foronda et al.
2017; Irwin and Coutts 2015; Koivisto et al. 2018; Padilha
et al. 2019; Pons Lelardeux et al. 2017; Verkuyl et al.
2017). These systems can provide real-time visualisation,
and the user interacts with the virtual environment,
which resembles the real world, but the user is not totally
immersed in it (Mandal 2013). Computer-based technol-
ogies enable interactive learning and the development of
different skills relevant to health professions (Binstadt
et al. 2007; Foronda et al. 2017; Peddle et al. 2019). Learners
can experience, for example, combining theoretical knowl-
edge with practice (Koivisto et al. 2016b), acquiring non-
technical skills (Bracq, Michinov, and Jannin 2019a;
Peddle et al. 2019), and receiving computer-generated feed-
back from their actions (Cant and Cooper 2014).

Haptic simulators have also become a very important
training alternative in healthcare because they allow
users to interact by adding a sense of touch to the simu-
lation and, at the same time, by creating more immersive
learning experiences and improving realism (Escobar-
Castillejos et al. 2016; Ruthenbeck and Reynolds 2015).
Haptic devices provide force feedback to the user about
the virtual objects’ physical and movements shown by
a computer screen and let the user feel what is happening
on the computer screen (Mandal 2013). Haptics help the
user to sense a natural or synthetic mechanical environ-
ment by touch, by applying forces, vibrations, or motions
to the user (Kim, Kim, and Kim 2017). Haptics have been
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used in the field of medical and surgical training for years
(Coles, Meglan, and John 2011; Ribeiro et al. 2016;
Ruthenbeck and Reynolds 2015; Ruthenbeck, Carney,
and Reynolds 2012) for developing fine motor skills
through such simulations (Corrêa et al. 2019).

The most immersive VR systems usually include
HMDs and hand controls (Mandal 2013). HMDs in
specific fields of healthcare practice and education are
still rarely used (Bracq, Michinov, and Jannin 2019a;
Fealy et al. 2019; Freina and Ott 2015), however their
use is growing rapidly (Weiss et al. 2018). This kind of
technology has been adopted in a variety of fields, for
example in medical education (Moro, Štromberga,
and Stirling 2017; Peden, Mercer, and Tatham 2016)
and nursing education and practice (Farra, Smith, and
Ulrich 2018; Elliman, Loizou, and Loizides 2016; Kleven
et al. 2014). By using a headset, the user can move and
turn in the 3D space, as if they were actually there.
Also, the digital setting responds directly to the user’s
movements (Johnson-Glenberg 2018). HMD technology
can provide total immersion for the user (Mandal 2013).
HMDs with hand controls have been shown to positively
affect learning, because of their capability to allow crea-
tive and kinaesthetic manipulation of the content (John-
son-Glenberg 2018). The main advantage for all of the
aforementioned technologies used in healthcare, is the
opportunity to practice in a safe way and learn frommis-
takes without harming real patients (Elliman, Loizou,
and Loizides 2016; Koivisto et al. 2017; Ruthenbeck
and Reynolds 2015).

2.2. User experience

The UX concept has a wide variety of different meanings.
UX is a mix of a subjective, situated, complex and
dynamic concepts. It is a consequence of a user’s internal
state (motivation, mood, expectations etc.), the charac-
teristics of the system (usability, functionality etc.) and
the context where the interaction happens (organis-
ational or social setting, voluntariness of use etc.) (Has-
senzahl and Tractinsky 2006). UX contributes to the
user’s feeling of actually using the product (Sáenz-de-
Urturi, García Zapirain, and Méndez Zorrilla 2015)
and how the product works when the person interacts
with it (Garrett 2011). Zahidi, Lim, and Woods (2014)
noted that the UX factors which affect user satisfaction
are visual design, a fascinating presentation of the con-
tent, updated and credible content, an immersive experi-
ence, simple and direct navigation and social media
integration. Additionally, Salovaara-Hiltunen, Heikki-
nen, and Koivisto (2019) noted that UX is a very individ-
ual and emotive concept.

Tcha-Tokey et al. (2018), identified ten UX com-
ponents in immersive virtual environments, namely:
presence, engagement, immersion, flow, usability, skill,
emotion, experience consequence, judgement and tech-
nology adoption. We have already defined presence
and immersion in terms of VR components. Engagement
is energy in action – the connection between the user and
the user’s activity consisting of behavioural, emotional
and cognitive forms (Tcha-Tokey et al. 2019). The
more actively the user participates, the more engaged
he or she will be in the situation (Guise et al. 2012)
while, flow is defined as a pleasant psychological state
of a sense of control, fun and joy (Tcha-Tokey et al.
2019). Usability includes themes such as the ease of use
and system efficacy (Fanfarelli, McDaniel, and Crossley
2018). Ease of use refers to the level of effort required
to use a specific system (Davis 1989).

Skill is described as the knowledge the user gains by
managing his or her activity, and emotion refers to the
user’s feelings when using the virtual environment
(Tcha-Tokey et al. 2019). The users’ negative emotions,
attitudes and experiences might erode the user’s positive
attitude toward the VR experience. Using a poor product
which essentially unusable may cause frustration, annoy-
ance or even anger in the user (Fanfarelli, McDaniel, and
Crossley 2018). Experience consequence means simu-
lator sickness. It involves different symptoms that can
be caused by high-fidelity visual simulators such as fati-
gue, nausea, headaches and eyestrain (Kennedy and Lane
1993). Additionally, judgement is described as the overall
experience of the virtual environment (Tcha-Tokey et al.
2019), while technology adoption is a key UX com-
ponent and refers to the actions and decisions of the
user regarding his or her future intention to use the pro-
duct (Venkatesh et al. 2003).

According to Salovaara-Hiltunen, Heikkinen, and
Koivisto (2019), usability is important in players’ experi-
ences, and it affects all the other UX dimensions. Like-
wise, Koivisto et al. (2016b) noted that usability has a
great impact on students’ learning, for example, in
terms of learning effectiveness and their overall learning
experience (Orfanou, Tselios, and Katsanos 2015). It has
also been argued that authenticity, interaction and feed-
back enhance learning (Koivisto et al. 2016a). A higher
level of immersion may increase learning (Alhalabi
2016; Farra, Smith, and Ulrich 2018; Webster 2016).
However, some previous studies have argued against
this (Hamari et al. 2016; Makransky, Terkildsen, and
Mayer 2019). On the other hand, engagement and chal-
lenge positively affect learning (Hamari et al. 2016).
Moreover, users are more satisfied with more interactive
ways of learning (Dankbaar et al. 2014).
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3. Method

3.1. Integrative review

An integrative review is a specific review method which
includes both empirical and theoretical literature. There-
fore, it can provide a more comprehensive understand-
ing of a specific phenomenon or healthcare problem
and it allows for the inclusion of qualitative and quanti-
tative methodologies (Whittemore and Knafl 2005). The
analysis of this review included the following steps: (1)
identification of the problem, (2) systematic research of
the literature, (3) comprehensive evaluation of the data,
(4) data analysis and (5) data presentation.

3.2. Search strategy

An electronic search was conducted in spring 2019 with
the help of an informatician. The literature search
included the following databases: PubMed/Medline,
CINAHL, ERIC (EBSCO), Cochrane Library, Web of
Science, Scopus, Association of Computing Machinery
and the IEEE/IEE Electronic Library, without any limit-
ations. The following search terms and their different
combinations were used: ‘nursing student’, ‘healthcare
education’, ‘healthcare professional’, ‘virtual reality’, ‘vir-
tual simulation’, ‘web-based simulation’, ‘computer-
based simulation’, ‘simulation game’, ‘game-based simu-
lation’, ‘screen-based simulator’, ‘augmented reality’, ‘vir-
tual patient’, ‘simulation game’, ‘user experience’ and
‘usability’ with the Boolean operators (AND, OR). In
the review, MeSH terms were also used. In addition, a
manual search was conducted on the references of the
included articles. No limitations were used in the search.

The inclusion criteria for this review were as follows:
(1) qualitative or quantitative studies that involved
different disciplines of healthcare workers or nursing/
medical students; (2) studies that described healthcare
workers or nursing/medical students’ UXs or the usabil-
ity of different VR technologies; (3) studies that
described different VR technologies in learning contexts;
and (4) studies which had empirical material; and (5)
studies where technology was defined by the authors as
three-dimensional or as VR. The exclusion criteria
were as follows: (1) studies where the technology was
defined as two-dimensional or as augmented reality
(AR); (2) studies which did not focus on a learning con-
text; (3) studies which were reviews; and (4) studies
which described patients’ or healthcare teachers’ UXs.
Non-scientific and anecdotal papers were excluded.

3.3. Literature research outcomes

All researchers in the research group participated in the
entire process of this integrative literature review. The

search involving the electronic databases identified 741
articles for review. After two reviewers (HM, SH)
screened the results by title and abstract, 271 articles
were found to be potentially relevant to the full-text
review by three authors (HM, SH, JMK). All duplicates
were deleted. The next phase involved reading the full-
text manuscripts and 26 articles were found which met
the inclusion criteria. The final number of articles
included in this review is 26 (Table 1 in the Appendix).
An additional search was conducted among the refer-
ences documented in the included papers and there
were no more relevant articles found for the full
review. Figure 1 shows the whole process of the literature
search.

3.4. Quality evaluation

Separate appraisal tools made by the Joanna Briggs Insti-
tute (JBI) was used for each included study type: cross
sectional (5 questions), quasi-experimental (9 questions),
cohort studies (8 questions), randomized controlled trial
(13 questions) or qualitative (10 questions) studies (JBI
2019). Two researchers (HM, SH) separately evaluated
all the included articles. Subsequently, the researchers
reached a consensus about the quality of the included
articles. Quality was quantified by assigning a 0 (not
mentioned or unclear) to 1 (mentioned) score per cri-
terion question. The majority of the articles were rated
as being of fair quality (Benham-Hutchins and Lall
2015; Chow 2012; Chow et al. 2012; Koo et al. 2015;
Polivka et al. 2019; Reznek, Rawn, and Krummel 2002;
Süncksen et al. 2018) to good quality (Awtrey et al.
2015; Bracq et al. 2019b; Butt, Kardong-Edgren, and
Ellertson 2018; Chow 2016; Färber et al. 2009; Girod
et al. 2016; Johannesson et al. 2013; Kardong-Edgren
et al. 2019; Kidd, Knisley, and Morgan 2012; Kurenov
et al. 2017; Leung et al. 2013; Nicolaidou et al. 2015;
Padilha et al. 2018; Prasad et al. 2018; Sankaranarayanan
et al. 2011; Schvartzman et al. 2014; Schwaab et al. 2011;
Verkuyl, Betts, and Sivaramalingam 2019; Vottero 2014)
(Table 1 in the Appendix). The main factors which
impacted the quality scores related to the lack of clear
inclusion or exclusion criteria or to the study setting hav-
ing been poorly described. Some of the studies did not
use validated instruments, and some did not describe
the reasons for the loss of follow-ups, or the possible
impacts of the results. Upon the completion of the qual-
ity appraisal, no studies were excluded.

3.5. Data analysis

General information from the selected studies was gath-
ered and placed in Table 1 in the Appendix. It included
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the information about the authors, publishing year, study
aim, participants, and methods. First, the researchers
identified the VR technologies used in the studies
based on their level of immersion according to Mandal
(2013) and gathered together the findings, placing
them in Table 1 in the Appendix. Then, these technol-
ogies were classified into three different groups
(Table 1). With the second research question, Tcha-
Tokey et al.’s (2018) model of User Experience in
Immersive Virtual Environments consisting of ten com-
ponents was used as a deductive framework for the
analysis (Elo and Kyngäs 2008). The deductive frame-
work was selected because the model was newly devel-
oped and focused precisely on UXs in immersive
virtual environments. In the next phase, the categoris-
ation matrix was built. The data was extracted from pri-
mary sources using different data-extraction methods for

qualitative and quantitative data (Whittemore and Knafl
2005). Two researchers (HM, JMK) searched for all of
the positive and negative statements in the studies that
were indicative of Tcha-Tokey et al.’s (2018) ten UX
components in virtual environments. These statements
were collected in a categorisation matrix. First, every
used rating scale was identified. Most of the rating scales
were Likert-type scales, a few were System Usability
Scales and there was a percent (%) scale. The quantitative
data for each study was converted into a percentage
ranking from 0% to 100%. The experience was defined
as positive if the percentage was higher than 50%. Simi-
larly, it was defined as a negative experience if the per-
centage was lower than 50%. In the results section,
along with quantitative data, qualitative data was ana-
lysed with themes using a deductive categorisation
matrix.

Figure 1. PRISMA Flow diagram of the literature search.
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4. Results

4.1. Description of the studies

All of the studies were published between 2002 and 2019
(Figure 2). The studies were conducted in the USA
(Awtrey et al. 2015; Benham-Hutchins and Lall 2015;
Butt, Kardong-Edgren, and Ellertson 2018; Girod et al.
2016; Kardong-Edgren et al. 2019; Kidd, Knisley, and
Morgan 2012; Koo et al. 2015; Kurenov et al. 2017;
Polivka et al. 2019; Reznek, Rawn, and Krummel 2002;
Sankaranarayanan et al. 2011; Schvartzman et al. 2014;
Schwaab et al. 2011; Vottero 2014), Hongkong (Chow
2012, 2016; Chow et al. 2012), Canada (Leung et al.
2013; Verkuyl, Betts, and Sivaramalingam 2019),

Germany (Färber et al. 2009; Süncksen et al. 2018),
France (Bracq et al. 2019b), Sweden (Johannesson et al.
2013), Greece (Nicolaidou et al. 2015), Portugal (Padilha
et al. 2018) and India (Prasad et al. 2018).

The studies were aimed at evaluating the UX of the
system (Benham-Hutchins and Lall 2015; Girod et al.
2016; Johannesson et al. 2013; Koo et al. 2015; Nicolai-
dou et al. 2015; Schvartzman et al. 2014; Schwaab et al.
2011; Süncksen et al. 2018), determining the validity of
the system (Awtrey et al. 2015; Prasad et al. 2018;
Reznek, Rawn, and Krummel 2002; Sankaranarayanan
et al. 2011), evaluating the usability or ease of use of
the system (Butt, Kardong-Edgren, and Ellertson 2018;
Chow 2012, 2016; Chow et al. 2012; Kardong-Edgren

Table 1. VR user experiences (The numbers refer to the number of the article).

User experience
component

Haptic device
: 1. Awtrey et al. 2015; 8. Färber et al. 2009;

9. Girod et al. 2016; 10. Johannesson et al. 2013
(Qualitative); 13. Koo et al. 2015; 14. Kurenov
et al. 2017; 15. Leung et al. 2013; 19. Prasad et al.
2018; 20. Reznek, Rawn, and Krummel 2002; 21.
Sankaranarayanan et al. 2011; 22. Schvartzman

et al. 2014

Computer-based:
2. Benham-Hutchins and Lall 2015; 5. Chow et al.
2012; 6. Chow 2012; 7. Chow 2016; 12. Kidd,
Knisley, and Morgan 2012; 16. Nicolaidou et al.
2015; 17. Padilha et al. 2018; 18. Polivka et al.

2019; 23. Schwaab et al. 2011; 25. Verkuyl, Betts,
and Sivaramalingam 2019

Head-mounted display (HMD):
3. Bracq et al. 2019b; 4. Butt,
Kardong-Edgren, and Ellertson
2018; 11. Kardong-Edgren et al.
2019; 24. Süncksen et al. 2018;

26. Vottero 2014
Positive Negative N/A Positive Negative N/A Positive Negative N/A

Presence 1; 8; 9; 14; 19;
21; 22

13; 15; 20 6; 7 2; 5; 12; 16; 17;
18; 23; 25

3 4; 11;
24; 26

Engagement 8; 14; 21 1; 9; 13; 15; 19;
20; 22

16 2; 5; 6;
7; 12; 17; 18;
23; 25

11 3; 4; 24;
26

Immersion 1; 8; 15;
19; 20; 21

9; 13; 14; 22 23 2; 5; 6; 7; 12; 16;
17; 18; 25

3; 26 4; 11; 24

Flow 8; 19; 22 1; 9; 13; 14; 15;
20; 21

16 2; 5; 6; 7; 12; 17;
18; 23; 25

4; 11 3; 24; 26

Skill 1; 8; 14;
19; 20; 21; 22

13 9; 15 5; 12; 23 2; 6; 7; 16; 17; 18;
25

4 3; 11; 24;
26

Emotion 9; 13 1; 8; 14; 15; 19;
20; 21; 22

2; 5; 6; 7; 12; 16;
17; 23; 24; 25

3; 11 4; 24; 26

Usability 9; 13; 19; 22 20 1; 8; 14; 15; 21 5; 6; 7; 12; 16; 17;
18; 23; 25

2 4; 11 3 24; 26

Technology
Adoption

1; 8; 13; 15; 19;
20; 21; 22

9; 14 5; 6; 16; 17; 18;
23; 25

2; 7; 12 3; 4; 11;
24

26

Judgement 1; 8; 9; 13; 14; 15;
19; 20; 21; 22

2; 5; 6; 7; 12; 16;
17; 18; 23; 25

11; 26 3; 4; 24

Experience
Consequence

1; 8; 9; 13; 14; 15;
19; 20; 21; 22

2; 5; 6; 7; 12; 16;
17; 18; 23; 25

3 4; 11;
24; 26

Figure 2. VR technologies used in healthcare in the reviewed studies, by publication year.
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et al. 2019; Padilha et al. 2018; Polivka et al. 2019; Ver-
kuyl, Betts, and Sivaramalingam 2019), assessing user
acceptance and the effectiveness of the system (Bracq
et al. 2019b; Färber et al. 2009; Kidd, Knisley, and Mor-
gan 2012; Kurenov et al. 2017), evaluating the feasibility
of the system (Vottero 2014) and developing the system
(Leung et al. 2013).

The total sample of studies consisted of qualitative
(Johannesson et al. 2013), quantitative (Awtrey et al.
2015; Chow 2012, 2016; Chow et al. 2012; Färber et al.
2009; Girod et al. 2016; Kardong-Edgren et al. 2019;
Kidd, Knisley, and Morgan 2012; Koo et al. 2015; Kure-
nov et al. 2017; Leung et al. 2013; Padilha et al. 2018;
Polivka et al. 2019; Prasad et al. 2018; Reznek, Rawn,
and Krummel 2002; Sankaranarayanan et al. 2011;
Schvartzman et al. 2014; Schwaab et al. 2011; Süncksen
et al. 2018) and mixed method (Benham-Hutchins and
Lall 2015; Bracq et al. 2019b; Butt, Kardong-Edgren,
and Ellertson 2018; Nicolaidou et al. 2015; Verkuyl,
Betts, and Sivaramalingam 2019; Vottero 2014) papers.
The qualitative studies used interviews and blogpost
analysis as a method (Benham-Hutchins and Lall 2015;
Johannesson et al. 2013). The majority of the quantitat-
ive studies used a cross-sectional method (Awtrey et al.
2015; Bracq et al. 2019b; Chow 2012, 2016; Chow et al.
2012; Girod et al. 2016; Kardong-Edgren et al. 2019;
Kidd, Knisley, and Morgan 2012; Kurenov et al. 2017;
Leung et al. 2013; Nicolaidou et al. 2015; Padilha et al.
2018; Prasad et al. 2018; Sankaranarayanan et al. 2011;
Schvartzman et al. 2014; Schwaab et al. 2011; Süncksen
et al. 2018; Verkuyl, Betts, and Sivaramalingam 2019;
Vottero 2014). There were also quasi-experimental
studies (Butt, Kardong-Edgren, and Ellertson 2018;

Färber et al. 2009), randomised controlled trials (Koo
et al. 2015; Polivka et al. 2019) and a cohort study
(Reznek, Rawn, and Krummel 2002).

The sample sizes varied from 3 to 426 in the quanti-
tative studies and from 7 to 90 in the mixed method
studies. In the qualitative study, the sample size was
ten. The participants in the studies consisted of surgeons
(Leung et al. 2013; Sankaranarayanan et al. 2011;
Schvartzman et al. 2014), medical residents, trainees or
fellows (Girod et al. 2016; Kurenov et al. 2017; Schwaab
et al. 2011), healthcare students (Benham-Hutchins and
Lall 2015; Butt, Kardong-Edgren, and Ellertson 2018;
Chow 2012, 2016; Chow et al. 2012; Färber et al. 2009;
Johannesson et al. 2013; Kidd, Knisley, and Morgan
2012; Koo et al. 2015; Padilha et al. 2018; Verkuyl,
Betts, and Sivaramalingam 2019), and other healthcare
faculty (Bracq et al. 2019b; Nicolaidou et al. 2015; Sünck-
sen et al. 2018; Vottero 2014). In some studies, the par-
ticipants were in mixed groups, for example, nursing
students and nursing faculty or medical residents and
surgeons together (Awtrey et al. 2015; Kardong-Edgren
et al. 2019; Polivka et al. 2019; Prasad et al. 2018; Reznek,
Rawn, and Krummel 2002).

4.2. Virtual reality technologies in healthcare

In this integrative literature review, three types of VR
technologies were identified as being used for healthcare
learning (Figure 3). Haptic simulators were found to be
the most used technologies for healthcare learning. The
second most used technologies were computer-based
simulators. HMD systems were identified in five studies.

Haptic simulators were mostly used in surgical train-
ing or medical education (Awtrey et al. 2015; Färber et al.
2009; Girod et al. 2016; Kurenov et al. 2017; Leung et al.
2013; Prasad et al. 2018; Reznek, Rawn, and Krummel
2002; Sankaranarayanan et al. 2011; Schvartzman et al.
2014). Some studies were found where a haptic device
was also used in nursing studies (Johannesson et al.
2013) and in dental studies (Koo et al. 2015). Different
haptic or surgical simulators were used in training for
surgery (Awtrey et al. 2015; Kurenov et al. 2017; Leung
et al. 2013; Prasad et al. 2018; Sankaranarayanan et al.
2011; Schvartzman et al. 2014), lumbar punctures (Fär-
ber et al. 2009), intravenous (IV) insertions (Reznek,
Rawn, and Krummel 2002), mandibular fracture
reductions (Girod et al. 2016), urethral catheterisations
(Johannesson et al. 2013) and tooth preparation (Koo
et al. 2015).

Computer-based simulations were mostly used in
nursing education or when training healthcare faculty
(Benham-Hutchins and Lall 2015; Chow 2012, 2016;
Chow et al. 2012; Kidd, Knisley, and Morgan 2012;

Figure 3. VR technologies used for learning in healthcare in the
reviewed studies.
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Nicolaidou et al. 2015; Padilha et al. 2018; Polivka et al.
2019; Verkuyl, Betts, and Sivaramalingam 2019). In one
study, computer-based VR technology was used in train-
ing medicine residents (Schwaab et al. 2011). The Second
Life three-dimensional online virtual world was the most
used computer platform for learning on (Benham-
Hutchins and Lall 2015; Chow 2012, 2016; Chow et al.
2012; Kidd, Knisley, and Morgan 2012; Schwaab et al.
2011). Additionally, a few SGs were also identified (Nico-
laidou et al. 2015; Padilha et al. 2018; Polivka et al. 2019;
Verkuyl, Betts, and Sivaramalingam 2019), such as the
VETM, the Body Interact and The Home Healthcare
Virtual Simulation Training System. These computer-
based virtual technologies were used, for example, in
training nursing or healthcare actions (Benham-Hutch-
ins and Lall 2015; Chow 2012, 2016; Chow et al. 2012;
Kidd, Knisley, and Morgan 2012), for practicing
decision-making skills or making clinical diagnoses
(Nicolaidou et al. 2015; Padilha et al. 2018; Polivka
et al. 2019; Schwaab et al. 2011; Verkuyl, Betts, and Sivar-
amalingam 2019).

HMD simulations were used for training healthcare
faculty (Bracq et al. 2019b; Süncksen et al. 2018; Vottero
2014) and nursing students (Butt, Kardong-Edgren, and
Ellertson 2018) or both (Kardong-Edgren et al. 2019).
Three different HMD devices used in learning were
identified from the literature: HTC Vive (Bracq et al.
2019b; Süncksen et al. 2018), Oculus Rift (Butt, Kar-
dong-Edgren, and Ellertson 2018; Kardong-Edgren
et al. 2019) and CAVE98 (Vottero 2014). The HMD
devices were used in medical imaging training (Süncksen
et al. 2018), teaching surgical procedures (Bracq et al.
2019b), training on urinary catheterisations (Butt, Kar-
dong-Edgren, and Ellertson 2018; Kardong-Edgren
et al. 2019) and teaching about medication withdrawal
(Vottero 2014). Figure 4 shows the use of the VR tech-
nologies in different contexts.

4.3. User experiences of the virtual reality
simulators

In this integrative review, ten UX components in the
different VR environments were examined in (1) compu-
ter-based technologies, (2) haptic device simulators and
(3) HMD technologies (Table 1). Generally, in all three
technologies, usability and technology adoption were
the most examined UX areas and mostly ranked as posi-
tive experiences. There were only a few negative experi-
ences with every technology. Each of the negative
experiences concerned usability (Benham-Hutchins
and Lall 2015; Bracq et al. 2019b; Reznek, Rawn, and
Krummel 2002) or skill (Koo et al. 2015). Experience con-
sequence was the least examined concept in the area of

UX. Only one study reported studying simulation sick-
ness (Bracq et al. 2019b).

With haptic device simulators, the components which
appeared in the studies most often and were also ranked
as positive were as follows: technology adoption (Awtrey
et al. 2015; Färber et al. 2009; Koo et al. 2015; Leung et al.
2013; Prasad et al. 2018; Reznek, Rawn, and Krummel
2002; Sankaranarayanan et al. 2011; Schvartzman et al.
2014), presence (Awtrey et al. 2015; Färber et al. 2009;
Girod et al. 2016; Kurenov et al. 2017; Prasad et al.
2018; Sankaranarayanan et al. 2011; Schvartzman et al.
2014), immersion (Awtrey et al. 2015; Färber et al.
2009; Leung et al. 2013; Prasad et al. 2018; Reznek,
Rawn, and Krummel 2002; Sankaranarayanan et al.
2011), gaining skill in the specific tasks (Awtrey et al.
2015; Färber et al. 2009; Kurenov et al. 2017; Prasad
et al. 2018; Reznek, Rawn, and Krummel 2002; Sankara-
narayanan et al. 2011; Schvartzman et al. 2014) and
usability (Girod et al. 2016; Koo et al. 2015; Prasad
et al. 2018; Schvartzman et al. 2014). Engagement (Färber
et al. 2009; Kurenov et al. 2017; Sankaranarayanan et al.
2011), flow (Färber et al. 2009; Prasad et al. 2018;
Schvartzman et al. 2014) and emotion (Girod et al.
2016; Koo et al. 2015) were examined only in a few
studies. For example, in Johannesson et al.’s (2013)
study, the qualitative results showed that participants
felt that they learned to use their hands in a proper
way to perform the specific task by using the haptic tech-
nology. Participants noted that they were able to feel
resistance due to the different degrees of pressure.
They also mentioned that the situation felt real and auth-
entic. Again, the studies indicate that the overall judge-
ment or experience consequences were the UX
components that did not appear at all with haptic devices
in the studies.

With the computer-based simulations usability
(Chow 2012, 2016; Chow et al. 2012; Kidd, Knisley,
and Morgan 2012; Nicolaidou et al. 2015; Padilha et al.
2018; Polivka et al. 2019; Schwaab et al. 2011; Verkuyl,
Betts, and Sivaramalingam 2019) and technology adop-
tion (Chow 2012; Chow et al. 2012; Nicolaidou et al.
2015; Padilha et al. 2018; Polivka et al. 2019; Schwaab
et al. 2011; Verkuyl, Betts, and Sivaramalingam 2019)
were the most examined UX areas and mostly ranked
as positive experiences. There were a few studies which
indicated the UX’s positive effect of gaining skill with
computer-based technologies (Chow et al. 2012; Kidd,
Knisley, and Morgan 2012; Schwaab et al. 2011) and
just a few studies showed that users felt presence with
computer-based technology (Chow 2012, 2016). Other-
wise, the other six components (engagement, immersion,
flow, emotion, judgement, experience consequence) were
mentioned only once or not at all. The qualitative data
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revealed that participants reported that the simulation
table was easy to use and useful for gaining clinical skills
(Verkuyl, Betts, and Sivaramalingam 2019). Participants
also felt that the simulations were realistic (Kidd, Knis-
ley, and Morgan 2012; Verkuyl, Betts, and Sivaramalin-
gam 2019). However, several concerns related to
technical problems such as navigational issues, technol-
ogy problems related to their personal computer specifi-
cations, usability issues or the participant being unable to
do some specific tasks (Benham-Hutchins and Lall 2015;
Nicolaidou et al. 2015; Verkuyl, Betts, and Sivaramalin-
gam 2019).

With HMDs, every UX component was examined.
Technology adoption and usability were studied the
most and ranked as positive (Bracq et al. 2019b; Butt, Kar-
dong-Edgren, and Ellertson 2018; Kardong-Edgren et al.
2019; Süncksen et al. 2018). The studies also noted that
emotion (Bracq et al. 2019b; Kardong-Edgren et al.
2019), engagement (Kardong-Edgren et al. 2019), immer-
sion (Bracq et al. 2019b; Vottero 2014), flow (Butt, Kar-
dong-Edgren, and Ellertson 2018; Kardong-Edgren et al.
2019) and judgement (Kardong-Edgren et al. 2019; Vot-
tero 2014) were evaluated as positive. Presence (Bracq
et al. 2019b) and skill (Butt, Kardong-Edgren, and Ellert-
son 2018) were noted only in one study, but rated also as
positive. In Bracq et al.’s (2019b) study, experience conse-
quence (simulation sickness) was rated as low (in Table 1
it is marked as positive). Additionally, the qualitative data
identified themes such as fun (emotion) and engagement
(engagement) when using a VR system (Butt, Kardong-
Edgren, and Ellertson 2018).

5. Discussion

The aim of this study was to analyse the usage of different
VR technologies in learning and the UXs of these

technologies in healthcare practice and education. The
first research question in this study sought to determine
what kinds of VR technologies are used for learning in
healthcare practice and education. After reviewing all
of the included studies, three different VR technologies
used in the field of healthcare were recognised based
on their immersion level according to Mandal (2013).
All of the studies were written from 2002 to 2019. It
should be noted that the technology has developed enor-
mously during the decade. The development of software
and hardware has radically increased the possibility of
creating realistic immersive simulations. This is why
there might also be differences in the UXs. This review
is the first to widely examine different VR technologies
through the lens of Tcha-Tokey et al.’s (2018) ten UX
components. The study contributes to our understand-
ing of the UXs of different VR technologies and helps
utilise these findings in healthcare practice and
education.

The second question in this research concerned the
investigation of what kinds of UXs occur as a result of
using VR technologies. The results showed that almost
all of the observed UX components were rated as posi-
tive. Negative experiences mostly concerned the usability
of the technology. The reason for this might be because
the usability was the most investigated UX component.
This might partly be explained by the fact that a few of
these systems were not so easy to use from the users’
point of view, and this finding is consistent with that
of Fanfarelli, McDaniel, and Crossley (2018). These
findings may help us to understand that the newest VR
technologies may be challenging for novel users.

One interesting finding in this review was that usabil-
ity and technology adoption were the most observed UX
components in every technology. The result is consistent
with that of Salovaara-Hiltunen, Heikkinen, and

Figure 4. VR technologies in healthcare in the reviewed studies, by learning context.
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Koivisto (2019), who noted that usability plays a very
important role in users’ overall experience. They pointed
out that it affects all the other UX dimensions. Addition-
ally, these results reflect those of Koivisto et al. (2016b),
who also found that usability has been shown to have a
great impact on learning. Therefore, it can be assumed
that, in the future, it will be very important to investigate
the usability of the products, especially in the learning
context. The existence of numerous usability studies
might be the direct consequence of the multitude of
different instruments now available for measuring pro-
duct usability or technology adoption.

In this review, the most used technology in the field of
healthcare was the haptic device, which was also
confirmed by Coles, Meglan, and John (2011). The
results showed positive UXs in many aspects. Comparing
haptic device simulators with computer-based simu-
lations, haptic devices showed greater potential for creat-
ing more immersive and engaging virtual learning
environments. Another finding from the results was
that the users also felt more presence and positive feel-
ings around gaining skills with haptic devices than
with computer-based simulations. A possible expla-
nation for this might be that haptic devices provide
force feedback about the physical properties and move-
ments of the virtual objects (Mandal 2013). These
findings may help us to understand, that because of the
nature of a more immersive system, haptic devices pro-
vide a better opportunity to study about UXs in immer-
sive virtual environments than with computer-based
simulations.

The current review indicated that the ten UX com-
ponents were least examined in relation to computer-
based technologies. This may be explained by the fact
that, according to Mandal (2013), computer-based tech-
nologies are the simplest types of VR applications, which
enable a lower level of immersion for the user. These
lower level applications stimulate only one or a few
senses at a time. The quality of these technologies
might often be very low and the information unsynchro-
nised. The results of this study showed that usability
issues and technical problems caused frustration in the
participants, and earlier studies also confirmed this
finding (e.g. Fanfarelli, McDaniel, and Crossley 2018).
This might be a reason for the participants stopping
their use of the product.

In this review, only five studies were found which used
HMDs as a VR technology. However, it has to be noted
that these studies were the newest ones in the set, mostly
published from 2018 to 2019. A possible explanation for
this might be that the HMD technology is comparatively
new in the field of healthcare, and thus, there are not yet
many studies in this field. However, all of the ten UX

components were investigated with respect to HMD
devices. This might be due to the HMD devices being
the most immersive VR systems and that they enable
the user to be totally immersed in the computer-generated
world (Mandal 2013). With this kind of technology, the
most immersive and realistic experience can be provided
for the user. This result reflects former studies such as that
of Farra, Smith, and Ulrich (2018) who found that a
higher level of immersion may increase learning out-
comes, thus providing safer care for patients. This
finding suggests that more higher-level immersion sys-
tems should be developed for healthcare practice and edu-
cation for learning. Also, HMD devices were the only VR
technologieswhere theUXcomponent of experience con-
sequence (simulator sickness) was explored. The reason
why the experience consequence is investigated with
HMD devices may be explained by simulator sickness
occurring more often with these technologies. The
HMD helmet may be heavy or otherwise distressing for
users who are not used to these kinds of devices, which
was confirmed by Kennedy and Lane (1993).

The usage of VR technologies for learning in health-
care practice and education has increased, but UX
studies in this field are still quite limited. Earlier studies
have shown that UX has a great impact on learning and
motivation (e.g. Hamari et al. 2016; Koivisto et al.
2016b). However, every VR experience is unique and
different, as all the VR events happen in the minds of
the users. Every person brings their own capabilities,
background, history and experiences to the virtual
world in their own unique way (Sherman and Craig
2019). Currently, VR still has some issues with realism
and usability, but the rapid development of the technol-
ogy may clear up this problem in the future. Thus, VR
technologies have great potential in the field of health-
care practice and education. In the future, the number
and the use of HMDs will grow notably. Additionally,
users will become more familiar with and accustomed
to HMD technology when it becomes more common.
However, the present study raises the issue that more
research on the multidimensional concept of UX is still
required, as the use of the newest HMD technology
differs considerably from other technologies and the
quality of the different interactive technologies depends
on user-centric designs.

This study has numerous practical implications, from
the point of view of educators, healthcare workers, stu-
dents, organisations and patients. For example, educa-
tors in healthcare practice and education may benefit
from the results of this review, by being able to choose
more suitable technologies for teaching, which could
therefore improve learning outcomes. Hence, the more
extensively the UXs are taken note of, the better the
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learning experiences the technology may be able to offer
to the users. It follows then, that healthcare practitioners
and students could benefit from the results. From an
organisational point of view, these findings can be used
to help guide better practice to offering the best technol-
ogies for learning and skill development, ultimately
ensuring safer healthcare. The study highlights the
need to understand the relevance of UX. Better UXs
lead to better learning which may promote positive
patient outcomes, better care and safety practices. With
improved education, improved patient outcomes will fol-
low. These findings provide insights for future research
to study the concept of UX more widely in the field of
immersive virtual environments, not just in terms of
usability or technology adoption.

6. Strengths and limitations

The whole review process and the formation of the
research questions were carried out systematically and
with a high degree of scientific integrity. Although this
integrative review represents the existing literature sys-
tematically, some limitations might be present. The
first limitation relates to the selected search terms.
During this review, it turned out that there was an emer-
ging large amount of terminology relating to the VR con-
cept. Thus, the first step was to clearly define the term
‘virtual reality’. Our keyword combinations were broad
and this integrative literature research was focused on
multiple different international databases with the help
of the informatics specialist. However, some relevant lit-
erature from other sources might have been unlocated,
thus reducing reliability. Moreover, there were three
researchers involved in the whole literature search pro-
cess, which may have affected the reliability of this review
positively. This second limitation pertains to the risk of
bias in including and excluding articles, even with the
predefined criteria in place. Additionally, it has to be
noted that a relatively large number of studies was dis-
covered because of the wide definition of the concept
and that was also why the reviewers had to read hun-
dreds of articles just to be sure that the articles were suit-
able for the purpose of this review. For the data analysis,
there were three researchers who analysed the data, first
separately, and afterwards, together, which may have
improved the reliability of the data analysis. Finally, all
the decisions were made in the research group by all
four researchers in concurrence.

7. Conclusion

This study has identified three different VR technologies
used in the field of healthcare education and practice:

haptic device simulators, computer-based simulations
and HMDs, of which haptic devices were used most
often. The HMD devices were the least used technology
in the field of healthcare. There was some variation in
the number of UX components observed with each tech-
nology. Most of the UX components were observed in the
context of haptic devices and HMD devices. All ten UX
components were observed with the HMD devices. In
conclusion, the development ofVR technologywill enable
the creation of the most comprehensive experience for its
users, thus enhancing skill development, enabling remote
access to training, creating novel training methods and,
ultimately, improving patient safety. This reviewof the lit-
erature is important in order to highlight the need for
more UX research within immersive virtual
environments.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was supported by the Häme Foundation for Pro-
fessional Higher Education and Research.

ORCID

Elina Haavisto http://orcid.org/0000-0002-9747-1428
Jaana-Maija Koivisto http://orcid.org/0000-0001-5846-
9360

References

Akhtar, K., K. Sugand, A. Wijendra, N. Standfield, J. Cobb, and
C. Gupte. 2015. “Training Safer Surgeons: How Do Patients
View the Role of Simulation in Orthopaedic Training?”
Patient Safety in Surgery 9 (11): 1–4. doi:10.1186/s13037-
015-0058-5.

Alhalabi, W. S. 2016. “Virtual Reality Systems Enhance
Students’ Achievements in Engineering Education.”
Behaviour & Information Technology 35 (11): 919–925.
doi:10.1080/0144929X.2016.1212931.

Awtrey, C., A. Chellali, S. Schwaitzberg, S. De, D. Jones, and C.
Cao. 2015. “Validation of the VBLaST: A Virtual Peg
Transfer Task in Gynecologic Surgeons.” Journal of
Minimally Invasive Gynecology 22 (7): 1271–1277. doi:10.
1016/j.jmig.2015.07.015.

Benham-Hutchins, M., and M. Lall. 2015. “Perception of
Nursing Education Uses of Second Life by Graduate
Nursing Students.” CIN: Computers, Informatics, Nursing
33 (9): 404–409. doi:10.1097/CIN.0000000000000170.

Binstadt, E., R.Walls, B.White, E. Nadel, J. Takayesu, T. Barker,
S. Nelson, and C. Pozner. 2007. “A Comprehensive Medical
Simulation Education Curriculum for Emergency Medicine
Residents.” Annals of Emergency Medicine 49 (4): 495–
504.e11. doi:10.1016/j.annemergmed.2006.08.023.

BEHAVIOUR & INFORMATION TECHNOLOGY 11

http://orcid.org/0000-0002-9747-1428
http://orcid.org/0000-0001-5846-9360
http://orcid.org/0000-0001-5846-9360
https://doi.org/10.1186/s13037-015-0058-5
https://doi.org/10.1186/s13037-015-0058-5
https://doi.org/10.1080/0144929X.2016.1212931
https://doi.org/10.1016/j.jmig.2015.07.015
https://doi.org/10.1016/j.jmig.2015.07.015
https://doi.org/10.1097/CIN.0000000000000170
https://doi.org/10.1016/j.annemergmed.2006.08.023


Bracq, M.-S., E. Michinov, B. Arnaldi, B. Caillaud, B. Gibaud,
V. Gouranton, and P. Jannin. 2019b. “Learning Procedural
Skills with a Virtual Reality Simulator: An Acceptability
Study.” Nurse Education Today 79: 153–160. doi:10.1016/j.
nedt.2019.05.026.

Bracq, M.-S., E. Michinov, and P. Jannin. 2019a.
“Virtual Reality Simulation in Nontechnical Skills
Training for Healthcare Professionals.” Simulation in
Healthcare: The Journal of the Society for Simulation in
Healthcare 14 (3): 188–194. doi:10.1097/SIH.
0000000000000347.

Butt, A., S. Kardong-Edgren, and A. Ellertson. 2018. “Using
Game-Based Virtual Reality with Haptics for Skill
Acquisition.” Clinical Simulation in Nursing 16: 25–32.
doi:10.1016/j.ecns.2017.09.010.

Cant, R. P., and S. J. Cooper. 2014. “Simulation in the Internet
Age: The Place of Web-Based Simulation in
Nursing Education. An Integrative Review.” Nurse Education
Today 34 (12): 1435–1442. doi:10.1016/j.nedt.2014.08.001.

Chow, M. 2012. “Factors Influencing Presence in Virtual
Worlds.” In Proceedings of the 11th International Congress
on Nursing Informatics, 83–87. Montreal: Congress on
Nursing Informatics. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3799100/pdf/amia_2012_ni_083.pdf.

Chow, M. 2016. “Determinants of Presence in 3D Virtual
Worlds: A Structural Equation Modelling Analysis.”
Australian Journal of Educational Technology 32 (1): 1–18.
doi:10.14742/ajet.1939.

Chow, M., D. Herold, T.-M. Choo, and K. Chan. 2012.
“Extending the Technology Acceptance Model to Explore
the Intention to Use Second Life for Enhancing
Healthcare Education.” Computers & Education 59: 1136–
1144. doi:10.1016/j.compedu.2012.05.011.

Coles, T., D. Meglan, and N. John. 2011. “The Role of Haptics
in Medical Training Simulators: A Survey of the State of the
art.” IEEE Transactions on Haptics 4 (1): 51–66. doi:10.
1109/TOH.2010.19.

Corrêa, C., F. Nunes, E. Ranzini, R. Nakamura, and R. Tori.
2019. “Haptic Interaction for Needle Insertion Training in
Medical Applications: The State-of-the-Art.” Medical
Engineering and Physics 63: 6–25. doi:10.1016/j.
medengphy.2018.11.002.

Dankbaar, M., D. Storm, I. Teeuwen, and S. Schuit. 2014. “A
Blended Design in Acute Care Training: Similar Learning
Results, Less Training Costs Compared with a Traditional
Format.” Perspectives on Medical Education 3 (4): 289–
299. doi:10.1007/s40037-014-0109-0.

Davis, F. 1989. “Perceived Usefulness, Perceived Ease of Use,
and User Acceptance of Information Technology.” MIS
Quarterly 13 (3): 319–340. doi:10.2307/249008.

Elliman, J., M. Loizou, and F. Loizides. 2016. “Virtual Reality
Simulation Training for Student Nurse Education.” In 8th
International Conference on Games and Virtual Worlds for
Serious Applications (VS-GAMES), 1–2. Barcelona. doi:10.
1109/VS-GAMES.2016.7590377.

Elo, S., and H. Kyngäs. 2008. “The Qualitative Content
Analysis Process.” Journal of Advanced Nursing 62 (1):
107–115. doi:10.1111/j.1365-2648.2007.04569.x.

Escobar-Castillejos, D., J. Noguez, L. Neri, A. Magana, and B.
Benes. 2016. “A Review of Simulators with Haptic Devices
for Medical Training.” Journal of Medical Systems 40
(104): 1–22. doi:10.1007/s10916-016-0459-8.

Fanfarelli, J., R. McDaniel, and C. Crossley. 2018. “Adapting
UX to the Design of Healthcare Games and Applications.”
Entertainment Computing 28: 21–31. doi:10.1016/j.
entcom.2018.08.001.

Färber, M., F. Hummel, C. Gerloff, and H. Handels. 2009.
“Virtual Reality Simulator for the Training of Lumbar
Punctures.” Methods of Information in Medicine 48 (5):
493–501. doi:10.1007/978-3-540-68764-1_39.

Farra, S., S. Smith, and D. Ulrich. 2018. “The Student
Experience with Varying Immersion Levels of Virtual
Reality Simulation.” Nursing Education Perspectives 39 (2):
99–101. doi:10.1097/01.NEP.0000000000000258.

Fealy, S., J. Donovan, A. Hutton, K. Graham, L. McNeil, L.
Sweet, and M. Hazelton. 2019. “The Integration of
Immersive Virtual Reality in Tertiary Nursing and
Midwifery Education: A Scoping Review.” Nurse
Education Today 79: 14–19. doi:10.1016/j.nedt.2019.05.002.

Ferguson, C., P. Davidson, P. Scott, D. Jackson, and L.
Hickman. 2015. “Augmented Reality, Virtual Reality and
Gaming: An Integral Part of Nursing.” Contemporary
Nurse 51 (1): 1–4. doi:10.1080/10376178.2015.1130360.

Foronda, C., C. Alfes, D. Parvati, A. J. Kleinheksel, D. Nelson, J.
O’Donnell, and J. Samosky. 2017. “Virtually Nursing:
Emerging Technologies in Nursing Education.” Nurse
Educator42 (1): 14–17. doi:10.1097/NNE.0000000000000295.

Freina, L., and M. Ott. 2015. “A Literature Review on
Immersive Virtual Reality in Education: State of the Art
and Perspectives.” In The 11th International Scientific
Conference ELearning and Software for Education.
Bucharest, April 23–24. doi:10.12753/2066-026X-15-020.

Gaba, D. M. 2007. “The Future Vision of Simulation in
Healthcare.” Simulation in Healthcare: The Journal of the
Society for Simulation in Healthcare 2 (2): 126–135.
doi:10.1097/01.SIH.0000258411.38212.32.

Garrett, J. 2011. The Elements of User Experience: User-
Centered Design for the Web and Beyond. 2nd ed.
Berkeley, CA: Peachpit.

Girod, S., S. Schvartzman,D.Gaudilliere,K. Salisbury, andR. Silva.
2016. “Haptic Feedback Improves Surgeons’ User Experience
and Fracture Reduction in Facial Trauma Simulation.”
Journal of Rehabilitation Research and Development 53 (5):
561–570. doi:10.1682/JRRD.2015.03.0043.

Graafland, M., J. M. Schraagen, and M. P. Schijven. 2012.
“Systematic Review of Serious Games for Medical
Education and Surgical Skills Training.” British Journal of
Surgery 99: 1322–1330. doi:10.1002/bjs.8819.

Gregg, L., and N. Tarrier. 2007. “Virtual Reality in Mental
Health.” Social Psychiatry and Psychiatric Epidemiology
42: 343–354. doi:10.1007/s00127-007-0173-4.

Guise, V., M. Chambers, E. Conradi, S. Kavia, and M. Välimäki.
2012. “Development, Implementation and Initial Evaluation
of Narrative Virtual Patients for Use in Vocational Mental
Health Nurse Training.” Nurse Education Today 32: 683–
689. doi:10.1016/j.nedt.2011.09.004.

Hamari, J., D. Shernoff, E. Rowe, B. Coller, J. Asbell-Clarke, and
T. Edwards. 2016. “Challenging Games Help Students Learn:
An Empirical Study on Engagement, Flow and Immersion in
Game-Based Learning.” Computers in Human Behavior 54:
170–179. doi:10.1016/j.chb.2015.07.045.

Hassenzahl, M., and N. Tractinsky. 2006. “User Experience: A
Research Agenda.” Behavioral & Informational Technology
25 (2): 91–97. doi:10.1080/01449290500330331.

12 H. MÄKINEN ET AL.

https://doi.org/10.1016/j.nedt.2019.05.026
https://doi.org/10.1016/j.nedt.2019.05.026
https://doi.org/10.1097/SIH.0000000000000347
https://doi.org/10.1097/SIH.0000000000000347
https://doi.org/10.1016/j.ecns.2017.09.010
https://doi.org/10.1016/j.nedt.2014.08.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799100/pdf/amia_2012_ni_083.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799100/pdf/amia_2012_ni_083.pdf
https://doi.org/10.14742/ajet.1939
https://doi.org/10.1016/j.compedu.2012.05.011
https://doi.org/10.1109/TOH.2010.19
https://doi.org/10.1109/TOH.2010.19
https://doi.org/10.1016/j.medengphy.2018.11.002
https://doi.org/10.1016/j.medengphy.2018.11.002
https://doi.org/10.1007/s40037-014-0109-0
https://doi.org/10.2307/249008
https://doi.org/10.1109/VS-GAMES.2016.7590377
https://doi.org/10.1109/VS-GAMES.2016.7590377
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1007/s10916-016-0459-8
https://doi.org/10.1016/j.entcom.2018.08.001
https://doi.org/10.1016/j.entcom.2018.08.001
https://doi.org/10.1007/978-3-540-68764-1_39
https://doi.org/10.1097/01.NEP.0000000000000258
https://doi.org/10.1016/j.nedt.2019.05.002
https://doi.org/10.1080/10376178.2015.1130360
https://doi.org/10.1097/NNE.0000000000000295
https://doi.org/10.12753/2066-026X-15-020
https://doi.org/10.1097/01.SIH.0000258411.38212.32
https://doi.org/10.1682/JRRD.2015.03.0043
https://doi.org/10.1002/bjs.8819
https://doi.org/10.1007/s00127-007-0173-4
https://doi.org/10.1016/j.nedt.2011.09.004
https://doi.org/10.1016/j.chb.2015.07.045
https://doi.org/10.1080/01449290500330331


Irwin, P., and R. Coutts. 2015. “A Systematic Review of the
Experience of Using Second Life in the Education of
Undergraduate Nurses.” Journal of Nursing Education 54
(10): 572–577. doi:10.3928/01484834-20150916-05.

JBI. 2019. “Critical Appraisal Tools.” The University of
Adelaine. https://joannabriggs.org/index.php/ebp/critical_
appraisal_tools.

Johannesson, E., C. Silén, J. Kvist, and H. Hult. 2013.
“Students’ Experiences of Learning Manual Clinical Skills
Through Simulation.” Advances in Health Sciences
Education 18 (1): 99–114. doi:10.1007/s10459-012-9358-z.

Johnson-Glenberg, M. C. 2018. “Immersive VR and Education:
Embodied Design Principles that Include Gesture and Hand
Controls.” Frontiers in Robotics and AI 5: 81. doi:10.3389/
frobt.2018.00081.

Johnson, C. M., A. Vorderstrasse, and R. Shaw. 2009. “Virtual
Worlds in Health Care Higher Education.” Journal For
Virtual Worlds Research 2 (2): 4–12. doi:10.4101/jvwr.
v2i2.699.

Kardong-Edgren, S., K. Breitkreuz, M. Werb, S. Foreman, and
A. Ellertson. 2019. “Evaluating the Usability of a Second-
Generation Virtual Reality Game for Refreshing Sterile
Urinary Catheterization Skills.” Nurse Educator 44 (3):
137–141. doi:10.1097/NNE.0000000000000570.

Kennedy, R., and N. Lane. 1993. “Simulator Sickness
Questionnaire: An Enhanced Method for Quantifying
Simulator Sickness.” The International Journal of Aviation
Psychology 3 (3): 203–220. doi:10.1207/
s15327108ijap0303_3.

Kidd, L., S. Knisley, and K. Morgan. 2012. “Effectiveness of a
Second Life Simulation as a Teaching Strategy for
Undergraduate Mental Health Nursing Students.” Journal
of Psychosocial Nursing 50 (7): 28–37. doi:10.3928/
02793695-20120605-04.

Kim, Y., H. Kim, and Y. O. Kim. 2017. “Virtual Reality and
Augmented Reality in Plastic Surgery: A Review.” Archives
of Plastic Surgery 44 (3): 179–187. doi:10.5999/aps.2017.
44.3.179.

Kleven, N., E. Prasolova-Forland, M. Fominykh, A. Hansen, G.
Rasmussen, L. Sagberg, and F. Lindseth. 2014. “Training
Nurses and Educating the Publoc Using a Virtual
Operating Room with Oculus Rift.” In International
Conference on Virtual Systems & Multimedia (VSMM),
206–213. doi:10.1109/VSMM.2014.7136687.

Koivisto, J.-M., E. Haavisto, H. Niemi, P. Haho, S. Nylund, and
J. Multisilta. 2018. “Design Principles for Simulation Games
for Learning Clinical Reasoning: A Design-Based Research
Approach.” Nurse Education Today 60: 114–120. doi:10.
1016/j.nedt.2017.10.002.

Koivisto, J.-M., E. Haavisto, H. Niemi, J. Katajisto, and J.
Multisilta. 2016b. “Elements Explaining Learning Clinical
Reasoning Using Simulation Games.” International
Journal of Serious Games 3 (4): 29–43. doi:10.17083/ijsg.
v3i4.136.

Koivisto, J.-M., J. Multisilta, H. Niemi, J. Katajisto, and E.
Eriksson. 2016a. “Learning by Playing: A Cross-Sectional
Descriptive Study of Nursing Students’ Experiences of
Learning Clinical Reasoning.” Nurse Education Today 45:
22–28. doi:10.1016/j.nedt.2016.06.009.

Koivisto, J.-M., H. Niemi, J. Multisilta, and E. Eriksson. 2017.
“Nursing Students’ Experiential Learning Processes Using
an Online 3D Simulation Game.” Education and

Information Technologies 22 (1): 383–398. doi:10.1007/
s10639-015-9453-x.

Koo, S., A. Kim, R. Donoff, and N. Karimbux. 2015. “An Initial
Assessment of Haptics in Preclinical Operative Dentistry
Training.” Journal of Investigative and Clinical Dentistry 6:
69–76. doi:10.1111/jicd.12065.

Kurenov, S., J. Cendan, S. Dindar, K. Attwood, J. Hassett, R.
Nawotniak, G. Cherr, W. G. Cance, and J. Peters. 2017.
“Surgeon-Authored Virtual Laparoscopic Adrenalectomy
Module Is Judged Effective and Preferred Over Traditional
Teaching Tools.” Surgical Innovation 24 (1): 72–81.
doi:10.1177/1553350616672971.

Leung, R., R. Zeller, K. Walker, K. Krauel, A. Mihailidis, A.
Agur, H. Carnahan, D. Wang, K. Zabjek. 2013. “Towards
the Development of a Haptic Simulator of Surgical
Gestures in Orthopaedic Spine Surgery.” Studies in Health
Technology and Informatics 184: 254–260. doi:10.3233/
978-1-61499-209-7-254.

Levett-Jones, T., R. Cant, and S. Lapkin. 2019. “A Systematic
Review of the Effectiveness of Empathy Education for
Undergraduate Nursing Students.” Nurse Education Today
75: 80–94. doi:10.1016/j.nedt.2019.01.006.

Makransky, G., T. Terkildsen, and R. Mayer. 2019. “Adding
Immersive Virtual Reality to a Science Lab Simulation
Causes More Presence but Less Learning.” Learning and
Instruction 60: 225–236. doi:10.1016/j.learninstruc.2017.12.
007.

Mandal, S. 2013. “Brief Introduction of Virtual Reality and Its
Challenges.” International Journal of Scientific &
Engineering Research 4 (4): 304–309. http://citeseerx.ist.
psu.edu/viewdoc/download?doi=10.1.1.302.4239&rep=
rep1&type=pdf.

Mann, S., T. Furness, Y. Yuan, J. Lorio, and Z. Wang. 2018. All
Reality: Virtual, Augmented, Mixed (X), Mediated (X,Y), and
Multimediated Reality. https://arxiv.org/pdf/1804.08386.pdf.

Moro, C., Z. Štromberga, and A. Stirling. 2017. “Virtualisation
Devices for Student Learning: Comparison Between
Desktop-Based (Oculus Rift) and Mobile-Based (Gear VR)
Virtual Reality in Medical and Health Science Education.”
Australasian Journal of Educational Technology 33 (6).
doi:10.14742/ajet.3840.

Nicolaidou, I., A. Antoniades, R. Constantinou, C. Marangos,
E. Kyriacou, P. Bamidis, E. Dafli, and C. Pattchis. 2015. “A
Virtual Emergency Telemedicine Serious Game in Medical
Training: A Quantitative, Professional Feedback-Informed
Evaluation Study.” Journal of Medical Internet Research 17
(6): 1–18. doi:10.2196/jmir.3667.

Orfanou, K., N. Tselios, and C. Katsanos. 2015. “Perceived
Usability Evaluation of Learning Management Systems:
Empirical Evaluation of the System Usability Scale.”
International Review of Research in Open and Distance
Learning 16 (2): 227–246. doi:10.19173/irrodl.v16i2.1955.

Padilha, J., P. Machado, A. Ribeiro, and J. Ramos. 2018.
“Clinical Virtual Simulation in Nursing Education.”
Clinical Simulation in Nursing 15: 13–18. doi:10.1016/j.
ecns.2017.09.005.

Padilha, J., P. Machado, A. Ribeiro, and J. Ramos. 2019.
“Clinical Virtual Simulation in Nursing Education:
Randomized Controlled Trial.” Journal of Medical Internet
Research 21 (3): e11529. doi:10.2196/11529.

Panagiotis, Z., and C. Pappas. 2016. “Quality Management of
Learning Management Systems: A User Experience

BEHAVIOUR & INFORMATION TECHNOLOGY 13

https://doi.org/10.3928/01484834-20150916-05
https://joannabriggs.org/index.php/ebp/critical_appraisal_tools
https://joannabriggs.org/index.php/ebp/critical_appraisal_tools
https://doi.org/10.1007/s10459-012-9358-z
https://doi.org/10.3389/frobt.2018.00081
https://doi.org/10.3389/frobt.2018.00081
https://doi.org/10.4101/jvwr.v2i2.699
https://doi.org/10.4101/jvwr.v2i2.699
https://doi.org/10.1097/NNE.0000000000000570
https://doi.org/10.1207/s15327108ijap0303_3
https://doi.org/10.1207/s15327108ijap0303_3
https://doi.org/10.3928/02793695-20120605-04
https://doi.org/10.3928/02793695-20120605-04
https://doi.org/10.5999/aps.2017.44.3.179
https://doi.org/10.5999/aps.2017.44.3.179
https://doi.org/10.1109/VSMM.2014.7136687
https://doi.org/10.1016/j.nedt.2017.10.002
https://doi.org/10.1016/j.nedt.2017.10.002
https://doi.org/10.17083/ijsg.v3i4.136
https://doi.org/10.17083/ijsg.v3i4.136
https://doi.org/10.1016/j.nedt.2016.06.009
https://doi.org/10.1007/s10639-015-9453-x
https://doi.org/10.1007/s10639-015-9453-x
https://doi.org/10.1111/jicd.12065
https://doi.org/10.1177/1553350616672971
https://doi.org/10.3233/978-1-61499-209-7-254
https://doi.org/10.3233/978-1-61499-209-7-254
https://doi.org/10.1016/j.nedt.2019.01.006
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1016/j.learninstruc.2017.12.007
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.4239%26rep=rep1%26type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.4239%26rep=rep1%26type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.4239%26rep=rep1%26type=pdf
https://arxiv.org/pdf/1804.08386.pdf
https://doi.org/10.14742/ajet.3840
https://doi.org/10.2196/jmir.3667
https://doi.org/10.19173/irrodl.v16i2.1955
https://doi.org/10.1016/j.ecns.2017.09.005
https://doi.org/10.1016/j.ecns.2017.09.005
https://doi.org/10.2196/11529


Perspective.” Current Issues in Emerging ELearning 3 (1):
60–83. https://scholarworks.umb.edu/ciee/vol3/iss1/5.

Peddle, M., L. Mckenna, N. Bearman, and D. Nestel. 2019.
“Development of Non-technical Skills Through Virtual
Patients for Undergraduate Nursing Students: An
Exploratory Study.” Nurse Education Today 73: 94–101.
doi:10.1016/j.nedt.2018.11.008.

Peden, R. G., R. Mercer, and A. J. Tatham. 2016. “The Use of
Head-Mounted Display Eyeglasses for Teaching Surgical
Skills: A Prospective Randomised Study.” International
Journal of Surgery 34: 169–173. doi:10.1016/j.ijsu.2016.09.002.

Pillai, A., and P. Mathew. 2019. “Impact of Virtual Reality in
Healthcare: A Review.” In Virtual and Augmented Reality in
Mental Health Treatment, edited by G. Guazzaroni, 17–31.
Hershey, PA: IGI Global. doi:10.4018/978-1-5225-7168-1.

Polivka, B., S. Anderson, S. Lavender, C. Sommerich, D.
Stredney, C. Wills, and A. Darragh. 2019. “Efficacy and
Usability of a Virtual Simulation Training System for
Health and Safety Hazards Encountered by Healthcare
Workers.” Games for Health Journal 8 (2): 121–128.
doi:10.1089/g4 h.2018.0068.

Pons Lelardeux, C., D. Panzoli, V. Lubrano, V. Minville, P.
Lagarrigue, and J.-P. Jessel. 2017. “Communication System
and Team Situation Awareness in a Multiplayer Real-
Time Learning Environment: Application to a Virtual
Operating Room.” The Visual Computer 33 (4): 489–515.
doi:10.1007/s00371-016-1280-6.
Prasad, R., M. Muniyandi, G. Manoharan, and S.
Chandramohan. 2018. “Face and Construct Validity of a
Novel Virtual Reality-Based Bimanual Laparoscopic Force-
Skills Trainer with Haptics Feedback.” Surgical Innovation
25 (5): 499–514. doi:10.1177/1553350618773666.

Reznek, M., C. Rawn, and T. Krummel. 2002. “Evaluation of
the Educational Effectiveness of a Virtual Reality
Intravenous Insertion Simulator.” Academic Emergency
Medicine 9 (11): 1319–1325. doi:10.1197/aemj.9.11.1319.

Ribeiro, M., H. Lederman, S. Elias, and F. Nunes. 2016.
“Techniques and Devices Used in Palpation Simulation
with Haptic Feedback.” ACM Computing Surveys 49 (3):
1–28. doi:10.1145/2962723.

Ruthenbeck, G. S., A. S. Carney, and K. J. Reynolds. 2012. “A
Virtual-Reality Subtotal Tonsillectomy Simulator.” The
Journal of Laryngology & Otology 126 (S2): S8–S13.
doi:10.1017/S0022215112000199.

Ruthenbeck, G. S., and K. J. Reynolds. 2015. “Virtual Reality
for Medical Training: The State-of-the-Art.” Journal of
Simulation 9 (1): 16–26. doi:10.1057/jos.2014.14.

Sáenz-de-Urturi, Z., B. García Zapirain, and A. Méndez
Zorrilla. 2015. “Elderly User Experience to Improve a
Kinect-Based Game Playability.” Behavior & Information
Technology 34 (11): 1040–1051. doi:10.1080/0144929X.
2015.1077889.

Salovaara-Hiltunen, M., K. Heikkinen, and J. M. Koivisto.
2019. “User Experience and Learning Experience in a 4D
Virtual Reality Simulation Game.” International Journal of
Serious Games 6 (4): 49–66. doi:10.17083/ijsg.v6i4.305.

Sankaranarayanan, G., J. Adair, T. Halic, M. Gromski, Z. Lu,
W. Ahn, D. B. Jones, and S. De. 2011. “Validation of a
Novel Laparoscopic Adjustable Gastric Band Simulator.”
Surgical Endoscopy 25: 1012–1018. doi:10.1007/s00464-
010-1306-5.

Schvartzman, S., R. Silva, K. Salisbury, D. Gaudilliere, and S.
Girod. 2014. “Computer-Aided Trauma Simulation
System with Haptic Feedback Is Easy and Fast for Oral-
Maxillofacial Surgeons to Learn and Use.” Journal of Oral
and Maxillofacial Surgery 72 (10): 1984–1993. doi:10.
1016/j.joms.2014.05.007.

Schwaab, J., N. Kman, R. Nagel, D. Bahner, D. Martin, S.
Khandelwal, J. Vozenilek, D. R. Danforth, and R. Nelson.
2011. “Using Second Life Virtual Simulation Environment
for Mock Oral Emergency Medicine Examination.”
Academic Emergency Medicine 18 (5): 559–562. doi:10.
1111/j.1553-2712.2011.01064.x.

Sherman, W. R., and A. B. Craig. 2019. Understanding Virtual
Reality: Interface, Application, and Design. Cambridge, MA:
Morgan Kaufmann.

Shin, D.-H. 2017. “The Role of Affordance in the Experience of
Virtual Reality Learning: Technological and Affective
Affordances in Virtual Reality.” Telematics and
Informatics 34: 1826–1836. doi:10.1016/j.tele.2017.05.013.

Slater, M., and A. Steed. 2000. “A Virtual Presence Counter.”
Presence: Teleoperators and Virtual Environments 9 (5):
413–434. doi:10.1162/105474600566925.

Süncksen, M., H. Bendig, M. Teistler, M. Wagner, O. Bott, and
K. Dresing. 2018. “Gamification and Virtual Reality for
Teaching Mobile X-ray Imaging.” In Proceedings of the
6th IEEE International Conference on Serious Games and
Applications for Health, SeGAH, 1–7. Vienna: IEEE.
doi:10.1109/SeGAH.2018.8401364.

Susi, T., M. Johannesson, and P. Backlund. 2007. Serious
Games: An Overview. Technical Report HS-IKI-TR-07-
001. Skövde: University of Skövde. http://www.diva-portal.
org/smash/get/diva2:2416/FULLTEXT01.pdf.

Tcha-Tokey, K., O. Christmann, E. Loup-Escande, G. Loup, and
S. Richir. 2018. “Towards a Model of User Experience in
Immersive Virtual Environments.” Advances in Human–
Computer Interaction, 1–10. doi:10.1155/2018/7827286.

Tcha-Tokey, K., O. Christmann, E. Loup-Escande, and S.
Richir. 2019. “Proposition and Validation of a
Questionnaire to Measure the User Experience in
Immersive Virtual Environments.” International Journal
of Virtual Reality 16 (1): 33–48. https://sam.ensam.eu/
bitstream/handle/10985/11352/LAMPA-P&I_IJVR__TCH
A-TOKEY_2016.pdf?sequence=3&isAllowed=y.

Venkatesh, V., M. G. Morris, G. B. Davis, and F. D. Davis.
2003. “User Acceptance of Information Technology:
Toward a Unified View.” MIS Quarterly 27 (3): 425–478.
doi:10.2307/30036540.

Verkuyl, M., L. Betts, and S. Sivaramalingam. 2019. “Nursing
Students’ Perceptions Using an Interactive Digital
Simulation Table: A Usability Study.” Simulation &
Gaming 50 (2): 202–213. doi:10.1177/1046878119844283.

Verkuyl, M., D. Romaniuk, L. Atack, and P. Mastrilli. 2017.
“Virtual Gaming Simulation for Nursing Education: An
Experiment.” Clinical Simulation in Nursing 13: 238–244.
doi:10.1016/j.ecns.2017.02.004.

Vottero, B. 2014. “Proof of Concept: Virtual Reality Simulation
of a Pyxis Machine for Medication Administration.”
Clinical Simulation in Nursing 10 (6): e325–e331. doi:10.
1016/j.ecns.2014.03.001.

Webster, R. 2016. “Declarative Knowledge Acquisition in
Immersive Virtual Learning Environments.” Interactive

14 H. MÄKINEN ET AL.

https://scholarworks.umb.edu/ciee/vol3/iss1/5
https://doi.org/10.1016/j.nedt.2018.11.008
https://doi.org/10.1016/j.ijsu.2016.09.002
https://doi.org/10.4018/978-1-5225-7168-1
https://doi.org/10.1089/g4&emsp14;h.2018.0068
https://doi.org/10.1007/s00371-016-1280-6
https://doi.org/10.1177/1553350618773666
https://doi.org/10.1197/aemj.9.11.1319
https://doi.org/10.1145/2962723
https://doi.org/10.1017/S0022215112000199
https://doi.org/10.1057/jos.2014.14
https://doi.org/10.1080/0144929X.2015.1077889
https://doi.org/10.1080/0144929X.2015.1077889
https://doi.org/10.17083/ijsg.v6i4.305
https://doi.org/10.1007/s00464-010-1306-5
https://doi.org/10.1007/s00464-010-1306-5
https://doi.org/10.1016/j.joms.2014.05.007
https://doi.org/10.1016/j.joms.2014.05.007
https://doi.org/10.1111/j.1553-2712.2011.01064.x
https://doi.org/10.1111/j.1553-2712.2011.01064.x
https://doi.org/10.1016/j.tele.2017.05.013
https://doi.org/10.1162/105474600566925
https://doi.org/10.1109/SeGAH.2018.8401364
http://www.diva-portal.org/smash/get/diva2:2416/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:2416/FULLTEXT01.pdf
https://doi.org/10.1155/2018/7827286
https://sam.ensam.eu/bitstream/handle/10985/11352/LAMPA-P%26I_IJVR__TCHA-TOKEY_2016.pdf?sequence=3%26isAllowed=y
https://sam.ensam.eu/bitstream/handle/10985/11352/LAMPA-P%26I_IJVR__TCHA-TOKEY_2016.pdf?sequence=3%26isAllowed=y
https://sam.ensam.eu/bitstream/handle/10985/11352/LAMPA-P%26I_IJVR__TCHA-TOKEY_2016.pdf?sequence=3%26isAllowed=y
https://doi.org/10.2307/30036540
https://doi.org/10.1177/1046878119844283
https://doi.org/10.1016/j.ecns.2017.02.004
https://doi.org/10.1016/j.ecns.2014.03.001
https://doi.org/10.1016/j.ecns.2014.03.001


Learning Environments 24 (6): 1319–1333. doi:10.1080/
10494820.2014.994533.

Weiss, S., H. Bongartz, S. Boll, and W. Heuten. 2018.
“Applications of Immersive Virtual Reality in Nursing
Education – A Review.” In Zukunft der Pflege –
Innovative Technologien für die Pflege. Tagungsband der
1. Clusterkonferenz 2018, 174–179.

Whittemore, R., and K. Knafl. 2005. “The Integrative Review:
Updated Methodology.” Journal of Advanced Nursing
52 (5): 546–553. doi:10.1111/j.1365-2648.2005.03621.x.

Witmer, B., and M. Singer. 1998. “Measuring Presence
in Virtual Environments: A Presence Questionnaire.”
Presence: Teleoperators and Virtual Environments 7 (3):
225–240. doi:10.1162/105474698565686.

Zahidi, Z., Y. P. Lim, and P. C.Woods. 2014. “Understanding the
User Experience (UX) Factors that InfluenceUser Satisfaction
in Digital Culture Heritage Online Collections for Non-
expert Users.” In Proceedings of the 2014 IEEE Conference
on Science and Information, 57–63. London: IEEE. doi:10.
1109/SAI.2014.6918172.

BEHAVIOUR & INFORMATION TECHNOLOGY 15

https://doi.org/10.1080/10494820.2014.994533
https://doi.org/10.1080/10494820.2014.994533
https://doi.org/10.1111/j.1365-2648.2005.03621.x
https://doi.org/10.1162/105474698565686
https://doi.org/10.1109/SAI.2014.6918172
https://doi.org/10.1109/SAI.2014.6918172


Appendix

Table A1. Description of the studies reviewed.

Author Aim Sample Methods Apparatus
Quality of
the Study

1. Awtrey et al. (2015) To validate the Virtual Basic
Laparoscopic Skill Trainer.

Gynecology residents (n =
18) and gynecologists
(n = 9).

Prospective study. Groups of novices,
intermediates, and experts. All
performed 10 trials of the peg transfer
on each simulator. Questionnaire used
for subjective evaluation.

Haptic
simulator

5/5a

2. Benham-Hutchins
and Lall (2015)

To determine nursing students’
perceptions about the use of SL for
nursing education.

Nursing students (n = 20). Descriptive study with a quantitative
survey and qualitative content analysis.
Participants kept a journal about their
experiences and evaluated the use of VR
for nursing education.

Computer-
based
simulator

6/10b

3. Bracq et al. (2019b) To assess acceptability and usability of
a new VR simulator.

Expert scrub nurses (n =
13).

After the participants completed scenario,
they answered a post-experiment
questionnaire and took part in a semi-
structured interview.

HMD 5/5a

4. Butt, Kardong-
Edgren, and Ellertson
(2018)

To explore the ability of VR headgear
and haptic technology combined
with game-based learning principles.

Nursing students (n = 20). A mixed method pilot study, exploring the
usability, user reaction and skill
retention to a game-based VR system.

HMD 9/9c

5. Chow et al. (2012) To describe the development and
evaluation of a SL for learning RSI.

Nursing students (n =
206).

Subjects simulated RSI in SL. Students
gave feedback using the survey
instrument about computer self-efficacy,
behavioral intention to use, perceived
usefulness and ease of use.

Computer-
based
simulator

3/5a

6. Chow (2012) To examine the effects of attitude and
perceived ease of use on sense of
presence in SL.

Nursing students (n =
206).

Four workshops were conducted, and the
participants completed the survey
instrument.

Computer-
based
simulator

3/5a

7. Chow (2016) To explore how user variables,
combine and interact to predict the
level of presence in a 3D VE.

Nursing students (n =
185).

VE and 10 scenarios were designed and
developed in SL. Subjects completed
survey instrument about perceived
usefulness, perceived ease of use,
computer self-efficacy, computer self-
efficacy and subjective norm.

Computer-
based
simulator

5/5a

8. Färber et al. (2009) To develop and evaluate a VR lumbar
puncture simulator.

Medical students (n = 42). A pilot user study. Participants in a training
and a control group, completed different
first training protocols. User acceptance
has been evaluated with a
questionnaire.

Haptic
simulator

8/9c

9. Girod et al. (2016) To evaluate initial user experience with
CAS system.

Surgery resident trainees
(n = 10).

Participants worked each of the three
cases for both the CAD and the CAS
haptic system. Data were collected with
the User Study Questionnaire.

Haptic
simulator

5/5a

10. Johannesson et al.
(2013)

To investigate the students’
experiences about their learning
through simulation.

Nursing students (n = 10). Students performed in pairs urethral
catheterization with the simulator. The
sessions were videotaped, and the
interviews consisted open questions.

Haptic
simulator

7/10b

11. Kardong-Edgren
et al. (2019)

To evaluate the usability of a VR game
for sterile catheterization practice.

Nursing students and
nursing faculty. (n = 31).

Students and faculty tested and evaluated
a VR game using to allow practice of
placing a urinary catheter in a virtual
patient.

HMD 5/5a

12. Kidd, Knisley, and
Morgan (2012)

To assess the effectiveness of a SL
virtual simulation as a teaching
strategy.

Nursing students (n =
126).

Descriptive study. Each simulation
consisted of interaction and debriefing
portions. Afterwards, participants
evaluated the simulation.

Computer-
based
simulator

5/5a

13. Koo et al. (2015) To assess student perception of haptic-
based manual dexterity training.

Dental students (n = 34). Participants performed tooth preparation.
The experimental group performed
exercises with the IDEATM software using
a haptic device. Tooth preparations were
repeated 2 weeks later. A questionnaire
survey assessed the evaluation of the
haptic simulation exercise.

Haptic
simulator

7/13d

14. Kurenov et al.
(2017)

To assess user acceptance and
effectiveness of a surgeon-authored
VR training module.

General surgery residents
(n = 14) and surgical
oncology fellows (n = 9).

Novices answered a TIPS pre-use
questionnaire and adrenalectomy quiz.
All participants tested the TIPS
adrenalectomy module within the
virtual environment. Novices took the
adrenalectomy quiz again and answered
the qualitative post-use questionnaire
and the TIPS evaluation questionnaire.

Haptic
simulator

4/5a

15. Leung et al. (2013) To develop a system that will permit
the demonstration of a proof of

Highly experienced
surgeons (n = 5).

The development of a custom haptic
system was followed by evaluation with

Haptic
simulator

4/5a

(Continued )
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Table A1. Continued.

Author Aim Sample Methods Apparatus
Quality of
the Study

concept for the simulation of haptic
effects typical of pediatric spine
surgery.

surgeons about the realism of the
simulated haptic sensations and the
usefulness of as a training tool.

16. Nicolaidou et al.
(2015)

To evaluate one scenario of the VETM
game.

Ambulance crew nursing
personnel (n = 90).

After trying the VETM scenario,
participants completed an evaluation of
the game and provided written and
verbal comments.

Computer-
based
simulator

5/5a

17. Padilha et al. (2018) To assess the ease, usefulness, and
intention to use a clinical virtual
simulator.

Nursing students (n =
426).

An exploratory, descriptive, and cross-
sectional study with a quantitative
approach. 22 sessions using the
simulator was held with demonstration
and debriefing.

Computer-
based
simulator

5/5a

18. Polivka et al. (2019) To evaluate the efficacy, usability,
usefulness, and desirability of the
training system for home healthcare.

Home healthcare workers,
and students in health
profession programmes
(n = 74).

Randomly assigned groups (1) training
group and the paper-based training
group (2). (1) group completed three
modules on a computer. (2) group
reviewed identical information in a
written hard-copy format. Both groups
completed an HH-VSTS Assessment
module.

Computer-
based
simulator

7/13d

19. Prasad et al. (2018) To examine the face and construct
validity of a bimanual laparoscopic
force-skills trainer with haptics.

Medical residents (n = 25)
and surgeons (n = 25).

Participants performed VR–based tasks
and filled out study questionnaire.

Haptic
simulator

4/5a

20. Reznek, Rawn, and
Krummel (2002)

To evaluate construct and content
validity, and user perceptions of the
CathSim.

Anesthesia and
emergency medicine
residents and medical
students (n = 41).

A prospective cohort study. The subjects
were divided into novices,
intermediates, and experts. All
attempted five simulated IV insertions
and evaluated the simulation.

Haptic
simulator

5/8e

21. Sankaranarayanan
et al. (2011)

To determine face, construct, and
content validity for a novel VR
laparoscopic simulator.

Laparoscopic surgery
experts (n = 13) and
novices (n = 15).

Subjects used the VR laparoscopic surgery
simulator and completed a study
questionnaire.

Haptic
simulator

4/5a

22. Schvartzman et al.
(2014)

To evaluate user experience of a newly
developed CAS system.

Senior surgeons (n = 3). The participants simulated 3 clinical cases.
Questionnaire assessed their experience
with the system.

Haptic
simulator

4/5a

23. Schwaab et al.
(2011)

To explore the use of SL virtual
simulation technology.

Emergency medicine
residents (n = 27).

The participants acted the physician avatar
and communicated with a faculty
examiner who acted as the patient
avatar. Afterwards participants
addressed perceptions of the utility of SL
in medical education.

Computer-
based
simulator

4/5a

24. Süncksen et al.
(2018)

To evaluate a novel application of
gamification and VR technology to
medical imaging training.

Operating room personnel
(n = 41).

Participants used the VR system and gave
feedback about usefulness of the system
for medical education and what they
liked or disliked the most.

HMD 3/5a

25. Verkuyl, Betts, and
Sivaramalingam
(2019)

To assess ease of use and usefulness in
a digital simulation table.

Nursing students (n = 15). Participants worked at the simulation lab
in groups. Afterwards they completed
the usability survey and semi-structured
interviews were held.

Computer-
based
simulator

5/5a

26. Vottero (2014) To examine the feasibility of VR
simulation.

Nursing faculty (n = 7). A proof of concept study. Observed
participants completed the scenario and
afterwards written evaluation and
debriefing.

HMD 5/5a

Note: SL = Second Life, UX = User experience, JBI = Joanna Briggs Institute, 3D = 3-dimensional, VR = Virtual reality, VE = Virtual environment, HMD = Head
Mounted Display, RSI = Rapid sequence intubation, SUS = System Usability Scale

aJBI Appraisal Checklist for Analytical Cross-Sectional Studies.
bJBI Appraisal Checklist for Qualitative Studies.
cJBI Appraisal Checklist for Quasi Experimental Studies.
dJBI Appraisal Checklist for Randomized Controlled Trials.
eJBI Appraisal Checklist for Cohort Studies.
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