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Abstract

Background: Empathy is associated with better clinical outcomes and patient-care experiences, and it has been demonstrated
that training can improve nursing students’ empathy. The use of virtual reality (VR) as an experiential learning strategy may
increase the empathetic behavior of caregivers. Although there exists much research on the use of VR in education, there is still
little research on learning empathy in nursing education through immersive VR games that include a head-mounted display and
hand controllers. In addition, it is important to study both learning and user experiences in nursing education that utilizes VR
technology.

Objective: The objective of this study was to explore nursing students’ experiences of empathy and user experiences in an
immersive virtual reality simulation game.

Methods: A cross-sectional design was used. A total of 52 graduating nursing students from three universities of applied
sciences in Finland participated in the study. The immersive virtual reality simulation game employed in the study was played
with a head-mounted display (HMD) and hand controllers. The instruments used were the Basic Empathy Scale in Adults (BES-
A) before the VR simulation gaming session and the Comprehensive State Empathy Scale (CSES) and AttrakDiff 2.0 Scale after
the session.

Results: The students’ overall level of empathy experienced in the immersive VR simulation game was favorable (CSES; M 2.9,
SD 0.57). Participants who had a higher level of empathy (BES-A) before playing the immersive VR simulation game also
experienced slightly more feelings of empathy after playing (CSES). However, the association between the measures was not
statistically significant (r=.187, P=.18). The overall empathy (CSES) experienced in the immersive VR simulation game was
positively correlated with its subscales. Use of the VR simulation provided a positive user experience in all four factors of the
AttrakDiff 2.0 Scale. Overall user experience and Emotion sharing correlated positively (r=?.248, P=.42), as did Attractiveness
and Emotion sharing (r=?.327, P=.18). Hedonic quality – stimulation correlated positively with Cognitive empathy (r=.279,
P=.45).

Conclusions: The results of this study indicate that the use of an immersive VR simulation game in nursing education as a means
of increasing empathy seems promising and justified. The immersive VR simulation game offered positive user experiences,
which further supports the idea of implementing it in education. However, more research is needed on what kinds of VR
environments are the most effective in promoting empathy among nursing students. Furthermore, when using VR technology in
learning, one should consider that the VR setting must not be too technical but rather simple, straightforward, and predictable.
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Exploring Nursing  Students’ Experiences  of  Empathy  and User
Experiences in an Immersive Virtual  Reality Simulation Game –
Cross-sectional Study

Abstract

Background: Empathy is associated with better clinical outcomes and patient-care experiences, and
it has been demonstrated that training can improve nursing students’ empathy. The use of virtual
reality (VR) as an experiential learning strategy may increase the empathetic behavior of caregivers.
Although there exists much research on the use of VR in education, there is still little research on
learning empathy in nursing education through immersive VR games that include a head-mounted
display and hand controllers. In addition, it is important to study both learning and user experiences
in nursing education that utilizes VR technology.
Objective: The objective of this study was to explore nursing students’ experiences of empathy and
user experiences in an immersive virtual reality simulation game.
Methods: A cross-sectional design was used. A total of 52 graduating nursing students from three
universities of applied sciences in Finland participated in the study. The immersive virtual reality
simulation game employed in the study was played with a head-mounted display (HMD) and hand
controllers. The instruments used were the Basic Empathy Scale in Adults (BES-A) before the VR
simulation gaming session and the Comprehensive State Empathy Scale (CSES) and AttrakDiff 2.0
Scale after the session.
Results: The students’ overall level of empathy experienced in the immersive VR simulation game
was favorable (CSES; M 2.9, SD 0.57). Participants who had a higher level of empathy (BES-A)
before  playing  the  immersive  VR  simulation  game  also  experienced  slightly  more  feelings  of
empathy after playing (CSES). However, the association between the measures was not statistically
significant  (r=.187,  P=.18).  The  overall  empathy  (CSES)  experienced  in  the  immersive  VR
simulation game was positively correlated with its subscales. Use of the VR simulation provided a
positive user experience in all four factors of the AttrakDiff 2.0 Scale. Overall user experience and
Emotion sharing correlated positively (r=−.248, P=.42), as did Attractiveness and Emotion sharing
(r=−.327,  P=.18).  Hedonic  quality  –  stimulation correlated  positively  with  Cognitive  empathy
(r=.279, P=.45). 
Conclusions: The results of this study indicate that the use of an immersive VR simulation game in
nursing education as a means of increasing empathy seems promising and justified. The immersive
VR  simulation  game  offered  positive  user  experiences,  which  further  supports  the  idea  of
implementing it in education. However, more research is needed on what kinds of VR environments
are the most effective in promoting empathy among nursing students. Furthermore, when using VR
technology in learning, one should consider that the VR setting must not be too technical but rather
simple, straightforward, and predictable.

Keywords: education; nursing; learning; empathy; virtual reality; simulation; user experience; cross-
sectional
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Introduction

Empathy in Nursing

Empathy  is  a  key  factor  in  quality  of  care  and  patient-centered  care  [1].  Greater  empathy  is
associated  with  better  clinical  outcomes  and patient-care  experiences  [2].  Empathy is  an  innate
characteristic of the individual, and it is dynamic, constantly evolving, and built under the influence
of  various  personal  and environmental  factors  [3].  Empathy can  be considered  to  include  three
dimensions: affective, cognitive, and behavioral [4], [5]. The affective dimension consists of caring
and  a  sincere  and  unconditional  acceptance  of  each  healthcare  client,  whereas  the  cognitive
dimension is related to interpersonal sensitivity, intuition, and the ability to understand the point of
view of another person [4], [5]. The behavioral dimension is associated with altruism and therapeutic
relationship, which develop empathy in practice; it  can be understood as an intention to respond
compassionately to the needs and concerns of another person [4], [5].

Healthcare  professionals  with  a  high  capacity  for  empathy  work  more  effectively  in  favor  of
promoting the patient’s condition  [1], [4], [6]. The empathetic attitude of healthcare professionals
towards healthcare users strengthens collaboration between them and increases patient satisfaction
and  commitment  to  treatment  [1],  [4].  Furthermore,  empathy  enables  appropriate  support  for
patients, increases patient satisfaction, improves patient outcomes, reduces errors, and leads to better
overall  care  [1],  [4].  An  empathetic  professional  can  understand  the  needs  of  healthcare  users
because it is easier for patients to bring their problems and thoughts to them [6]. 

Healthcare  workers  have  felt  that  work experience and a  strong professional  identity  strengthen
empathy, even during busy and stressful times [3], [4], [7].  Empathy is also linked to job satisfaction
among healthcare professionals and a reduced risk of burnout, but also to compassion fatigue and
depression [4], [5]. It has been observed that with a decrease in anxiety and other negative emotions,
empathy towards the patient increases  [7]. In addition, positive interaction in the work community
and with patients and relatives increases empathy momentarily [7]. 

Characteristics of empathy with high or medium stability, such as a strong capacity for empathy
developed  in  childhood,  a  work  environment  that  supports  empathy,  and  a  strong  professional
identity, have been found to have protective effects against factors that lower empathy [3]. Factors
that  negatively  affect  empathy  include  increased  technology  use  [8],  feelings  of  anxiety,  fear,
uncertainty, a high amount of patients, lack of time, negative interaction, and lack of training in
empathy [4], [5], [7]. While the importance of empathy for nursing is undeniable, many healthcare
professionals face challenges in adopting an empathic communication model for their actions [5]. 

The value and importance of empathy should be emphasized more in healthcare education [3], [6],
and empathy should be developed during nursing education [9]. In the healthcare sector, a significant
decrease in empathy has been observed, especially during education  [10]. The decline in empathy
has been attributed to many factors, such as changed curricular requirements and tightened time
constraints that have led to the prioritization of technical and clinical knowledge over humanistic
values such as empathy [11]. Training can improve individuals’ empathy [2], and empathy training
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seems to have an impact on the empathy skills of healthcare students [4], [9], [12]. Conversely, one
review revealed that educational programs did not increase healthcare students’ empathic concern
[13].  However,  nursing  education  seems  to  lack  systematic  training  in  empathy,  although  its
importance has been identified [14].

Virtual Reality in Empathy Education

Experiential learning has shown good results in increasing empathy [14] since it focuses on learning
through lived or shared experience, and it has been utilized using simulations, role-playing games,
and virtual reality (VR) in teaching [5], [10], [14], [15]. A recent systematic review revealed that the
application of different modalities of simulation promotes empathy in nursing education [16], while
another systematic review demonstrated that for improving empathy, the most effective interventions
were immersive and experiential simulations providing opportunities for reflection [17]. Simulation
experiences can reduce the decline in experiencing empathy during training because it  gives the
student a sense of control and helps identifying professional behavior in patient relationships [18]. In
VR simulations, students have been more in the role of a patient [5], [10], [19], [20] than a nurse
[15]. Research has shown that the most effective simulation exercises for learning empathy are those
in which the learner takes on the role of a patient [18]. However, Levett-Jones et al. [5] found that at
campus point-of-view simulations  where  students  experience  the  world  “through the  eyes”  of  a
hemiparesis  patient,  nursing  students’ empathy  towards  people  with  a  disability  was  impacted
positively.  Furthermore,  they found a greater increase in the empathy levels of participants who
played the role of a caregiver in a VR simulation compared to participants in the role of a patient.

The  use  of  VR  as  an  experiential  learning  strategy  may  increase  the  empathetic  behavior  of
caregivers  [1].  VR  pertains  to  a  computer-generated  three-dimensional  (3D)  environment  that
replicates facets of the physical world [21]. Within healthcare education, prevalent VR technologies
encompass  computer-based  simulations,  haptic  simulators,  and  head-mounted  display  (HMD)
systems, with HMD being the least frequently employed [22]. In HMD systems, the sensations of
immersion,  presence,  and  interaction  [21] are  the  most  pronounced.  The  level  of  immersion  is
determined by the extent to which the VR system supports the user’s perception and use of their
body in virtual reality.  High-level immersion commonly refers to a three-dimensional experience
with  a  virtual  interface,  such as  HMD, that  provides  the  user  with  a  wide  field  of  view,  high-
resolution image, sound, and motion detection [1], [23]. The concept of presence in VR refers to the
user’s  experience of a sense of being in  a virtual environment rather  than in their  real physical
environment [23]. The concept of interactivity refers to the interaction between the user and the VR
environment [22].

The integration of immersive technologies in education offers novel avenues for nursing education,
with  their  adoption  having  gained  momentum during  and  after  the  Covid-19 pandemic.  Virtual
simulations are useful because they enable the combination of theoretical clinical knowledge and
practice through realistic patient situations in online learning  [24], [25]. Students’ experiences of
using  VR in  learning have  been mostly  positive,  and the  teaching method has  been considered
motivating [10], [26]. Havola et al. [27] found that students spending more time in a VR simulation
with  a  head-mounted display  (HMD) and hand controllers  achieved better  learning outcomes in
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patient scenarios than students spending less time in virtual reality. VR has mainly been perceived as
an easy-to-use and functional teaching tool [19]. However, nursing students have experienced some
technical  difficulties  in  VR simulations,  and therefore prior  technical  practice is  required before
entering a VR simulation session [15], [28]. 

In VR simulations, factors affecting empathy include a sense of presence and the illusion of being in
the body of another  person  [12].  A qualitative study describing undergraduate nursing students’
empathy in an immersive VR simulation game found that nursing students experienced empathic
concern towards a virtual patient, and they recognized the virtual patient’s emotions and responded
to those [15]. A systematic review by Bas-Sarmiento et al.  [14] found variation in empathy levels
regarding  the  different  characteristics  of  healthcare  students,  such  as  gender,  age,  or  cultural
background. They state that younger participants’ empathy levels were higher compared to older
participants, and women’s empathy levels were higher than men’s [14].

In a good user experience (UX), a VR simulation game supports learning and lets technology stay in
the background. User experience is constructed as “a consequence of the user’s internal state […],
the characteristics of a designed system […], and the context […] within which interaction occurs”
[29]. In good interaction with technology, users experience that they achieve goals and that their
needs regarding technology in a certain situation are met [30]. UX has four main qualities: perceived
pragmatic  quality  (e.g.,  simple,  practical,  clearly  structured),  hedonic  quality  identification  (e.g.,
stylish, connective, presentable), hedonic quality stimulation (e.g., innovative, inventive, creative),
and attractiveness (e.g., pleasant, good, motivating) [30], [31]. UX determines the overall judgement
of  a  product,  the  choices  made,  and  user  behavior  [32].  In  designing  a  good  user  experience,
participatory and human-centered design methods are used, and the evaluation of experience is an
essential part of this [33], [34]. Recently, Law & Heintz [35] have underlined the need to study both
learning and user experience in education that utilizes technology.  

Although there has been much research on the use of VR in education, there is still little research on
learning empathy in nursing education through immersive VR games that include HMDs and hand
controllers. The objective of this study was to explore nursing students’ experiences of empathy and
user experiences in a VR simulation. The overall aim was to contribute to the increased discussion
related to the educational use of VR by creating new information about learning empathy in nursing
education by interacting with virtual  patients  in a  VR simulation.  This  study is  part  of a  larger
research project that aims to develop methods that utilize immersive technology in nursing education
and aims to investigate their impact on students’ competencies. The following research questions
were addressed: 

1. What is the extent to which nursing students experience feelings of empathy in a patient
scenario in an immersive virtual reality simulation game?

2. What  factors  are  associated with the experience  of  empathy during an immersive  virtual
reality simulation game?

3. How is nursing students’ user experience in an immersive virtual reality simulation game? 
4. How is user experience associated with experiencing empathy during an immersive virtual

reality simulation game?
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Methods

Research Design and Participant Recruitment

A cross-sectional  design  was  used.  Purposive  sampling  [36] was  used  to  recruit  undergraduate
nursing students in their final academic year from three universities of applied sciences (UAS) on the
southern, western, and southwestern coast of Finland. Each UAS had a contact teacher who was
informed about the study and who helped the research group with organizing the data collection. The
researchers  did  not  know  the  students  beforehand  and  were  not  involved  in  their  teaching  or
evaluation. The inclusion criteria were that (1) the students were graduating nursing students, (2) the
students participated in a VR simulation, and (3) the students participated in the study voluntarily.
Exclusion criteria were medical conditions (such as migraine) that prevented participation in the VR
simulation.

Immersive Virtual Reality Simulation Game

The immersive VR simulation game employed in the study utilized a head-mounted display (HMD)
and  VR software  featuring  audio-visual  enhancements,  encompassing  graphics,  animations,  and
haptic  feedback.  In  addition,  game elements  such as  points  and feedback systems were used to
promote learning in a nursing context [37], [38]. Developed using the Unity development platform,
the game was developed for compatibility with Oculus Quest devices. This configuration enables
players  to  engage  with  the  virtual  environment  using  hand  controllers,  maneuvering  within  a
simulated hospital setting. The features of the VR simulation game are described below:

The patient scenario: 
 A 59-year-old man with no previous illnesses is transferred from the emergency room to the

department of inner-medicine. 
 The patient has a deteriorating condition involving pneumonia.

Learning goals: 
 Assess the patient's clinical state using the ABCDE approach. 
 Recognize patients care needs. 
 Implement nursing interventions.

The technology: 
 3D patient and hospital environment developed with Unity game engine.
 Single-player game.
 Oculus Quest HMD and hand controllers.

Interaction 
 The user views with HMD 360- degree 3D environment.
 The user moves around the virtual hospital room by natural walking or teleporting. The user

interacts with the patient by choosing options with handcontrollers from option menu. 
 The patient responds with multisensory feedback (audio, visual and physical).

Presented from a first-person view, participants assume the role of a nurse tasked with attending to a
virtual patient afflicted with pneumonia. Equipped with an Oculus Quest HMD and hand controllers,
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users conduct clinical assessments and alleviate the patient’s symptoms (Figure 1). Navigation within
the virtual hospital room is facilitated through a 360-degree viewing capability, permitting users to
either  walk  naturally  or  utilize  teleportation,  a  technique  employing  handheld  controllers  for
movement. The immersive VR simulation game emerged from a collaborative effort across multiple
professions within a Finnish UAS. This VR simulation game has been utilized in various studies,
including those by Havola et al. [27], Mattsson et al. [15], and Mäkinen et al. [39], demonstrating its
efficacy as a learning tool.

Figure 1. Screenshot of the immersive virtual reality simulation game where a student is placing a
pulse oximeter on the virtual patient.

Data Collection

Data were collected by two researchers between May 2021 and February 2022. The individual VR
simulation sessions were facilitated by one researcher. Students received brief information about the
immersive VR simulation game storyline, how to wear the HMD, and how to move and grab things
in the virtual world using hand controllers. The researcher verbally instructed students on technical
issues if needed when they were immersed within the virtual world. The sessions lasted about 30–
45 minutes. 

Nursing  students  filled  an  electronic  questionnaire  before  (PRE-Q)  and  after  (POST-Q)  the  VR
simulation  session.  The  PRE-Q  included  demographic  questions  (age,  gender,  educational
background, work experience in social and health services, previous gaming activity, and previous
experience of virtual reality) and the Basic Empathy Scale in Adults (BES-A)  [40]. The POST-Q
included the Comprehensive State Empathy Scale (CSES) [5] and the AttrakDiff 2.0 Scale [31]. The
instruments used in the study were internationally validated, and permission was obtained for their
use  in  the  study.  To  ensure  cross-cultural  validation  of  the  instruments,   the  validation  process
followed the international ISPOR guidelines [41].

Basic Empathy Scale in Adults (BES-A)

The BES-A consisted of 20 items [40] assessing nursing students’ empathy with a five-point Likert
scale from 1 (completely disagree) to 5 (completely agree). Higher scores indicated higher levels of
empathy. 

Comprehensive State Empathy Scale (CSES)

The CSES [5] measured nursing students’ experience of empathy in the immersive VR simulation
game. Students were asked to rate the extent to which they experienced the emotions listed in the
CSES in their VR patient scenario. The CSES consists of six subscales (Empathic concern, Distress,
Shared affect,  Empathic imagination,  Helping motivation,  and Cognitive empathy)  and 30 items.
Each  CSES item was  scored  using  a  five-point  Likert  scale  from 1  (completely  disagree)  to  5
(completely agree), with higher scores reflecting higher empathy levels. 
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AttrakDiff 2.0 Scale

The AttrakDiff 2.0 questionnaire measured user experience of the immersive VR simulation game
with four subscales, including PQ – Pragmatic quality, HQI – Hedonic quality identification, HQS –
Hedonic quality stimulation, and ATT – Attractiveness, and with 28 items evaluated on a 7-point
semantic differential scale  [31] (Hassenzahl, 2004). AttrakDiff 2.0 is a widely used and validated
method for studying user experience with interactive products [42], [43], [44].

Statistical Analysis

Data  analyses  were  performed  using  SPSS  Statistics  27.0.  In  evaluating  empathy,  descriptive
statistics and frequency tables were used to characterize variables. Subscales were formed based on a
previously determined instrument structure [5], [40]. No severe violations against the prerequisites
of parametric tests were observed in skewness and kurtosis evaluations; therefore, parametric tests
were chosen: An independent-sample t-test and one-way analysis of variance (ANOVA or Welch
test) were used to compare the mean scores of scales and subscales. The correlations between scales
and subscales were examined using the Pearson correlation coefficient. The reliability of scales and
subscales was evaluated with Cronbach’s alpha coefficients.

The AttrakDiff 2.0 questionnaire was analysed with descriptive statistics. Four factors summarise all
their items as (1) PQ – Pragmatic quality (e.g., simple/complicated, practical/impractical), (2) HQI –
Hedonic quality identification (e.g., stylish/tacky, isolating/connective), (3) HQS – Hedonic quality
stimulation (e.g.,  inventive/conventional, repelling/appealing),  and (4) ATT – Attractiveness (e.g.,
ugly/attractive, repulsive/inviting) [31]. The internal consistency was acceptable for all factors: PQ
(α=.76),  HQI  (α=.63),  HQS  (α=.74),  ATT  (α=.80).  The  correlation  between  UX  and  CSES
evaluations was analysed using the Pearson correlation coefficient.

Ethical Considerations

At all  stages of the study, the Responsible conduct of research (RCR) guidelines by the Finnish
National Board on Research Integrity  [45] were followed. Ethical approval was received from the
Human Sciences Ethics Committee of Helsinki Region Universities of Applied Sciences (24.3.2021).
In addition, permissions were obtained from the higher-education organizations from which the data
was collected. The study participants were informed about the study both orally and in writing. They
were told that although playing the game was integrated into their studies, participation in the study
was voluntary and that participation did not affect the participants’ grades or academic evaluation.
Participants were also informed about the mild physical symptoms such as dizziness, eye fatigue, and
nausea that wearing VR headsets may cause. After receiving this information, all participants gave
their written consent to participate in the study.

Results

User Statistics

A total of 52 graduating nursing students participated in the study (Table 1). Most of the students
were aged 21–25 (51.9%). The participants mainly had 1–5 years (42.3%) or less than a year (38.5%)
of work experience in the social and health sector.  Most of the participants (82.7%) had had no
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previous VR experience in the past year, and no one had used an Oculus Quest headset and hand
controllers previously. 
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Table 1. Background variables (n=52). 
n %

Gender
Female 42 80.8
Male 9 17.3
I do not want to tell 1 1.9
Age
21–25 27 51.9
26–30 15 28.8
31–50 10 19.3
Educational background
High-school degree 27 51.9
Practical nurse 11 21.2
Vocational education (other than practical nurse)  3 5.8
Bachelor’s degree (other than nursing) 11 21.2
Work experience in social and 
health services 
Not at all–1 year 22 42.3
1–5 years 22 42.3
Over 5 years 8 15.3
Previous virtual reality experience
in the past year
Less than once a month 9 17.3
Not at all 43 82.7
Experience with Oculus Quest headset and 
hand controllers
Not at all 52 100

Nursing  Students’  Experiences  of  Empathy  in  the  Immersive  Virtual
Reality Simulation Game

The  students’ overall  level  of  empathy experienced in  the  immersive  VR simulation  game was
favorable (CSES) (M 2.9, SD 0.57). The highest level of empathy experienced by nursing students
measured by CSES after the VR simulation session was in the subscale Helping motivation (M 4.0),
while the lowest were in the subscales Distress (M 2.1) and Shared affect (M 2.4) (Table 2). At the
item level, the highest score was in the item “I found myself thinking about what could be done to
help the patient” (M 4.4), indicating a high level of empathy. The lowest level of empathy was
experienced in the item Upset (M 1.4), which, in turn, indicated that the students experienced this
emotion in the immersive VR simulation game to a lesser extent.

Table 2. Nursing students’ experience of empathy in a VR simulation game (n=52).

Comprehensive State Empathy Scale (CSES) Meana SD
Subscale 1 – Empathic concern 3.2 0.74
Compassionate 3.5 1.16
Moved 2.1 0.88

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

Soft-hearted 3.4 0.93
Sympathetic 3.5 0.85
Tender 3.6 0.91
Warm 3.3 1.07
Subscale 2 – Distress 2.1 0.65
Distressed 2.5 1.24
Disturbed 1.8 0.88
Grieved 1.9 1.03
Troubled 3.4 1.05
Upset 1.4 0.64
Afraid 1.7 0.85
Subscale 3 – Shared affect 2.4 0.75
I found that the scenario affected my mood 3.1 1.17
I was very affected by the emotions in this story 1.9 0.93
I actually felt the patient’s distress 2.6 1.13
I experienced the patient’s feelings as if they were my own 1.9 0.98
Subscale 4 – Empathic imagination 2.6 1.06
I found myself imagining how I would feel in the patient’s situation 2.5 1.31
I found myself imagining myself in the patient’s shoes 2.2 1.21
I found myself trying to imagine how things looked to the patient 2.8 1.28
I found myself trying to imagine what the patient was experiencing 3.0 1.24
Subscale 5 – Helping motivation 4.0 0.80
I would really focus on the patient’s emotions if I were caring for him 3.5 1.29
I experienced a strong urge to help the patient 3.9 1.01
I would get really involved in trying to help the patient 4.2 0.82
I found myself thinking about what could be done to help the patient 4.4 0.85
Subscale 6 – Cognitive empathy 2.9 0.81
I  feel  confident  that  I  could accurately  describe  the  patient’s  experience
from his point of view

3.1 1.01

I found it easy to understand the patient’s reactions 3.4 0.97
I found it easy to see how the situation looked from the patient’s point of
view

3.0 1.09

Even though the patient’s life experiences are different to mine, I can really
see things from his perspective

3.0 1.07

I am sure that I know how the patient was feeling 2.5 1.11
I feel confident that I could accurately describe how the patient felt 2.7 1.08

Overall CSES 2.9 0.57
a A five-point Likert scale with responses ranging from 1 (completely disagree) to 5 (completely
agree), with higher scores reflecting higher empathy levels.

Factors  Associated  with  the  Experience  of  Empathy  during  the
Immersive VR Simulation Game

Participants  who  had  a  higher  level  of  empathy  (BES-A)  before  playing  the  immersive  VR
simulation game also experienced slightly more feelings of empathy after playing (CSES). However,
the association between the measures was not statistically significant (r=.187,  P=.18). The overall
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empathy  experienced  in  the  immersive  VR simulation  game  was  positively  correlated  with  its
subscales.  The strongest  positive correlation in  the subscales of empathy was between empathic
concern and empathic imagination (r=.666, P<.001; Table 3).

Table 3. The correlations between CSES subscales and BES-A.
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Variables Empathic

concern

Distress Shared

affect

Empathic

imagination

Helping

motivation

Cognitive

empathy

BES-A

r P r P r P r P r P r P r P
CSES .807 <.001 .46

6

<.00

1

.747 <.001 .834 <.001 .623 <.001 .778 <.001 .187 .18

4
Empathic

concern

.16

4

.245 .479 <.001 .666 <.001 .517 <.001 .552 <.001 .270 .05

3
Distress .490 <.001 .227 .106 .049 .731 .145 .306 .126 .37

5
Shared affect .571 <.001 .367 .007 .418 .002 .146 .30

0
Empathic

imagination

.395 .004 .631 <.001 .090 .52

5
Helping

motivation

.434 .001 .240 .08

7
Cognitive

empathy

-.02

0

.88

9
r= Pearson correlation coefficient
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The relationship between the background variables and overall empathy experienced in
the immersive VR simulation game is presented in Table 4. Background variables did not
have a statistically significant association with the overall empathy experienced in the VR
game. Examined by subscales, age was associated with cognitive empathy (F2, 49=3.926,
Pp = 0.03) and distress (F2, 49=2.833, df=2,  Pp = 0.07)  experienced in the game as
follows: The experience of cognitive empathy was greater in the 31–50 age group (M 3.6,
SD 0.78) than in the 21–25 (M 2.8, SD 0.79) and 26–30 (M 2.9, SD 0.73) age groups.
Those aged 21 to 25 experienced more distress (M 2.3, SD 0.60) than respondents aged
26 to 30 (M 1.9, SD 0.68) or 31 to 50 (M 1.9, SD 0.60).

Table 4. The relationship between background variables and the experience of empathy in
the immersive VR simulation game.

n Mea
n

SD ta/Fb,c (df) P

Gender 0.137 (49) .89a

Male 9 2.9 0.6
1

Female 4
2

2.9 0.5
7

Age .59b

21–25 2
7

2.8 0.6
2

26–30 1
5

2.8 0.5
1

31–50 1
0

3.0 0.5
3

Educational background 0.441  (3,
48)

.73b

High-school degree 2
7

2.8 0.6
1

Practical nurse 1
1

2.9 0.4
0

Vocational education (other than practical
nurse)

3 2.5 0.3
5

Bachelor’s  degree  (other  than  practical
nurse)

1
1

2.9 0.6
7

Work  experience  in  social  and  health
services

1.274  (2,
18)

.30c

Not at all–1 year 2
2

2.7 0.7
2

1–5 years 2
2

3.0 0.3
5
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Over 5 years 8 2.8 0.5
6

a t-test.
b One-way ANOVA.
c Welch.

When  examining  the  subscales  of  empathy,  educational  background  had  a  weak
association with distress experienced in the immersive VR simulation game (F3, 48=2.593,
P=.06). Students with higher-degree education experienced more feelings of distress (M
2.3, SD 0.59) than other participants. Work experience seemed to be related to shared
affect during the game (F2, 25=3.307, P=.05).    Those who had worked for more than
5 years experienced less (M 2.0, SD 0.43) shared affect in the 
game than other participants (Table 5).

Table 5. The relationship between background variables and empathy subscales in a VR
simulation (n=52).
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Variables  
  

   Empathic
concern  

Distress   Shared affect   Empathic
imagination  

Helping
motivation  

Cognitive
empathy  

   n   M   SD   P    F/t
test
(df)

M   SD   P    F/t
test
(df)

M   SD   P    F/t
test
(df)

M   SD   P   F/t
test
(df)

M   SD   P   F/t
test
(df)

M   SD   P   F/t
test
(df)

Gender            .91a 0.11
0
(49)

      .71
a   
-

0.37
3
(49)

      .84 a  
 

0.20
7 (9)

      .8
6 a

  

0.176
(49)

      .9
3 a

 

0.09
3
(49) 

      .7
8 a

  

0.27
8
(49)

Male   9   3.2  0.55     2.0  0.75     2.4  1.14     2.7  1.25     4.0  0.72     3.0  1.00    

Female   42  3.2  0.79     2.1  0.61     2.4  0.67     2.6  1.04     4.0  0.83     2.9  0.78    

                                                           

Age            .55b 0.61
2  (2,
49) 

      .07
b  

2.83
3  (2,
49) 

      .98 b 
0.01
7 

(2,
49)

      .4
1 b

  

0.896
(2,
49)

      .7
1 b

0.34
5  (2,
49)  

      .0
3 b

 

3.92
6  (2,
49) 

21–25   27  3.1  0.77     2.3  0.60     2.4  0.72     2.5  1.04     4.0  0.83     2.8  0.79    

26–30   15  3.4  0.74     1.9  0.68     2.4  0.65     2.5  1.00     4.0  0.63     2.9  0.73    

31–50   10  3.3  0.69     1.9  0.60     2.4  1.04     3.0  1.23     4.2  0.97     3.6  0.78    

                                                           

Educational
background  

         .64
b  

0.56
7  (3,
48) 

      .06
b  

2.59
3  (3,
48) 

      .69 b  0.49
2  (3,
48) 

      .3
6 b

 

1.090
(3,48) 
 

      .7
7 b

 

0.37
9  (3,
48) 

      .4
0 b

  

1.01
4  (3,
48)

High-school
degree  

27  3.1  0.87     2.3  0.59     2.5  0.65     2.6  1.01     3.9  0.84     2.8  0.83    

Practical
nurse  

11  3.3  0.49     1.8  0.68     2.4  0.85     2.8  0.92     4.2  0.89     3.3  0.52    

Vocational
education (othe
r than practical

3   3.2  0.50     1.7  0.33     1.9  0.63     1.7  0.95     3.8  0.14     2.9  0.38    
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nurse) 
Bachelor's
degree other
than  practical
nurse)  

11  3.4  0.68     2.0  0.67     2.3  0.96     2.8  1.30     4.1  0.73     3.0  1.04    

                                                           

Work
experience  in
social  and
health
services   

         .23c 1.55
7  (2,
27) 

      .13b

 
2.24
0  (2,
19) 

      .05 b  3.30
7  (2,
25)  

      .3
1 b  

1.258
(2,
20) 

      .1
4 b  

2.23
5  (2,
17) 

   .4
3 b  

0.88
6  (2,
18) 

0-1 year   22  3.0  0.95     2.2  0.52     2.4  0.93     2.4  1.18     3.8  0.85     2.8  0.99    

1-5 years   22  3.4  0.56     2.2  0.70     2.5  0.62     2.9  0.93     4.3  0.58     2.9  0.56    

Over 5 years   8   3.4  0.34     1.6  0.66     2.0  0.43     2.4  1.05     4.0  1.06     3.3  0.85    
a t-test.
b One-way ANOVA.
c Welch.
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User Experience in the Immersive VR Simulation Game

Use of the VR simulation provided a positive user experience in all four factors (Figures
2  and  3).  The  simulation  was  experienced  as  stimulating  (M  1.6),  and  this  was
highlighted  in  items  such  as  being  novel,  captivating,  or  innovative  (M  2.0–2.2).
However, the VR simulation was experienced neither as challenging nor undemanding
(M 0.1). The simulation was experienced as being attractive (M 1.6) and, in more detail,
as  being  good,  motivating,  and inviting  (M 1.9–2.1).  Regarding  hedonic  quality,  the
participants were able to positively identify themselves with a situation of simulation (M
1.1). This was experienced positively as being presentable, integrating, and professional
(M 1.3–1.9). The VR simulation was also found mildly positive in its pragmatic quality
(M 0.5). Although the VR simulation was experienced as practical and manageable (M
1.3–1.9),  it  was  seen  as  slightly  technical  (M  0.4)  and  neutral  in  the  scales  of
complicated–simple and cumbersome–straightforward (M 0.1).

Figure  2.  Mean user  experience for  the  VR simulation.  The error  bars  show the 95-
percent CI of the mean.

Figure 3. Mean user experience per item for the VR simulation. The error bars show the
95-percent CI of the mean.

Correlation Between Overall UX and CSES

Correlation between the overall UX and CSES ratings was not statistically significant
(r=−.166, P=.240). In the subscale analysis, overall UX and Emotion sharing correlated
positively (r=−.248, P=.42), as did Attractiveness and Emotion sharing (r=−.327, P=.18).
Hedonic  quality  –  stimulation  correlated  positively  with  Cognitive  empathy  (r=.279,
P=.45). All other correlations between the subscales were non-significant (P>.05).

Discussion

Principal Results

The purpose of this study was to investigate nursing students’ experiences of empathy by
playing  an  immersive  VR  simulation  game.  The  overall  aim  was  to  contribute  to
increased discussion related to the educational use of VR by creating new information
about  learning empathy in  nursing  education  by interacting with virtual  patients  in  a
game. The findings presented herein corroborate prior research, indicating a pronounced
inclination  among  nursing  students  towards  the  utilization  of  VR  simulation  as  an
educational modality [15]. 

The main results of this study were that nursing students experienced some feelings of

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

empathy when playing the immersive VR simulation game, which is in line with previous
evidence  [15], [46]. Nursing students experienced the simulation as helping especially
motivation and empathic concern. These results are consistent with those of Mattsson et
al.  [15],  which showed that nursing students experienced compassion and feelings of
concern during a VR simulation game. In addition, the results further support the idea
that acting in the role of a nurse might arouse willingness to help the patient and feelings
of empathetic concern [5], [15].

In this study, playing the immersive VR simulation game clearly evoked more positive
than  negative  emotions  in  nursing  students.  Positive  emotions  experienced  by  the
participants included tenderness, compassion, and sympathy. Negative emotions, such as
being  upset,  afraid,  or  disturbed,  were  experienced  clearly  less,  confirming  previous
study results [15]. This result is positive as regards learning, because feelings of anxiety,
insecurity,  and fear  negatively affect  empathy  [3],  [4],  whereas  a  strong professional
identity, a sense of control at work, and putting oneself in another person’s shoes increase
empathy [3], [4], [5], [14]. Feeling less distress could be explained by the suitability of
the immersive VR simulation game for the stage of the participants’ studies and their
current competence level.

The participants felt  a strong motivation to help during the immersive VR simulation
game. It manifested itself in thinking about what could be done to help the patient, trying
to  get  really  involved  in  helping  the  patient,  experiencing  a  strong urge  to  help  the
patient, and focusing on the patient’s emotions when they were caring for him. These
results  seem  to  be  consistent  with  previous  research  which  has  indicated  that  VR
simulation increases empathy  [1], [10], [12], [26] and represents a usable method for
teaching and learning empathy [15]. These results further support the idea that simulation
training  increases  empathy  during  nursing  education  and  helps  identify  professional
behavior in patient relationships [18]. 

In the present study, nursing students played the role of a nurse in the VR simulation,
which differs from many other studies where students have played more the role of a
patient  [10],  [19],  [20].  Beforehand,  there  has  been evidence  that  the most  effective
simulation exercises for learning empathy are those in which the learner takes on the role
of a patient [18], but the results of this study support the results by Levett-Jones et al. [5]
which demonstrated  an increase in  empathy in  participants  who played the  role  of  a
caregiver.

Our  results  revealed  that  the  participants  felt  that  they  understood  the  patient’s
perspective  and  emotions  to  some  extent,  and  emotional  sharing  was  fairly  limited
between the virtual patient and the participants. The cognitive and affective dimensions
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of empathy can be improved by interventions in which the student represents a specific
role, such as the role of a nurse [14], and thus this immersive VR simulation game may
not have been optimally successful in promoting the cognitive and affective dimensions
of empathy. 

Background variables had no statistically significant association with overall  empathy
(CSES). However, cognitive empathy was greater in the older age group than in younger
groups.  In  addition,  younger  participants  experienced  more  distress  than  older  ones.
These differences can be explained in part by the life experience of older participants [3].
Work experience seemed to be related to shared affect, referring, for example, to how the
scenario affected students’ mood and their experiencing the patient’s feelings as if they
were their  own. Those who had worked for more than 5 years experienced little  less
shared affect than other participants.

The results of the user-experience assessment showed that the immersive VR simulation
game offered a positive user experience.  Overall,  this indicated a good game quality,
enabling users to achieve set goals with it, and supporting stimulation, identification, and
being attractive. The results also showed that the user experience within a simulation can
correlate with some aspects of empathy, such as emotion sharing and cognitive empathy.
This underlines the need for high-quality VR simulations when learning empathy. The
experienced  pragmatic  quality  of  the  VR  simulation,  and  participants  limited  prior
experience  with  VR technology,  might  have  had a  small  influence  on  the  results.  In
previous studies conducted with participants with little or no prior experience with VR
technology, technology has been reported to capture the participants’ attention to some
extent [15], [28].

Limitations

The data set was relatively small for a quantitative study, and therefore, these results need
to  be  interpreted  with  caution.  Usually,  cross-sectional  studies  are  quite  quick  and
inexpensive to conduct  [47], but our data collection with the immersive VR simulation
game  during  2021–2022  required  the  researchers  to  make  considerable  practical
arrangements due to restrictions set  forth by the Covid-19 pandemic and the constant
changes it caused in teaching arrangements. This brought about a lot of challenges for
data collection. Therefore, the data can be considered reasonable, especially considering
that the participants came from three different universities of applied sciences and three
different  cities.  However,  since  participation  was  voluntary  and  the  VR  simulation
sessions were not part of normal teaching, students with interest in VR were more likely
to participate than those not interested in such technology. This could cause sampling bias
[47], which could undermine the reliability and generalizability of the study. However,
the strength of this study is that multiple outcomes were studied with previously validated
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instruments, improving the validity of our results.

Conclusions

The results of this study on the use of an immersive VR simulation game in nursing
education  as  a  means of  increasing empathy seem promising,  as  the students  mainly
experienced positive emotions strengthening their  own clinical competence in the VR
simulation environment. Based on the results, the use of an immersive VR simulation
game to practice empathy skills  seems justified in nursing education.  However,  more
research is needed on what kinds of VR environments are the most effective in promoting
empathy  among  nursing  students,  and  on  whether  playing  a  VR  simulation  game
repeatedly improves the game’s positive effects on learning. To improve the game in the
future, more attention needs to be paid to pragmatic quality, such as making the game less
technical and more simple, straightforward, and predictable.

Acknowledgements

Please include all authors’ contributions, funding information, financial disclosure, role of
sponsors,  and  other  acknowledgements  here.  This  description  should  include  the
involvement, if any, in review and approval of the manuscript for publication and the role
of sponsors. Omit if not applicable.

Conflicts of Interest

None declared.

Abbreviations

BES-A: Basic Empathy Scale in Adults
CSES: Comprehensive State Empathy Scale 
HMD: head-mounted display 
PRE-Q: an electronic questionnaire before the VR simulation session
POST-Q: an electronic questionnaire after the VR simulation session
UAS: university of applied sciences
UX: user experience
VR: virtual reality

References

[1] M. Brydon et al., “Virtual Reality as a Tool for Eliciting Empathetic Behaviour in
Carers: An Integrative Review,” J. Med. Imaging Radiat. Sci., vol. 52, no. 3, pp. 466–
477, Sep. 2021, doi: 10.1016/j.jmir.2021.04.005.

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

[2] I.  M.  Nembhard,  G.  David,  I.  Ezzeddine,  D.  Betts,  and  J.  Radin,  “A  systematic
review of research on empathy in health care,” Health Serv. Res., vol. 58, no. 2, pp.
250–263, Apr. 2023, doi: 10.1111/1475-6773.14016.

[3] C.  C.  YU  et  al.,  “The  development  of  empathy  in  the  healthcare  setting:  a
qualitative  approach,”  BMC  Med.  Educ.,  vol.  22,  p.  245,  Apr.  2022,  doi:
10.1186/s12909-022-03312-y.

[4] M.  Moudatsou,  A.  Stavropoulou,  A.  Philalithis,  and  S.  Koukouli,  “The  Role  of
Empathy in Health and Social Care Professionals,” Healthc. Basel Switz., vol. 8, no.
1, p. 26, Jan. 2020, doi: 10.3390/healthcare8010026.

[5] T.  Levett-Jones  et  al.,  “Measuring  the  impact  of  a  ‘point  of  view’  disability
simulation  on  nursing  students’  empathy  using  the  Comprehensive  State
Empathy  Scale,”  Nurse  Educ.  Today,  vol.  59,  pp.  75–81,  Dec.  2017,  doi:
10.1016/j.nedt.2017.09.007.

[6] “EBSCOhost  |  134822567 |  Empathy:  A Concept Analysis.”  Accessed:  May 05,
2024.  [Online].  Available:
https://eds-p-ebscohost-com.libproxy.helsinki.fi/abstract?
site=eds&scope=site&jrnl=10915710&AN=134822567&h=xICNy08Dz
%2f1nmsmhwCt7GxJokLxzvzxFMrKD91wvtF1O
%2bmePnACljK0OM84QmxEs0XFXIDftGDC9XojDlUY8vg%3d
%3d&crl=c&resultLocal=ErrCrlNoResults&resultNs=Ehost&crlhashurl=login.as
px%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype
%3dcrawler%26jrnl%3d10915710%26AN%3d134822567

[7] D. Webster, “Promoting empathy through a creative reflective teaching strategy:
a mixed-method study,”  J. Nurs. Educ., vol. 49, no. 2, pp. 87–94, Feb. 2010, doi:
10.3928/01484834-20090918-09.

[8] S. H. Konrath, E. H. O’Brien, and C. Hsing, “Changes in dispositional empathy in
American college students over time:  a  meta-analysis,”  Personal.  Soc.  Psychol.
Rev. Off. J. Soc. Personal. Soc. Psychol. Inc, vol. 15, no. 2, pp. 180–198, May 2011,
doi: 10.1177/1088868310377395.

[9] S. Gholamzadeh, M. Khastavaneh, Z. Khademian, and S. Ghadakpour, “The effects
of empathy skills training on nursing students’ empathy and attitudes toward
elderly  people,”  BMC  Med.  Educ.,  vol.  18,  no.  1,  p.  198,  Aug.  2018,  doi:
10.1186/s12909-018-1297-9.

[10] A.  Ward,  A.  Mandrusiak,  and  T.  Levett-Jones,  “Cultural  empathy  in
physiotherapy students: a pre-test post-test study utilising virtual simulation,”
Physiotherapy,  vol.  104,  no.  4,  pp.  453–461,  Dec.  2018,  doi:
10.1016/j.physio.2018.07.011.

[11] M. Neumann et al., “Empathy decline and its reasons: a systematic review of
studies with medical students and residents,” Acad. Med. J. Assoc. Am. Med. Coll.,
vol. 86, no. 8, pp. 996–1009, Aug. 2011, doi: 10.1097/ACM.0b013e318221e615.

[12] S. Ventura, L. Badenes-Ribera, R. Herrero, A. Cebolla, L. Galiana, and R. Baños,
“Virtual  Reality  as  a  Medium  to  Elicit  Empathy:  A  Meta-Analysis,”
Cyberpsychology Behav. Soc. Netw., vol. 23, no. 10, pp. 667–676, Oct. 2020, doi:
10.1089/cyber.2019.0681.

[13] N.  Everson,  T.  Levett-Jones,  and  V.  Pitt,  “The  impact  of  educational
interventions  on  the  empathic  concern  of  health  professional  students:  A

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

literature  review,”  Nurse  Educ.  Pract.,  vol.  31,  pp.  104–111,  Jul.  2018,  doi:
10.1016/j.nepr.2018.05.015.

[14] P.  Bas-Sarmiento,  M.  Fernández-Gutiérrez,  M.  Baena-Baños,  A.  Correro-
Bermejo,  P.  S.  Soler-Martins,  and S.  de la Torre-Moyano, “Empathy training in
health sciences: A systematic review,” Nurse Educ. Pract., vol. 44, p. 102739, Mar.
2020, doi: 10.1016/j.nepr.2020.102739.

[15] K.  Mattsson,  E.  Haavisto,  S.  Jumisko-Pyykkö,  and  J.-M.  Koivisto,  “Nursing
Students’  Experiences  of  Empathy  in  a  Virtual  Reality  Simulation  Game:  A
Descriptive  Qualitative  Study,”  Comput.  Inform.  Nurs.  CIN,  Apr.  2024,  doi:
10.1097/CIN.0000000000001132.

[16] S.  Juan  and  K.  A.  O’Connell,  “A  Systematic  Review  of  the  Application  of
Simulation to  Promote Empathy in  Nursing Education,”  Simul.  Healthc.  J.  Soc.
Simul. Healthc., Jan. 2024, doi: 10.1097/SIH.0000000000000775.

[17] T.  Levett-Jones,  R.  Cant,  and  S.  Lapkin,  “A  systematic  review  of  the
effectiveness of empathy education for undergraduate nursing students,”  Nurse
Educ. Today, vol. 75, pp. 80–94, Apr. 2019, doi: 10.1016/j.nedt.2019.01.006.

[18] M.  Bearman,  C.  Palermo,  L.  M.  Allen,  and  B.  Williams,  “Learning  Empathy
Through  Simulation:  A  Systematic  Literature  Review,”  Simul.  Healthc.  J.  Soc.
Simul.  Healthc.,  vol.  10,  no.  5,  pp.  308–319,  Oct.  2015,  doi:
10.1097/SIH.0000000000000113.

[19] S.  V.  Brammer,  S.  L.  Regan,  C.  M.  Collins,  and  G.  L.  Gillespie,  “Developing
Innovative  Virtual  Reality  Simulations  to  Increase  Health  Care  Providers’
Understanding of Social Determinants of Health,” J. Contin. Educ. Health Prof., vol.
42, no. 1, pp. 60–65, Jan. 2022, doi: 10.1097/CEH.0000000000000400.

[20] E.  Dyer,  B.  J.  Swartzlander,  and  M.  R.  Gugliucci,  “Using  virtual  reality  in
medical education to teach empathy,” J. Med. Libr. Assoc. JMLA, vol. 106, no. 4, pp.
498–500, Oct. 2018, doi: 10.5195/jmla.2018.518.

[21] S. Mandal, “Brief Introduction of Virtual Reality & its Challenges,” vol. 4, no. 4,
2013.

[22] H. Mäkinen, E.  Haavisto,  S. Havola,  and J.-M. Koivisto,  “User experiences of
virtual  reality  technologies  for  healthcare  in  learning:  an  integrative  review,”
Behav.  Inf.  Technol.,  vol.  41,  no.  1,  pp.  1–17,  Jan.  2022,  doi:
10.1080/0144929X.2020.1788162.

[23] M. Slater,  “Immersion and the illusion of presence in virtual  reality,”  Br.  J.
Psychol.  Lond.  Engl.  1953,  vol.  109,  no.  3,  pp.  431–433,  Aug.  2018,  doi:
10.1111/bjop.12305.

[24] J.-M.  Koivisto,  T.  Buure,  J.  Engblom,  K.  Rosqvist,  and  E.  Haavisto,  “The
effectiveness  of  simulation  game  on  nursing  students’  surgical  nursing
knowledge—a quasi-experimental study,”  Teach. Learn. Nurs., vol. 19, no. 1, pp.
e22–e29, Jan. 2024, doi: 10.1016/j.teln.2023.08.006.

[25] S. Shorey, T. L.-B. Pereira, W. Z. Teo, E. Ang, T. C. Lau, and D. D. Samarasekera,
“Navigating  nursing  curriculum  change  during  COVID-19  pandemic:  A
systematic review and meta-synthesis,”  Nurse Educ. Pract.,  vol.  65,  p.  103483,
Nov. 2022, doi: 10.1016/j.nepr.2022.103483.

[26] N. Benedict, K. Schonder, and J. McGee, “Promotion of self-directed learning
using virtual patient cases,” Am. J. Pharm. Educ., vol. 77, no. 7, p. 151, Sep. 2013,

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

doi: 10.5688/ajpe777151.
[27] S. Havola, E. Haavisto, H. Mäkinen, J. Engblom, and J.-M. Koivisto, “The Effects

of Computer-Based Simulation Game and Virtual Reality Simulation in Nursing
Students’ Self-evaluated Clinical Reasoning Skills,” Comput. Inform. Nurs. CIN, vol.
39, no. 11, pp. 725–735, May 2021, doi: 10.1097/CIN.0000000000000748.

[28] M.  M.  Saab  et  al.,  “Nursing  students’  views  of  using  virtual  reality  in
healthcare: A qualitative study,”  J. Clin. Nurs., vol. 31, no. 9–10, pp. 1228–1242,
May 2022, doi: 10.1111/jocn.15978.

[29] M.  Hassenzahl  and  N.  Tractinsky,  “User  experience  -  a  research  agenda,”
Behav.  Inf.  Technol.,  vol.  25,  no.  2,  pp.  91–97,  Mar.  2006,  doi:
10.1080/01449290500330331.

[30] M. Hassenzahl, M. Burmester, and F. Koller, “User Experience Is All There Is:
Twenty Years of Designing Positive Experiences and Meaningful Technology,”  -
Com, vol. 20, no. 3, pp. 197–213, Dec. 2021, doi: 10.1515/icom-2021-0034.

[31] M.  Hassenzahl,  “The  Interplay  of  Beauty,  Goodness,  and  Usability  in
Interactive  Products,”  Human–Computer  Interact.,  vol.  19,  no.  4,  pp.  319–349,
Dec. 2004, doi: 10.1207/s15327051hci1904_2.

[32] S.  Mahlke,  “User  Experience  of  Interaction  with  Technical  Systems,”  May
2008.  Accessed:  May  05,  2024.  [Online].  Available:
https://www.semanticscholar.org/paper/User-Experience-of-Interaction-with-
Technical-Mahlke/79896db42ecc9decaab9c550039cec3f844db956

[33] 14:00-17:00,  “ISO 9241-210:2019,”  ISO.  Accessed:  May 05,  2024.  [Online].
Available: https://www.iso.org/standard/77520.html

[34] E. B.-N. Sanders and P. J. Stappers, “Co-creation and the new landscapes of
design,”  CoDesign,  vol.  4,  no.  1,  pp.  5–18,  Mar.  2008,  doi:
10.1080/15710880701875068.

[35] E.  L.-C.  Law  and  M.  Heintz,  “Augmented  reality  applications  for  K-12
education:  A  systematic  review  from  the  usability  and  user  experience
perspective,”  Int.  J.  Child-Comput.  Interact.,  vol.  30,  p.  100321,  Dec.  2021,  doi:
10.1016/j.ijcci.2021.100321.

[36] J. R. G. P. R. FAAN and S. K. G. P. R. A.-B. GNP-BC, Burns and Grove’s The Practice
of Nursing Research: Appraisal, Synthesis, and Generation of Evidence , 9th edition.
St. Louis, Missouri: Elsevier, 2020.

[37] J.-M. Koivisto, E. Haavisto, H. Niemi, J. Katajisto, and J. Multisilta, “Elements
Explaining Learning Clinical Reasoning Using Simulation Games,”  Int. J. Serious
Games, vol. 3, no. 4, Art. no. 4, Dec. 2016, doi: 10.17083/ijsg.v3i4.136.

[38] J.-M. Koivisto, J. Multisilta, H. Niemi, J. Katajisto, and E. Eriksson, “Learning by
playing: A cross-sectional descriptive study of nursing students’ experiences of
learning clinical reasoning,” Nurse Educ. Today, vol. 45, pp. 22–28, Oct. 2016, doi:
10.1016/j.nedt.2016.06.009.

[39] H.  Mäkinen,  E.  Haavisto,  S.  Havola,  and J.-M.  Koivisto,  “Graduating nursing
students’ user experiences of the immersive virtual reality simulation in learning
- A qualitative descriptive study,” Nurs. Open, vol. 10, no. 5, pp. 3210–3219, May
2023, doi: 10.1002/nop2.1571.

[40] A. Carré, N. Stefaniak, F. D’Ambrosio, L. Bensalah, and C. Besche-Richard, “The
Basic  Empathy  Scale  in  adults  (BES-A):  factor  structure  of  a  revised  form,”

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

Psychol. Assess., vol. 25, no. 3, pp. 679–691, Sep. 2013, doi: 10.1037/a0032297.
[41] D. Wild  et al.,  “Principles of Good Practice for the Translation and Cultural

Adaptation Process for Patient-Reported Outcomes (PRO) Measures: report of
the ISPOR Task Force for Translation and Cultural Adaptation,”  Value Health J.
Int. Soc. Pharmacoeconomics Outcomes Res., vol. 8, no. 2, pp. 94–104, 2005, doi:
10.1111/j.1524-4733.2005.04054.x.

[42] M. Hassenzahl, A. Platz, M. Burmester, and K. Lehner, “Hedonic and ergonomic
quality  aspects  determine  a  software’s  appeal,”  in  Proceedings  of  the  SIGCHI
conference on Human Factors in Computing Systems,  in CHI ’00. New York, NY,
USA:  Association  for  Computing  Machinery,  Apr.  2000,  pp.  201–208.  doi:
10.1145/332040.332432.

[43] L. Sassatelli et al., “New interactive strategies for virtual reality streaming in
degraded context  of  use,”  Comput.  Graph.,  vol.  86,  pp.  27–41,  Feb.  2020,  doi:
10.1016/j.cag.2019.10.005.

[44] L. Takahashi and K. Nebe, “Observed differences between lab and online tests
using the AttrakDiff semantic differential scale,”  J. Usability Stud., vol. 14, no. 2,
pp. 65–75, Feb. 2019.

[45] “Ethical_review_in_human_sciences_2020.pdf.” 
[46] J. A. Hannans, C. M. Nevins, and K. Jordan, “See it, hear it, feel it: embodying a

patient experience through immersive virtual reality,” Inf. Learn. Sci., vol. 122, no.
7/8, pp. 565–583, Jan. 2021, doi: 10.1108/ILS-10-2020-0233.

[47] X. Wang and Z. Cheng, “Cross-Sectional Studies: Strengths, Weaknesses, and
Recommendations,”  Chest,  vol.  158, no. 1, Supplement, pp. S65–S71, Jul.  2020,
doi: 10.1016/j.chest.2020.03.012.

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

Supplementary Files

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

Figures

https://preprints.jmir.org/preprint/62688 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koivisto et al

Screenshot of the immersive virtual reality simulation game where a student is placing a pulse oximeter on the virtual patient.
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Mean user experience of the VR simulation. The error bars show 95 percent CI of the mean.
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Mean user experience per item of the VR simulation. The error bars show 95 percent CI of the mean.
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