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Abstract 
Background: Virtual Reality (VR) has proven to be an interesting and expanding tool for healthcare 
education, especially with the impact of the Sense of Presence (SoP) on learning. The study was designed 
to investigate to what extent users’ social and internal factors might influence the SoP and to further 
identify members of occupations’ characteristics influencing immersive experiences. 
Method: A cross-sectional study immersing 83 undergraduate students (ambulance attendants, students 
nurses, and medical students) in a mass casualty incident simulation was performed. Questionnaires were 
administred to assess personal, environmental, and experiential in pre and post-simulation. 
Results: SoP was associated with gender, disaster medicine education, propensity for immersion, 
and members of occupations.. Immersion characteristics specific to occupational categories have been 
identified. 
Conclusion: Personal differences were discovered between ambulance attendants, students nurses, and 
medical students. Consideration should be given on how best practices could promote the design of VR 
experiences that cater to professional groups’ needs. Identifying in the future what level of experience 
is needed for a sufficient SoP also seems necessary. 
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Introduction 

Over the last few years, the use of Virtual Reality (VR)
has moved from global entertainment ( Dara et al., 2012 )
to various fields: gaming, military and aviation trainings,

Key Points 
• VR simulation has 

been proven to be 
an interesting training 

tool in critical care 
and disaster medicine 

• To date, research was 
mainly conducted re- 
garding impact of the 
media on the Sense of 
Presence 

• Getting deeper into 

factors potentially in- 
fluencing the Sense of 
Presence might help 

understanding why 

identical medium 

induce heterogenous 
scores 

architectural design, psy-
chosocial therapy and
education. In healthcare,
VR has been mainly
adopted for therapeutical
purposes, (e.g. managing
phobia or anxiety through
VR exposing therapy)
( Freeman et al., 2017 ;
Neri et al., 2017 ), and
educational purposes (e.g.
surgical procedures, team-
work) ( Diegmann et al.,
2015 ; Englund, Olofsson,
& Price, 2017 ). 

This versatility and
multipurpose application
are particularly relevant
given the challenges and
perspectives of medical
and paramedical educa-
tion ( Chan & Zary, 2019 ).

Indeed, these disciplines require clinical, and practical
education while ensuring patient safety. VR growth in
healthcare was therefore made possible by potential ben-
efits including lower costs related to human and material
resources ( Pottle, 2019 ), greater opportunity to duplicate
potentially hazardous environments ( Bal, 2012 ), greater
respect for ethical considerations ( Logishetty et al., 2019 )
and better data collection and feedback ( Grassini et al.,
2020 ). The present study was designed to further in-
vestigate VR for educational purposes by analyzing
factors that may influence the Sense of Presence (SoP).

Theoretical Framework 

From the outset, research on VR have shown a particu-
lar interest in SoP ( Slater et al., 1996 ). SoP is essential
to make the environment feel "real" and the learning ex-
perience effective. Indeed, higher SoP during VR simula-
tions appears to be linked to greater educational impact
( Grassini et al., 2020 ). 

These elements (educational impact) indicate the im-
portance of being acknowledged by the factors potentially
influencing the SoP. In a previous work ( Servotte et al.,
2020 ), authors aimed to explore the elements influencing
the SoP using a Mass Casualty Incident-Immersive Sim-
ulation (MCI-IS) for nursing and medical students. Re-
sults from this study helped compile a framework identi-
fying several parameters affecting the SoP and their in-
teractions ( Figure 1 ). This study pointed out the need
to specifically identify which factors, especially social
and internal, might influence the SoP. Getting deeper
into that framework might help understanding why iden-
tical medium induce heterogenous SoP scores ( Alsina-
Jurnet & Gutiérrez-Maldonado, 2010 ). Therefore this study
aims to further investigate these previous results from
Servotte et al. (2020) by understanding to what extent so-
cial and internal factors of the users might influence the
SoP and to further identify immersive characteristics spe-
cific to different members of occupations. 

SoP is a subjective experience resulting from the feeling
of being effectively present in the environment ( Bowman
& McMahan, 2007 ). This SoP is influenced by 2 ma-
jor components, allowing real cognitive, physical, emo-
tional and behavioural responses: the place illusion (feel-
ing of being in the environment), and the plausibility
(linked to the accuracy of the scenario) ( Slater & Sanchez-
Vives, 2016 ). Apart from these 2 features, SoP is also im-
pacted by technological, and human factors. In their study,
Servotte et al. (2020) , synthetized the factors impacting
SoP into 7 categories: 

1 User’s level of control 
2 System factor 
3 Stress 
4 Internal factors 
5 Social factors 
6 Pictoral realism 

7 VR sickness 

“User’s level of control” refers to the fact that be-
ing able to actively control the environment and allow-
ing body movements lead to greater SoP ( Persky et al.,
2009 ). A high-quality head-mounted (HDM) display of-
fering better pictoral realism to replicate a high fidelity
environment can enhance the SoP ( Diemer et al., 2015 ;
Huber et al., 2018 ). These factors are included in “Pictoral
realism” and “System factor” categories. “Internal factors”
dimension refers to personal and cognitive characteristics
that lead to a greater SoP. Empathy, imagination, high im-
mersion propensity and high spatial intelligence have all
been found to be internal factors that could influence the
SoP ( Wallach et al., 2010 ). Negative correlation between
the SoP and cybersickness is represented by the dimen-
sion “VR sickness.” Indeed, numerous studies have shown
that higher cybersickness scores would decrease presence
( Ling et al., 2013 ). Despite occasional mitigated results,
strong emotions (“Stress” category) are generally associ-
ated with greater SoP ( Diemer et al., 2015 ). Finally, some
studies have analyzed the impact of social factors. For ex-
ample, female participants are more likely to have higher
SoP ( Grassini et al., 2020 ). 

To date, there is a large literature analyzing the im-
pact of the media (User’s level of control, System factor,
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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Figure 1 Servotte-Ghuysen framework depicting relationships between factors identified and sense of presence. Note.VR = virtual 
reality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pictoral Realism, VR sickness) on SoP ( Alsina-Jurnet &
Gutiérrez-Maldonado, 2010 ). However, few studies have
addressed social factors (e.g. members of occupations)
that are particulary relevant in healthcare education. In-
deed, since healthcare is multidisciplinary, VR environ-
ments might be designed for different members of oc-
cupations. Moreover, psychological components, such as
coping style, impact healthcare teams, and care manage-
ment ( Koziel et al., 2015 ). A better understanding of how
these social and internal factors relate to the SoP may help
in developing better VR educational pathways specific to
each type of participant. Finally, this second study aimed
at clarifying and expanding the original framework. 

Methods 

Design 

A cross-sectional study was performed to address the fol-
lowing research questions: 

1) What are the factors influencing the SoP in a MCI-SI?
2) How is the immersion process modulated among mem-

bers of occupations? 

Mass Casualty Incident-Immersive Simulation 

Design 

The design followed the Standards of Best Practice for
Simulation 

SM ( Lioce et al., 2015 ). The ten criteria (Needs
assessment; Measurable objectives; Format of simulation;
Clinical scenario or case; Fidelity; Facilitator/Facilitative
approach; Briefing; Debriefing and/or feedback; Evalua-
tion; Participant preparation) have been analyzed and dis-
cussed by an interdisciplinary group composed of experts
in simulation, expert in disaster medicine and psycholo-
gists. To meet the International Nursing Association for.
Clinical Simulation and Learning (INACSL) standards of
best practice, a particular attention was set on ensuring that
the simulation aligns with learners’ needs and that it meets
relevant program objectives while maintaining psycholog-
ical safety ( Standards Committee, 2016b , 2016a ). 

The MCI-IS used was based on the Sierre coach crash,
when a coach carrying 2 drivers, 4 teachers, and 46 pupils
crashed into a wall in the tunnel of Sierre. The 2 drivers,
the 4 teachers, and 22 children were killed. An emergency
nurse who was present during the actual accident wrote the
storyboard used in this MCI-IS. Three Mass-Casualty Inci-
dent (MCI) experts, 2 emergency physicians and 1 emer-
gency nurse validated the adapted MCI-IS scenario. The
programming has been realized by a VR company Con-
nexence®. 

Presimulation 

The entire teaching activity was contained in a file in-
cluding a full description of the activity, the content of the
prebriefing, a description of the simulation, a user’s guide,
and debriefing suggestions. Two trained simulation instruc-
tors were present, at least one of whom is an expert in the
field of emergency management. During the prebriefing the
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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psychological safety was ensured by clarifying the objec-
tives of the simulation and highlighting the possibility of
making mistakes without consequences to themselves. Par-
ticipants were informed of the paediatric nature of the vic-
tims and that they could stop the simulation at any time if
they felt uncomfortable or sick. Similarly, contact numbers
were provided for any post-simulation trauma or questions.
Psychologists were also present on site in case their inter-
vention became necessary. The equipment used during the
activity was then presented (VR laptop, HTC vive® HDM
having 2 OLED panels resolution 1,200 × 1,080 per eye ;
field of view 110 ° ; refresh rate 90Hz) and explained. The
different interactions : how to move, how to communi-
cate, and what actions are possible during the simulation
were also described. Then pre-simulation questionnaires in
paper format were distributed. Participants completed the
questionnaires and then performed the simulation one by
one. 

Immersion 

Participants were first immersed in the Sierre tunnel to
familiarize themselves with the environment and headset.
When ready, the participant was then teleported to the en-
trance of the coach to triage the victims. The participants
approached the victims and said aloud the colour of the
tag that they wanted to attribute. A tag was then placed by
the facilitator on the victim. During the simulation, par-
ticipants were able to interact with the facilitators if they
had any questions. The immersion time didn’t exceed 7
minutes. After the immersion, in another room, the par-
ticipants completed the post-simulation questionnaires in
paper format. 

Debriefing 

Once the immersion session was completed by the par-
ticipants, the instructors conducted a debriefing follow-
ing the framework for Promoting Excellence, and Reflec-
tive Learning in Simulation ( Eppich & Cheng, 2015 ). The
preview-advocacy-inquiry-listen method was used to ana-
lyze participants’experience. 

Recruitment 

A nonprobability convenience sampling method was per-
formed. The sample (n = 83) included students from 3
different healthcare professional groups: Medical students
(n = 24), Ambulance attendants (n = 24), and Nursing stu-
dents (n = 35). All students included were in their final
year. 

Participants were selected based on their availability
and accessibility within the different schools: (a) Center
for Medical Simulation at the University of Liège for the
Medical students; (b) Namur Nursing students highschool;
(c) Namur Ambulance attendants’training centre. 

Before the simulation day, one researcher met with each
group to provide details on the study, present the MCI-
IC, and organize the agenda. An e-learning on Simple
Triage And Rapid Treatment (START) triage validated by
2 experts in disaster medicine was also provided. This e-
learning was designed to bring participants’ triage knowl-
edge up to the same level. 

Data Collection 

Design 

The study took place at several school sites accord-
ing to the groups studied from October 2019-March 2020.
Data were collected through paper questionnaires (socio-
demographics, immersion propensity, stress, cybersickness,
coping, decision-making, SoP). The questionnaires were
given at different times since some variables have to be
collected before (e.g. stress) or after (e.g. cybersickness).
No time-limit was set for the filling-in. 

Assessment Instruments 
A simulation and emergency medicine expert validated

the relevance of the questionnaires below. Debriefing data
were not collected but were used to feed discussion and
perspectives. 

Sense of Presence 

The Questionnaire sur l’Etat de Présence (PQ-F)
( Robillard et al., 2002 ) was used for this study. This later
is the french-language validated adaptation of the Pres-
ence Questionnaire ( Witmer & Singer, 1998 ) to measure
the SoP. This scale includes 2 parts (before and after im-
mersion) through 38 items. For each item, participants
were asked a score between 1 (strongly disagree), and 5
(strongly agree). Total score can range from 38 to 190. 

Immersion Propensity 
The validated French adaptation of the Immersive

Tendencies Questionnaire ( Witmer & Singer, 1998 ), the
Questionnaire sur la Propension à l’Immersion (ITQF)
( Robillard et al., 2002 ) was used. This measurement is
performed to assess the ability of individuals to immerse
themselves in virtual reality. The questionnaire is divided
into 4 sub-scales: involvement, emotion, focus, and play.
For each of the 18 included items, students were expected
to assign a score from 1-7 (1: not at all; 7: completely).
The total score can range from 18-126. 

Coping 

Coping is defined as: "the set of cognitive and be-
havioral processes that an individual interposes between
himself and an event perceived as threatening, to con-
trol, tolerate or diminish the impact of the latter on his
physical and psychological well-being" ( Lazarus & Co-
hen, 1977 ). For the present study, we used the french-
language adaptation ( Bruchon-Schweitzer et al., 1996 ) of
the Ways of Coping Checklist (WCC) from Lazarus and
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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Folkman’s ( Folkman & Lazarus, 1980 ). This scale com-
prises 3 categories (problem-centered, emotion-centered
and social support-centered) covering 27 items with 4 pos-
sible answers (no [1], rather no [2], rather yes [3] and yes
[4]). Problem-focused coping includes all active individual
behavior engaged to manage stressful situations and adjust
a dysfunctional person-environment relationship in order
to alleviate or eliminate the sources of stress. Emotion-
focused coping strategies include all regulating efforts to
decrease the emotional consequences of stressful events.
Lastly, the social support-centered coping refers to "the in-
dividual’s efforts to obtain the sympathy and help of others
in order to obtain a listening ear, information, or material
assistance". Final score corresponds to the category with
the highest score. 

Decision-making 

The “Inventaire rationnel-expérientiel ” ( Stadelhofen
et al., 2004 ) is the validated french-language adaptation of
the Rational-Experiential Inventory (REI) ( Pacini & Ep-
stein, 1999 ). This questionnaire highlights one’s preferen-
tial decision-making process based either on rationality or
intuition and experience. The functioning of the rational
system is described as intentional, analytical, essentially
verbal, and independent of affects. Moreover, its operation
can be accessible to consciousness. As for the experien-
tial/intuition system, it is described as being preconscious,
automatic, associationist, holistic, and deeply associated
with affects. The scale consists of 40 items scored from
1-5 (1 = completely false to 5 = completely true). 

Cybersickness 
The french-language adaptation ( Bouchard, Robillard,

& Renaud, 2007 ) of the Simulator Sickness Questionnaire
( Kennedy, Lane, Berbaum, & Lilienthal, 1993 ) was used
to monitor students ‘possible side effects that may occur
during the simulation. The questionnaire contains 16 items
for which participants have 4 different options: not at all
(0), a little (a), moderately (b) and severely (c). The total
score on this scale ranges from 0-48. 

Stress Level 
The stress level was assessed by a self-reported scale

and The Mental Readiness Form (MRF) ( Krane, 1994 ).
The first is a Visual Analog Scale (VAS) for measuring
participants’ stress levels, from 0-10, before and after the
simulation. The MRF is composed of 3 11-point scales ad-
dressing cognitive, affective, and physiological levels per-
ception of stress. 

Statistical Analysis 

Rx64 Commander® (version 3.5.1) was used for all sta-
tistical analysis. Descriptive statistics were performed to
describe the sample characteristics. Shapiro tests were
conducted to examine the normality. Quantitative vari-
ables with a normal distribution were reported as means
and standard deviations while skewed ones were reported
as medians and interquartile ranges. Categorical variables
were expressed as frequency and percentage. Univariate
analyses were conducted using parametric tests for vari-
ables with normal distributions and non–parametric tests
for skewed ones. Spearman correlations were also per-
formed to measure the association between the SoP and
quantitative variables. The alpha level was set at a stan-
dard level of 5% for all statistical interpretations 

Ethical Considerations 

This study was approved by the ethical committee of Liege
University’s Medicine Faculty (reference number 2019-
212). All participants gave their written informed consent
to participate in the study. 

Results 

Study Sample 

The global study sample regrouped 83 undergraduate stu-
dents, immersed in a MCI-IS. Among these, 24 medical
students were included with an average age of 24 years
(23-25.25). The ambulance attendants group was composed
by 24 individuals with an average age of 28 years (24.75-
40). Finally, 35 nursing students were included with an
average age of 23 years (21.25-24). Table 1 summarizes
the sociodemographic and immersion characteristics of the
study sample. 

In a second phase, immersion experiences were studied
between the different members of occupations. The aim
was to identify key trends based on members of occupa-
tions to better personalise the simulation session accord-
ingly. 

Sense of Presence 

Table 2 and 3 summarize factors influencing the SoP. Re-
sults showed an association of SoP with gender, disaster
medicine education, propensity for immersion, and mem-
bers of occupations. The other variables were not corre-
lated with the SoP. Regarding propensity for immersion, a
positive relationship was found with SoP (r = 0.33). The
greater the propensity for immersion, the greater the SoP.
Regarding gender, females showed higher levels SoP com-
pared than males. Students with prior disaster medicine
education had higher SoP scores compared with less expe-
rienced students. Lastly, nursing students revealed greater
SoP than other members of occupations in training. 
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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Table 1 Sample Characteristics by Members of Occupation 

Variables Total(n = 82) Medical Stu- 
dents(n = 24) 

Ambulance 
Attendants 
(n = 24) 

Students Nurse 
(n = 35) 

p 

Members of occupation no. (%) 
Ambulance attendants 
Medical students 
Students nurse 

24 (29%) 
24 (29%) 
35 (42%) 

Gender no. (%) 
Males 
Females 

30 (37%) 
52 (63%) 

8 (33.3%) 
16 (66.7%) 

20 (83.3%) 
4 (16.7%) 

2 (5.9%) 
33 (94.1%) 

< .001 ∗

Age (in years) median [IQR] 24 (22-26.75) 24 (23-25.25) 28 (24.75-40) 23 (21.25-24) < .001 ∗

Disaster medicine education no. (%) 
Yes 
No 

53 (65%) 
29 (35%) 

3 (12.5%) 
21 (87.5%) 

17 (70.8%) 
7 (29.2%) 

33 (97.1%) 
1 (2.9%) 

< .001 ∗

VR experience no. (%) 
Yes 
No 

22 (27%) 
60 (73%) 

7 (29.2%) 
17 (70.8%) 

6 (25%) 
18 (75%) 

9 (26.5%) 
25 (73.5%) 

.95 

Triage score (/10) median [IQR] 10 (8-10) 10 (8-10) 10 (8-10) 10 (10-10) 0,44 
Stress (/40) mean ± SD 

Pre-immersion 
Post-immersion 

15.74 ±7.34 
11 (7-19) 

18.77 + -7.72 
20 (14-22) 

10.63 + -4.83 
8 (6-12) 

17.5 + -6.75 
9.5 (7-15.75) 

< .001 ∗

< .001 ∗

Sense of Presence (/190) mean ±
SD 

145.32 ±19.87 138.5 
(128.75- 
152.25) 

145 (132-159) 151.5 
(138-166.5) 

.04 ∗

Immersion propensity (/126) mean 
± SD 

69.79 ±13.87 
69.83 + -13.46 66.16 + -13.13 72.32 + -14.46 .25 

Cybersickness (/48) median [IQR] 19 (17-22.75) 21.5 (18-29) 17 (16-19) 19 (18-22.25) < .001 ∗

Coping no. (%) 
Emotional 
Problem 

4 (5%) 
76 (95%) 

2 (8.3%) 
22 (91.7%) 

0 (0%) 
24 (100%) 

2 (6.2%) 
30 (93.8%) 

.55 

Decision making no. (%) 
Intuitive 
Rational 

28 (35%) 
52 (65%) 

6 (26.1%) 
17 (73.9%) 

6 (25%) 
18 (75%) 

16 (48.5%) 
17 (51.5%) 

.11 

IQR = Interquartile range; VR = Virtual reality 

Table 2 Correlations Between Internal, Social Factors, and the 
Sense of Presence 

Variables Coefficient R R ² p -value 

Age (in years) -0.08 0.006 .48 
Work experience (in months) -0.13 0.02 .27 
Immersion propensity 0.33 0.11 .003 ∗

Stress before simulation (/40) -0.12 0.01 .31 
Stress after simulation (/40) - 0.03 0.0008 .81 
Cybersickness 0.0005 0.0000003 .1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immersive Characteristics of Members of 
Occupations 

Regarding members of occupations, results showed sig-
nificant associations. Between groups differences appeared
in terms of gender and age. Regarding education in dis-
aster medicine, medical students had less training expe-
rience than nursing and ambulance students. Medical stu-
dents also showed higher levels of pre- and post-simulation
stress than nursing and ambulance students. 

Regarding SoP, nursing students reached higher scores
than medical, and ambulance students. Furthermore, the
level of cybersickness was higher in the medical students
group compared with the 2 other groups. 

The medical students group seemed to be mostly com-
posed of women with a more rational decision making
(73.9%) and problem-centered coping (91.7%). Regarding
the immersion experience, this group had high scores of
stress before and after immersion, good immersion propen-
sity but lower SoP, and increased cybersickness. 

Ambulance attendants were predominantly men with the
strongest rational decision making (75%) and problem-
centered coping (100%). Their immersion experience was
characterized by a lower stress before and after the simu-
lation, lower cybersickness and immersion propensity but
high SoP. 
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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Table 3 Univariate analyses between internal, social factors and the Sense of Presence 

Variables Modalities Mean + - SDMedian 
(P25-P75) 

p-value 

Gender Male (n = 29) 
Female (n = 51) 

139.13 + - 18.69 
148.70 + - 20.03 

0.039 ∗

Disaster medicine 
education 

No (n = 29) 
Yes (n = 51) 

134 (128-152) 
150 (140-163) 

0.005 ∗

Disaster medicine 
simulation 

No (n = 59) 
Yes (n = 20) 

145 (131-160) 
147.5 (134.75-159) 

0.82 

VR experience No (n = 59) 
Yes (n = 21) 

146 (132-159) 
145 (134-165) 

0.7 

Coping Emotion (n = 4) 
Problem (n = 75) 

Social support (n = 0) 

135.5 (129-141) 
146 (132-160)/ 

0.2 

Decision making Intuition (n = 28) 
Rationality (n = 51) 

151.5 (140.75-159.5) 
144 (129-160) 

0.13 

Members of occupation Ambulance attendants 
(n = 23) 

Medical students (n = 24) 
Students nurse (n = 34) 

145 (132-159) 
138.5 (128.75-152.25) 

151.5 (138-166.5) 

0.04 ∗

Triage score Ambulance attendants 
(n = 23) 

Medical students (n = 24) 
Students nurse (n = 34) 

10 (8-10) 
10 (8-10) 
10 (10-10) 

0.44 

Note. Triage experience = effective triage on field; VR = Virtual reality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The nursing students group was defined by participants
almost exclusively female. These participants mainly used
problem-centered coping (93.8%) but mixed decision mak-
ing processes: half of participants showed intuitive decision
making (48.5%) and the other half rational decision mak-
ing (51.5%). In terms of immersion experience, this group
tended to decrease its stress after immersion, had the great-
est SoP and immersion propensity and fair cybersickness
score. 

Discussion 

The aim of this study was to explore internal and social
factors influencing the SoP and the impact of members
of occupations on the process. Compared to prior work,
results from this study allow to identify new social fac-
tors impacting the SoP: members of occupations, gender,
and previous disaster medicine experience. Figure 2 de-
tails the previously developed framework. Moreover, the
SoP do not seem to be mitigated by several internal fac-
tors such as coping, and decision making. These results
help to highlight specific immersion characteristics based
on members of occupations. 

Sense of Presence Scores 

Regarding SoP, scores were higher than previous stud-
ies and previous work ( Servotte et al., 2020 ). This could
be explained by an improved pre-briefing and briefing of
the simulation compared to prior work. Indeed, a paral-
lel with the accident of Sierre was realized and may have
allowed a better context and certain emotional experience
that could have enhanced the SoP ( Bouchard et al., 2008 ;
Gorini et al., 2011 ). Higher SoP scores could also be ex-
plained by the limited actions and interactions asked for
in this simulation (less care were asked compared to prior
study). Indeed, complex tasks and navigation in a VR en-
vironment require better spatial intelligence, and therefore
may be less accessible for some users with lower spatial
intelligence ( Alsina-Jurnet & Gutiérrez-Maldonado, 2010 ).
Without any clear reason, cybersickness appeared much
greater this time compared to prior study whereas settings
were identical ( Servotte et al., 2020 ). Medical students ex-
perienced more cybersickness than their colleagues. This
could thus explain their lower SoP scores, as previously
stated in many studies ( Ling et al., 2013 ). 

Sense of Presence and Social Factors 

Higher SoP is proven to lead to better training perfor-
mance ( Grassini et al., 2020 ). Therefore, particular atten-
tion should be given to optimize participants’SoP in the
development of an immersive simulation training. We no-
ticed that SoP differed according to members of occupa-
tions, with nursing students having higher scores. It might
therefore be considered that the development of a single
VR training using the same modalities among different
pp 1–11 • Clinical Simulation in Nursing • Volume 62 



Relationships Between Internal Factors 8 

Figure 2 Adapted framework of Servotte-Ghuysen framework depicting relationships between factors identified and sense of presence. 
Note.VR = virtual reality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

members of occupations could have differential impact on
the participants according to their categories. Indeed, this
strategy could lead to major disparities in the SoP scores,
and therefore inequities in training efficacy. Therefore, it
would be worth considering the latter points when devel-
oping a VR environment by adapting the teaching program
depending on participants’ background to ensure an opti-
mal learning impact. 

Regarding experience, participants who had previous
disaster training had a statistically higher SoP than those
with no prior training. However, as stated by other
authors ( Alsina-Jurnet & Gutiérrez-Maldonado, 2010 ;
Schuemie et al., 2001 ) having VR experience would have
no impact on SoP scores. One hypothesis could be that
the training experiences may have given our candidates
a better emotional and cognitive response. Past research
showed that familiarity, prior experience and a rich cogni-
tive schema can increase the level of SoP ( Heeter, 2003 ).
Wirth (2007) further explored the link between SoP and
prior experience. Indeed, past experiences would consti-
tute a “library” of spatial experiments enabling the re-
construction of the most accurate scenario (filling “empty
slots”) once in the VR environment. Therefore, partici-
pants with past training experience could more easily fill
the missing space-related information from their memory.
This would lead to an increase in the richness and consis-
tancy of the environment and therefore greater SoP ( Dean
& Morris, 2003 ). This link between past experience and
SoP brings interesting insights as VR simulation is often
 

used to prevent performing certain acts the first time on
patients or to reduce cost. However, insufficient past an-
choring could reduce expected learning and therefore be no
longer profitable ( Dean & Morris, 2003 ). It could therefore
be interesting to identify participants’ experience before
the VR session. The INACSL have already stated the im-
portance of learners’ experiences and knowledge brought
to the simulation activity for a greater presence in their
standards of best practice ( Standards Committee, 2016b ).
These later recommendations should therefore be applied
to VR simulations. Similarly, standards of best practices
dedicated to VR could be developed to promote efficiency.

Sense of Presence and Stress 

Regarding emotional response, before immersion, the 3
groups showed different levels of stress with ambulance
attendants appearing less stressed. This difference in stress
could be explained by the fact that ambulance attendants
had more training and simulation in disaster medicine
than the other 2 groups. After immersion, medical stu-
dents kept higher stress scores than the nurse, and ambu-
lance students. These higher stress scores seemed to be
correlated with the lack of training in the medical group
( Shearer, 2016 ). Given this, the awareness of a lack of
training in this group might have influenced the increase
of stress score after immersion. Conversely, stress scores
were significantly lower among nurses only. Similarly to
prior study ( Servotte et al., 2020 ), nurses who felt less able
pp 1–11 • Clinical Simulation in Nursing • Volume 62 
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to triage victims may have discovered their ability to do
so. During our tests, we also found that nurses asked more
questions and verbalized their stress more easily. These
characteristics may have contributed to this decrease in
stress. As the lack of past training may lead to higher
level of stress, this data should be collected, and taken
into account during the pre-briefing to make adaptations. 

SoP may also be influenced by individual differences.
Regarding gender, females of the sample seemed to have
higher SoP scores. While many studies do not show any
gender difference, some have showed higher SoP in female
participants ( Grassini et al., 2020 ). This gender difference
in SoP could explain better performances and learning in
female groups ( Yang et al., 2016 ). Previous research have
considered this lack of a clear pattern regarding gender
and SoP, raising the more global issue of the relevance of
our current measurement methods to capture de complete
spectrum of the SoP ( Smith, 2019 ). 

Sense of Presence and Internal Factors 

No clear association was found between coping style or
decision-making and the SoP. Yet participants from the
3 groups had the same tendencies for these 2 variables.
Therefore, further investigation of personality or intelli-
gence types may be more interesting. Indeed, spatial in-
telligence, and introversion have proven to increase user’s
SoP ( Alsina-Jurnet & Gutiérrez-Maldonado, 2010 ). How-
ever, these studies were performed in a context of us-
ing VR environment for therapies and not for educational
purposes. Moreover, as individual factors, and SoP differ
among users of the same medium ( Sacau et al., 2008 ), it
would be valuable to analyze these variables on the same
sample while using various media. 

Limitations 

Selection bias may occur as schools were chosen from dif-
ferent regions but students of the same occupational cate-
gory were all from the same school. This limits the partic-
ipants’ variability. A social desirability bias could also oc-
cur since the simulations were organized within the school.
In order to limit this bias, students participated on a vol-
untary basis. Although, even if validated, French version
of the instruments used often had fewer items than the
originals (English version). The number of questionnaires
may also have caused fatigue and may have impacted the
answers. Another limitation was that the trainings given
among the groups didn’t take place under the same con-
ditions (dates and locations). The information given may
also varied depending on the instructor. However, to lessen
this limit harmonized simulation sessions, and standardized
tools were used (pre-briefing). Moreover, both instructors
were experienced simulation instructors. Another limitation
relates to sample size. We expected 30 participants and 4
groups. Due to the Coronavirus pandemic, data collection
had to be prematurely closed. As a result, recruitment of
the fourth group, which was the master’s students in pub-
lic health, and completion of the group of medical students
to reach the 30 participants were not possible. Given this
small sample size, it is therefore necessary to remain cau-
tious about generalizing the results of this study. Lastly,
there might be some gap in the framework revised as VR
experience might ultimately rely more on immersion and
less specifically on aspects of learning (such as educational
preparation, experience, decision-making). 

Conclusions 

The present study aimed at better understanding the SoP
process and its modulation among different members of
occupations in healthcare. Results revealed significant dif-
ference in SoP among the groups. Such differences be-
tween members of occupations should be considered when
developing virtual reality training to enhance pedagogical
experience. This study also emphasizes that best practices
should promote the design of VR experiences that cater to
professional groups’ needs. Regarding SoP, the persistence
of some knowledge gap, and the need for a more compre-
hensive definition of the SoP is still missing in the litera-
ture. In that sense, cognitive processes related to prior ex-
perience, and memory should also be further investigated.
Indeed, identifying what level of experience is needed for
a sufficient SoP seems necessary to optimally benefit op-
timally from the immersive experience. 
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