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Abstract: With an ever-increasing need of skilled health-
care workers, efficient learning methods like Virtual Real-
ity (VR) are becoming increasingly important. We devel-
oped and tested a VR simulation for endotracheal suction-
ing.

The aim of this pilot study was to examine the VR sim-
ulation’s acceptance and increase of knowledge among
participants. Furthermore, the effects of presence on ac-
ceptance and increase of knowledge were investigated.

A total of 51 students participated in the pilot study,
using a quasi-experimental pre-post-test design. A mod-
ified Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) and the Igroup Presence Questionnaire
(IPQ) were used. Correlation and regression analyses were
performed. Pre- and post-tests showed a significant in-
crease of knowledge (p < 0.001). The correlation between
presence and behavioural intention was highly positive
(r = 0.52, p < 0.001).

Performance and effort expectancy are dominant ef-
fects on behavioural intention of using the VR simulation
as an educational tool. The results indicate that a simu-
lation which conveys a higher sense of presence is more
likely to be accepted by learners. Regarding outcomes of
presence on increase of knowledge, we found no signifi-
cant correlation. Based on our study, we propose a design
for a future mixed reality simulation with haptic elements
and a plan on how to assess skills improvement.
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1 Introduction

Like inmanyother countries, thenumber of people inneed
of in-patient and home care in Germany has been rising
steadily for decades [1]. Since the number of personnel
is not increasing accordingly there is an emerging short-
age of care workers [1, 2]. Inevitably, this leads to a higher
demand in efficient education of nurses on a large scale.
Apart from theoretical knowledge, the mastering of com-
plex clinical skills is a crucial aspect of training competent
practitioners. One example is endotracheal (ET) suction-
ing, which has been shown to be particularly stressful in a
home ventilation environment [3]. If nursing staff can per-
form suction well relatives and patients feel safe [4]. We
therefore chose to develop and test a virtual reality (VR)
simulation for learning the ET suctioning procedure.

The main aim of the study was to deliver proof of
concept for our VR simulation, by (i) looking at feasibil-
ity and (ii) demonstrating that VR can successfully im-
prove a learner’s knowledge of nursing procedures. We
conducted a pilot study using a quasi-experimental pre-
post-test design with 51 health care physiotherapy stu-
dents to assess the participants’ acceptance of the VR sim-
ulation, and whether it achieved a significant increase in
clinical knowledge. Furthermore, we investigated whether
the sense of presence–a feeling that users of virtual reality
experience while being in the virtual environment – had
an effect on the increase of knowledge and on behavioural
intention. According to the unified theory of acceptance
and use of technology (UTAUT), behavioural intention is
one step in the process of acceptance of a new technology
and eventually using it [5].

In the following chapters we will describe the current
practice of nursing education in Germany with regards to
simulation and skills training; discuss definitions of VR,
the sense of presence and relevant learning theories; and
explain educational outcomes like acceptance, knowledge
and skills and how to assess them. Section 3 describes our
use case, objectives and hypotheses. After providing de-
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tails on materials and methods, we list the results and fi-
nally discuss them in Section 6.

1.1 Simulation Based Learning in Nursing
Education

In Germany, nursing is a hospital-based apprenticeship
where most of the learning of clinical skills takes place
on the wards. In view of the tight staff situation in health
care, the practical instruction of students can easily be-
come a burden. New skills requiring detailed and lengthy
instructions are often only practised to some extent, if at
all. This results in a lack of readiness and competencies
among graduating nurses, which has a negative impact
on the quality of care, and can lead to life-critical errors
[6].

Simulation-based learning is an established method
in nursing education that is backed up by a large num-
ber of studies including systematic reviews [7–10]. This
research defines simulation types and attributes, and ed-
ucational outcomes that can be achieved [8–10]. Simu-
lation types include low- and high-fidelity mannequins,
virtual patient simulations, lifelike virtual environments
such as skills-labs, simulation wards and role-playing or
simulatedpatients [10]. Simulations canbe categorised ac-
cording to their fidelity, which describes their degree of re-
alism.Amedium to large effect size for various educational
outcomes suggests that simulation-based learning in nurs-
ing education is overall highly effective [10].

Despite the positive effects of simulation in nurse ed-
ucation, there are some limitations. High-fidelity man-
nequins and skills-labs are expensive and sometimes used
only for presentationpurposes [11].Moreover, learners and
practitioners still report a gap betweenpractice and theory
[12]. One way to address these issues could be virtual real-
ity.

1.2 VR Skills Training in Nursing Education

Virtual Reality (VR) simulators in medical technology re-
search are widespread and there are even ISO-standards
for validation [13]. A survey of 31 studies with overall 2407
participants found evidence suggesting that VR educa-
tion improves post intervention knowledge and skills out-
comes of health professionals when compared to tradi-
tional education or other types of online or offline digital
education [14].

Compared to medical training, VR is a relatively new
research topic in nursing education. Reviews have found

that there are not enough studies with high quality de-
sign to estimate an evident effect of VR on various educa-
tional outcomes [15–17]. Moreover, these reviews investi-
gated simulations that did not cover immersive VR simula-
tions but included non-immersive 2D-screen simulations
[18], leading to even less evidence about the effects of im-
mersive virtual reality in nurse education.

Despite that, there has been a steady increase in the
development and evaluation of immersive VR simulations
with innovative designs ever since the first commercial
head mounted displays were launched in 2014 [17, 19]: it
was, for example, used as an effective training modality
for empathy. In this simulation the learner experiences the
condition of dementia first hand [20]. The user has to ac-
complish basic household tasks, such as cooking. How-
ever, the objects that are required for the tasks, sometimes
disappear from their location and appear in unexpected
places [20]. Another example for affective training, is a VR
simulation,where the user’s assignmentwas to evacuate a
neonate from award in an emergency scenario. The devel-
opers utilised the potential of VR to create fictional life-like
situations that can be highly stressful to prepare learners
for real-world worst-case-scenarios [21].

Some simulations used haptic devices to enhance the
degree of realism in their VR simulations, and to enable
learners to train technical skills [22, 23]. One simulation
employed a device that is similar to a stethoscope in its
handling [22]. When users moved it near the heart re-
gion of the virtual patient they heard respective sounds
through their headphones, like they would when using
a real stethoscope [22]. Another simulation used a force-
feedback device that was attached to the wrist of the user
to simulate the resistance one would feel when inserting
an endotracheal catheter into a patient [23]. Additionally,
the simulation also provided advanced virtual guidance
by showing imaginary hands, that the learner could follow
and copy their movements in real-time [23].

In order to address some of the existing issues of sim-
ulation in nursing education, Virtual Reality (VR) simula-
tion technologymight provide an alternative. It could help
students learn more efficiently and more practically. Com-
pared to skills-labs, VR is more affordable, requires fewer
resources and is not location- or time-bound while still
providing the benefits of low risk and low anxiety learning
[24]. Furthermore, VR can offer contactless learning with-
out a teacher by giving objective and direct virtual guid-
ance and feedback. Due to its immersive capabilities, VR
has the potential to create fictional life-like simulations
that could be used to teach empathy [25], self-confidence
[26] or train psychomotor skills through special haptic de-
vices [22].
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2 Background

2.1 Learning Theories Behind VR Based
Education

Virtual Reality can be described as a computer-generated
reality, that allows learners to experience various audi-
tory and visual stimuli experienced through specialised
ear and eyewear [27]. Across several publications, three
learning theories are repeatedly referenced and provide a
theoretical basis for VR based education [28–30].

Firstly, there is situated learning: Many teaching prac-
tices implicitly assume that knowledge can be abstracted
from the situations in which it is learned and used [28].
However, according to the situated learning theory, learn-
ing is placed into a context and an environment. Rather
than having learners transfer abstract knowledge from
classrooms into practice, learning should be embedded
within the activity, context and culture in which it occurs
[31].

Secondly, there is the constructivist philosophywhich
proposes that knowledge is created through an individ-
ual’s interaction with the environment, in a learning-by-
doing fashion [28]. Learners take an active role in their
learning, since they not only absorb information, but also
connect it with previous knowledge to construct their new
knowledge [32].

Finally, in implicit learning, learners acquire knowl-
edge or skills without being aware of what they are learn-
ing or being able to communicate what they have learned
[29]. This happens, for example, in childhood when learn-
ing language and grammar. Grammatical rules can be ap-
plied, but no reasoning can be given as to why a sentence
is grammatically correct or incorrect. Implicitly learned
skills and abilities such as language or riding a bicycle
tend to be too complex to articulate verbally.

All three theories have in common, that active situ-
ations are in the foreground and support a learning-by-
doing approach rather than a theory-first-then-practice
approach.

2.2 Presence and Learning in VR

In order to further understand learning with VR, the con-
cepts of immersion and presence are important [33]. Im-
mersive VR simulation requires the use of a head-mounted
display [16]. Immersion is defined as the psychological re-
action to a virtual environment [34]. Depending on the
types and amounts of sensory stimuli provided by the VR
technology participants experience various degrees of im-

mersion. Therefore, the more senses that are accommo-
dated by the simulation the higher the levels of immersion
for the participant [34–36]. Presence or sense of presence
means the subjective experience of being in a place or en-
vironment despite being physically situated in another. In
general, simulations that providehigher degrees of immer-
sion result in higher levels of presence [37].

We found no consensus regarding the effect of pres-
ence on educational outcomes in the literature. Based on
the assumption that learners most effectively gain knowl-
edge in practical situations, as argued by learning theo-
ries, one assumption is that the sense of presence learn-
ers experience in a VR simulation plays an important role
in the learning process anddirectly influences educational
outcomes positively [33]. Another theory, in contrast, spec-
ulates that highly immersive VR environments are more
likely to distract and overload users and their memory
capacity, resulting in lower levels of learning [38]. Better
learning could therefore be achieved by reducing unnec-
essary strain on learning, i. e. extraneous cognitive load,
as much as possible [38]. In empirical research, we found
two studies with a positive correlation between presence
and learning outcomes [39, 40], one with a negative cor-
relation [41] and two with no significant correlation at all
[42, 43].We conclude that the effects of presence on educa-
tional outcomes are inconsistent andmust be investigated
further.

2.3 Acceptance of VR in Nursing Education
According to the unified theory of acceptance and use of
technology (UTAUT), technology acceptance is defined as
a process. It reaches from testing a technology, developing
behavioural intention to eventually using the technology
in the field [5].

In the context of nursing, research about acceptance
of VR simulators is sparse. We found only two studies
that tested the acceptance of a VR skills training simula-
tor among nursing students or scrub nurses [44, 45]. They
found a high rate of acceptance concluding that their VR
simulator is ready to be investigated further, such as re-
sults of educational outcomes [44], and that it couldpoten-
tially increase students’ motivation for learning [45]. Due
to the paucity of studies, acceptance of VR simulations
amongst learners in health care requires further research.

2.4 Evaluation of Knowledge and Skills
In order to analyse the potential of VR in nursing educa-
tion, educational outcomes and the respective evaluation
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have to be defined. Generally, the literature distinguishes
between three primary outcomes that are: (i) cognitive out-
comes, such as increased knowledge, understanding or
critical thinking, (ii) psychomotor outcomes such as im-
proved technical skill performance, (iii) affective outcomes
such as learner satisfaction or increased self-confidence
[8, 10]. In a medical research meta-analysis, increase of
knowledge is defined as the learner’s factual or concep-
tual understanding measured using change between pre-
and post-test scores of a knowledge test [14]. Psychomotor
outcomes such as improved skills performance are gener-
ally assessed through objective structured clinical exam-
inations (OSCE) in the nursing domain [46]. In an OSCE,
an expert observes a learner demonstrating a procedure
on a mannequin or a simulated patient and rates the per-
formance using a checklist. The VR simulation in our pi-
lot study teaches ET suctioning. However, at this point in
time, none of the studies that used VR scenarios for prac-
tising or learning the ET suction procedure used an OSCE
to assess the skills for this procedure. A Japanese research
team tested the adherence to aseptic techniques via amon-
itoring the hand movements during the procedure [47].

3 Use Case and Objectives

3.1 Use Case and Simulation

As described in Section 1, the ET suction procedure is
highly stressful for everyone involved and must be per-
formed precisely and flawless in order to avoid risks. To
address this issue, we developed a VR simulator that helps
students to learn and practice the procedure. The VR sim-
ulationwas developed at the Care and Technology Lab (In-
stitut Mensch, Technik und Teilhabe), Hochschule Furt-
wangen. The simulation runs on aHTCViveHeadMounted
Display (HMD) with Vive controllers. The aim of the sim-
ulation is to execute the steps of an ET suction interven-
tion, as shown in Figure 1, on a virtual home care patient,
guided by audio voice records and text messages on a vir-
tual TV screen. The steps followedby the learnerwent from
disinfecting hands at the beginning through to disposing
the used equipment after the procedure. The order of steps
followed the standard operation procedure of a German
hospital.

The patient reacts in a realistic manner, looking at the
learner, showing discomfort and coughing with a painful
expression when the catheter is inserted in too deeply.
Sound effects have been recorded from realmedical equip-
ment. After execution, the learner is presented with an

evaluation of his performance including time required for
the suction procedure as well as number of faulty actions
like contamination. The simulation was developed itera-
tively, continuously checked by health care professionals
and corrected accordingly. A pilot study with nursing pro-
fessionals who have had previous experience in ET suc-
tioning was conducted to validate the usability of the sim-
ulation as well as correctness of the procedure.

3.2 Objectives

The study’s approach was based on a semi-explorative de-
sign, analysinghypotheses, and revealing further research
questions. The large number of hypotheses compared to
the relatively low number of participants can lead to er-
rors, however we do not draw final conclusions, but use
the results to provide further insight on possible research
topics. The first objective was to investigate if the UTAUT
constructs in the special context of VR learning in nurs-
ing affect behavioural intention the same way as in gen-
eral technological acceptance domains like office tasks.
Besides the four key constructs, anxiety and self-efficacy
were included as these could play a role in the domain of
acceptance of VR learning. This led to the following hy-
potheses:
h1: [a–f] have an effect on behavioural intention to use a

VR simulation for learning.
h1a: Performance expectancy, h1b: Effort expectancy,
h1c: Social influence, h1d: Facilitating conditions,
h1e: Anxiety, h1f: Self efficacy.

The second objective was to analyse how presence affects
behavioural intention of using VR learning simulations.
The presumption behind this idea was that users who per-
ceive a simulation as highly unrealistic, are more likely
not to accept the simulation as a learning tool. Hence,
users who feel more present should be more likely to ac-
cept it.
h2: [a–d] have a positive effect on behavioural intention

to use a VR simulation for learning.
h2a: Sense of presence, h2b: Spatial presence, h2c:
Involvement, h2d: Experienced realism.

The third objectivewas to investigate the effect of presence
on increase of knowledge.We chose to investigate increase
of knowledge in this study as there is no instrument for
assessing skills in this domain yet (see Section 2.4). It is
planned to develop an OSCE to assess skills for use in fu-
ture studies. Based on learning theories (see Section 2.1)
presence should have a positive effect on learning out-
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Figure 1: Screenshot collage of the VR simulation.

comes. This led to the following hypotheses:
h3: [a–d] in the VR learning simulation have a positive

effect on increase of knowledge of the intervention.
h3a: Sense of presenceh3b: Spatial presence,h3c: In-
volvement, h3d: Experienced realism.

4 Materials and Methods

4.1 Study Design

In order to evaluate the hypotheses and gain further in-
sight, 51 physiotherapy students were recruited as study
participants. Three VR setups separated by visual covers
were installed in a large room. The students waited out-
side and filled in a knowledge pre-test. They were told that
this test would not influence their course grades in any
way and were observed by an instructor to prevent any

cheating. Participants were asked to enter the room sepa-
rately by the instructorwhenever aVR setupwas available.
Next, they were given a standardised scripted explanation
of how to use the system by one of the three instructors al-
located to each VR setup. The students were asked to go
through the simulation twice. This gave them an opportu-
nity to familiarise themselves with the controls during the
first run and enable them to focus on the task during the
second run. Finally, participants had to complete a knowl-
edge post-test, the UTAUT questionnaire and the Igroup
Presence Questionnaire (IPQ).

4.2 Instruments and Analysis

Asanassessment tool formeasuringpresence,weused the
IPQ. This divides presence in three subscales that are (i)
spatial presence – the sense of being physically present in
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Table 1: Study sample.

category participants gender age experience in
subcategory overall m f 18–25 26–30 >30 VR suctioning

n 47 7 40 43 2 2 18 5
rate 100% 14.9% 85.1% 91.5% 4.2% 4.2% 38.3% 10.6%

the VE; (ii) involvement –measuring the attention devoted
to the virtual environment (VE) and the involvement expe-
rienced; (iii) experienced realism – measuring the subjec-
tive experience of realism in the VE [48]. Due to its multi-
dimensional nature and confirmed validity, IPQ was the
tool of choice. The IPQ guide on how to calculate sub-
scales was followed [48]. In order to evaluate presence re-
lated hypotheses Pearson’s correlation analysis was per-
formed. The standard significance level of 0.05 was used
throughout evaluation. Statistical calculations were per-
formedusing the statistics softwareR© (TheRFoundation,
https://www.r-project.org/).

For assessing acceptance and acceptance related con-
structs, we used the UTAUT (see Section 2.3). This is a val-
idated instrument that combines eight technology accep-
tancemodels. TheUTAUTdefines constructs, that causally
affect behavioural intention and therefore acceptance.
There are four key constructs: Performance expectancy,
effort expectancy, social influence and facilitating condi-
tions. Additionally, there are constructs that have been
identified to not significantly affect behavioural intention:
Anxiety and self-efficacy. The constructs consist of multi-
ple items, which are statements about the technology. For
example, one item for assessing performance expectancy
would be “I would find the system useful in my job” [5].
To apply UTAUT, these items must be adapted to the set-
ting andusage scenario of the technology being evaluated.
Itemswere translated into German and adapted to the con-
text of VR learning for students, trying to stay as closely to
the semanticmeaningaspossible. Internal consistencyus-
ing Cronbach’s alpha was measured to ensure constructs
are reliable. To estimate the effect of the constructs on be-
havioural intention partial least squared path modelling
was performed as suggested by Venkatesh, Morris, and
Davis [5]. Calculations were performedwith the PLS-PM li-
brary in R©.

A knowledge test based on the order of steps in the
ET suction procedure according to the standard operat-
ing procedure of the Universitätsklinik Freiburg was cre-
ated to assess increase of knowledge. The test contained
14 items, i. e. the steps of the intervention, that had to be
put in the correct order. Assessment was performed using
a pre-post-test-design. The same method was used previ-

ously in a similar study investigating increase of knowl-
edge through a nursing simulator [49]. Each participant
was taught the same knowledge about the intervention
prior the test. They learned from a theory lesson and an
information sheet. Increase of knowledge was measured
by the percentage decrease of error in the post-test com-
pared to the pre-test. Error was calculated using the mean
of absolute deviation from each item’s put position by the
learner compared to its correct position. Percentage de-
crease of error in the post-test compared to the pre-test was
calculated and used as the score to measure increase of
knowledge. To validate increase of knowledge through the
simulation was significant, a paired t-test was performed
on the pre- and post-test scores.

5 Results
Study sample and increase of knowledge

Out of the 51 participants, 47 completed the IPQ and
UTAUT questionnaires, while 45 filled in the knowledge
tests.

Table 1 summarises the study sample. The sample
was relatively homogeneous consisting of health profes-
sion students, mostly aged ≤ 25 (91.5%) and being female
(85.1%). Overall, 38.3% had previous experience in VR
and 10.6% had previously performed endotracheal suc-
tion on a human patient. There was no significant differ-
ence in test performancebetween the groupwith andwith-
out previous VR experience.

As a requirement for further research questions, in-
crease of knowledge through using the VR simulation had
to be confirmed. Mean absolute error in the pre-test over
all participants was 2.26 and 0.79 in the post-test. Mean
percentage decrease of error was 65%. A paired t-test con-
firmed high significance (p < 0.001).

5.1 UTAUT Constructs Effect on Acceptance

While four of the six UTAUT constructs reached at least a
value of Cronbach’sAlphaα>0.8,which is indicates a con-
struct with good internal consistency, social influence (α =

https://www.r-project.org/
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Table 2: UTAUT constructs mean and effect on behavioural intention
(*p < 0.05, **p < 0.01).
construct mean effect (f2) t-value p-value

Performance expectancy 4.40/5 0.34 2.33* 0.025
Effort expectancy 4.03/5 0.25 1.80** 0.008
Anxiety 1.74/5 −0.10 −0.83 0.41
Self-efficacy 3.36/5 0.11 0.88 0.38
Behavioural intention 3.80/5 – – –

Table 3: Pearson’s correlation between presence and behavioural
intention (***p < 0.001, *p < 0.05).
construct Correlation (r) t-value p-value

sense of presence 0.52 4.07*** 0.000
spatial presence 0.39 2.86* 0.01
involvement 0.26 1.79 0.08
experienced realism 0.34 2.43* 0.02

0.64) and facilitating conditions (α = 0.37) did not reach the
α ≥ 0.7 border which is considered inacceptable reliability,
Thus, the two constructs had to be discarded for further
conclusions leaving h1c and h1d unanswered.

Table 2 shows themean score of the UTAUT constructs
as well as their effect on behavioural intention and its
significance. Overall, behavioural intention of using VR
for learning was high (3.8/5 (76%)). The constructs per-
formance expectancy (f2 = 0.34, p = 0.025) and effort ex-
pectancy (f2 = 0.25, p = 0.008) had a significant effect with
amedium to large effect size on behavioural intention sug-
gesting that h1a and h1b are likely to be true.

5.2 Effects of Presence

The scores of the presence subscales were as follows. The
general sense of presence was relatively high (4.5/6), spa-
tial presence (4.3/6) and involvement (3.9/6) were in the
medium range, while the expected realism was rather low
(2.5/6).

Table 3 shows Pearson’s correlations between the
presence subscales andbehavioural intention. Correlation
between sense of presence and behavioural intention was
highly significant (p < 0.001) and according to Cohen also
has a large effect (r>0.5). Correlation between spatial pres-
ence andbehavioural intention, aswell as experienced real-
ismwere also significant with a medium effect. Thus, h2a,
h2b and h2d were confirmed. The effect of involvement
was not significant and had only a low effect size, which
lead to h2c being rejected.

Table 4: Pearson’s correlation between presence and increase of
knowledge (*p < 0,05).
construct Correlation (r) t-value p-value

sense of presence −0.28 −1.89 0.07
spatial presence −0.33 −2.31* 0.03
involvement −0.15 −1.03 0.31
experienced realism −0.16 −1.07 0.29

Likewise, Table 4 shows correlations between the
presence subscales and increase of knowledge. Correla-
tion between spatial presence and increase of knowledge
was negative withmedium effect size (r = −0.33, p = 0.03).
h3b was not confirmed, due to the negative effect. The
other presence subscales did not correlate significantly
(p > 0.05) which means h3a, h3c and h3d were not con-
firmed either.

6 Discussion
Like the UTAUT model suggests, performance expectancy
and effort expectancy had a significant effect on be-
havioural intention. Although some participants showed
fear during execution of the simulation and had to can-
cel it, anxiety did not have a significant effect and nei-
ther did self-efficacy. Due to their insufficient reliability,
no statement about social influence and facilitating con-
ditions can be made. Overall, technology acceptance in
VR learning does not seem to differ from other domains
regarding the UTAUT constructs. However, the number of
participants was small and further research needs to be
done to verify this. This is especially the case with the anx-
iety construct since our subjective observations differed
from the statistical findings.

Sense of presencehadamedium to strong size positive
effect on behavioural intention thatwas highly significant.
A higher sense of presence in a simulation could lead to a
higher behavioural intention by learners. This seems plau-
sible, since a simulation that absorbs the learner into a vir-
tual training scenario and feels subjectivelymore realistic,
should be more likely to be accepted and used.

Out of the presencemetrics, only spatial presence cor-
related significantly (p < 0.05) with increase of knowledge.
It seems likely that a user who feels more spatially present
in the virtual training scenario would have a more im-
printing experience and could thereforememorisemore of
it. However, against this presumption the correlation was
negative. Our result is in line with previous research about
the effects of presence on educational outcomes that come
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to highly different results which show similar negative cor-
relations and struggle to come up with a clear conclusion
or a verdict on the effect of presence (see Section 2.2).

There could be various reasons for this discrepancy.
To begin with, it is possible that there are various sur-
vey instruments for assessing presence which are based
on slightly different definitions and are therefore not mea-
suring the same constructs. Another more complex expla-
nation includes viewing presence from two different per-
spectives. Firstly, presence can be seen from a user’s per-
spective, suggesting that each person has a different sense
of presence towards the same simulation. Secondly, pres-
ence can be seen from simulation perspective suggesting
that the sameuser feels different degrees of presence indif-
ferent simulations. This would lead to two different study
designs. In the first study design, differences in the degree
to which users perceive presence in the same simulation
are measured. In the second study design, different sim-
ulations are compared by having the same users partic-
ipate in multiple simulations, and the differences in de-
grees of presence which those simulations can convey are
measured. On one hand, users who generally feel more
present in VR simulations than others might focus more
on the environment than the actual task and receive a cog-
nitive overload [38]. On the other hand, simulations that
generally convey a higher sense of presence could lead to
more imprinting experiences and therefore positively af-
fect increase of knowledge [33].

Besides increase of knowledge, psychomotor out-
comes, such as improved technical skill performance, are
an important topic for further research. In order to investi-
gate these in the domain of nursing education and ET suc-
tioning, we are developing an OSCE to quantitatively as-
sess skills outcomes. Based on theoretical insights as well
as evidence from medical technology research, some pre-
sumptions can be made.

An important feature of VR is the ability to incorporate
haptic elements aswell as interactionwith them. Learning
theories (see Sections 2.1 and 2.2) support the use of hap-
tics and interaction, as hands-on experiences ensure that
learners remember the content better. The importance of
haptic and interaction fidelity of simulations has been de-
scribed in several papers. Some reviews argue that skills
cannot be fully learned through virtual training, and real
training on patients is still essential [13, 30]. The skill level
that can be achieved through VR would be low-plateau,
i. e. less maximum skill compared to training on real pa-
tients [13]. Furthermore, it would be important that move-
ments are learned in the most realistic way possible by in-
corporating haptics and force feedback. Otherwise, there
might be a risk that interventions will be applied incor-

rectly in practice due to inaccurately learned motor se-
quences in simulations [13]. A summary of best practices
for educational VR simulations suggests that movements
with controllers should be mapped as realistically as pos-
sible [50]: Rotating movement, for example, should be
mapped to a circular movement of fingers on the touch-
pad rather than to pressing a button. Finally, in the non-
VR simulation domain of nursing education, one review
concluded thatmediumfidelity patient simulatorswith fo-
cus on haptic andmotoric interaction are more effective in
producing psychomotor skill outcomes than high-fidelity
ones with additional features, such as speech or breathing
simulation [10].

Based on these presumptions, the effect of VR skills
training with real-world haptic and motoric interaction
has yet to be estimated, especially in the domain of nurs-
ing education and ET suctioning. A previous approach de-
scribed a VR simulation with a force-feedback device at-
tached to the wrists of users to simulate catheter drag
[23], but has not reported results regarding educational
outcomes yet. We plan to use a similar approach in our
next study. However, in order to fulfil the presumption that
haptic and motor fidelity has to be as maximised, we at-
tempt to incorporate a real catheter into our VR simula-
tion, which in turn will transform the VR simulation into
a mixed-reality simulation. Furthermore, we will compare
two simulations with varying levels of immersion to learn
more about the effects of presence.

6.1 Limitations

There are some flaws in the study design. On one hand,
the VR simulation aims to teach nursing skills. The par-
ticipants, however, were physiotherapy students as there
were no larger nursing student groups available to the au-
thors for testing. Additionally, previous experience in suc-
tioning is likely to influence performance. On the other
hand, the large number of effects investigated with a rela-
tively small amount of study participants could lead to sta-
tistical errors. Another problem is that no split of groups
was performed. Participants all ran the same simulation
which led to making assumptions based on general effect
size classes and correlation of constructs rather than com-
paring effect sizes.

6.2 Conclusion

Our pilot study analysed various aspects of VR learn-
ing in the health care education sector. Performance ex-



C. Plotzky et al., Virtual Reality in Healthcare Skills Training | 81

pectancy and effort expectancy had a significant effect
on behavioural intention in the target group while self-
efficacy and anxiety did not. This reflects the results from
the creators of UTAUT [5]. We could not confirm the ef-
fects of social influence and facilitating conditions due
to unreliability of our constructs. Moreover, our results
suggest that the sense of presence could have a positive
effect with large size on behavioural intention of health
care VR learning simulations. Future research needs to im-
prove the UTAUT based items in order to gain more reli-
able insight particularly into the anxiety construct, which
seemed to play a role according to our observations. More-
over, our detected effect of presence must be confirmed
through further studies.

We found that therewas a significant negative correla-
tion between spatial presence and increase of knowledge
andno significant correlationbetweenother presencemet-
rics and increase of knowledge. We explained a possible
reason for the discrepancy of the measured effects of pres-
ence on learning outcomes in different studies. There is
still no consensus about the effect of presence on learn-
ing and further research needs to investigate the topic in
further studies.

Finally, the effects of haptic immersion and motoric
fidelity VR simulations in nursing education need to be
studied. For this purpose, we are developing an OSCE to
assess skills outcomes and a mixed reality simulation that
uses a real catheter.

Acknowledgment: A special thanks goes to Barbara
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