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Figure 1: Virtual environments for nurse training. Left: Intensive Care Unit, right: Apartment (Ambulant care)

ABSTRACT

The nursing profession is widely regarded as very stress-
ful. Stress has been shown to have adverse affects on both
nurses and patients. It is therefore important to decrease
stress exposure, especially in safety critical environments.
Virtual reality (VR) has become a wide-spread medium with
use cases in many different industries, such as medicine,
military, and aviation. The possibility of VR to create an im-
mersive experience in a realistic depiction of the working
environments, such as an ICU, including typical stressors
makes it a good candidate as a training tool. This work out-
lines possible technologies and applications to create and
measure stress for a holistic training experience.

Previous studies have shown positive effects of training in
VR on stress or anxiety, but the costs for skills- and real lab-
oratories with the required equipment are too high for some
institutions to carry. Virtual reality can be a cost-adequate
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alternative for this sector. However, little research has been
conducted on how to create stress in a virtual environment
in order to better prepare for stressful situations. Therefore,
we present a concept for researching stress induction in im-
mersive virtual environments.
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« Human-centered computing — Virtual reality; Haptic
devices; Scenario-based design.
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1 MOTIVATION

Occupational stress can be dangerous, especially in safety-
critical environments. It has been shown that occupational
stress experienced by nurses contributes to feelings of inad-
equacy, self doubt and lowered self esteem. Stress also nega-
tively contributes to staff conflict and rapid staff turnover [1].
Furthermore, it is detrimental to the patients safety and, in
the long term, for the nurses themselves, as enduring stress
can lead to depression, burnout and post-traumatic stress
disorder (PTSD) [2]. Primary sources of nursing stress are
physical overload, emotional demand of patients and fami-
lies, higher exposure to death and separation as well as poor
communication and support [3]. However, if one is prepared
to deal with the stress, it can actually make you work more
efficiently [4]. Prachyabrued et al. identified several stress
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management approaches, one of which is pre-deployment
training, a concept to prepare staff to psychological deal with
future potential stressors [2].

Virtual reality (VR) is a promising tool to create rich, immer-
sive environments for personnel to train in - environments,
that would otherwise be to expensive or even too dangerous
to recreate with sufficient realism. However, Freina and Ott
have shown that nursing is an area that makes only little use
of VR in training [5]. The focus in this work will emphasize
on the creation of stress in nursing context as well as the ap-
propriate technologies and methods for measuring activities,
as well as physical and psychological stress.

2 RELATED WORK

In the past, research has been conducted on how to induce
stress and increase situational awareness in workers, albeit in
different professions. Other studies focused on the stressors
in nursing and advice on how to minimize them.

Stress in simulated training situations

Prachyabrued et al. show that one can use stress inocula-
tion training (SIT) in VR with pre-hospital emergency health
care personnel (e.g. paramedics) to better prepare them for
critical situations they are bound to experience during their
work [2]. SIT attempts to improve stress resistance in an
individual by delivering a skill set that enables the trainee
to cope with the stressor in a more favorable way [6]. The
authors showed that the repeated exposure desensitizes the
user with regard to stress, because it renders experiences
less novel. Furthermore, they show that using emotional con-
nections have a strong impact on the stress response of the
user of their VR software: following the three-act structure,
commonly found in novels and video games, they present
some users with a story line where users get to know their
superior EMT in an introductory scene, shortly before the
superior dies in an accident, eliciting a strong emotional re-
sponse. For other users, the experience began differently -
they did not get to know their supervisor beforehand, instead
the software placed them in an ambulance on the way to
an emergency. The situation was experienced using a VR
headset and controlled using a workstation PC. In this exper-
iment, galvanic skin response, heart rate and self-rating of
stress as well the IPQ questionnaire were used for evaluating
stress and the feeling of presence, respectively. Results have
shown that participants who had the friendly encounter had
a stronger stress response to the sudden death of their su-
perior compared to those who did not see this introductory
scene. However, the results of the stress assessment may be
questioned because the participants were only rating their
stress level on a scale from one to ten, and not on a standard-
ized tool.

Shiban et al. use a modified version of the Trier Social Stress
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Test (TSST), which has been reworked for use in virtual re-
ality (VR-TSST) [7]. This test was designed by Kirschbaum
et al. in 1993 as a highly standardized framework to induce
stress in participants. It includes public speaking, arithmetic,
and anticipation [8]. The VR-TSST has been shown to elicit
significant stress reaction in social situations, comparable to
the in-vivo TSST. For a third group of participants, a virtual
competitor has been added to the experience (VR+-TSST)
However, the reported cortisol level from saliva tests yielded
significantly different results between groups, with in-vivo
participants showing the highest response rate. When com-
pared with the VR+ version of the TSST, neither of the VR
scenarios created a stronger reaction than the other. How-
ever, this work was focused on social situations and thus the
scenario is not applicable for the task load and safety critical
environments that can be found in nursing.

Popovic et al. created a closed loop, physiology-driven VR
system to deliver SIT in PTSD patients and workers in high-
stress fields [6]. The generated stimuli that are being shown
to the patient (trainee) depend on the estimation and assess-
ment of the current emotional state. The stimuli change that
state and the results are being fed back into the stimuli gen-
erator. However, the authors only provided information on
how the system works, not how effective it is.

Pallavicini et al. discuss the effectiveness of VR stressors in
comparison with sound or text in exposure therapy [9]. In
their study, they simulate technology breakdowns to test how
much a cut in presence and thus complete loss of immersion
influences the effect of exposure-based therapy for stress and
anxiety. They altered the experience in the VRE twofold: they
inverted head tracking randomly and they desynchronized
the avatars lips from their voice. Results show an even lesser
effectiveness in VR with broken presence in comparison to
other means of delivering an anxiety inducing experience.
The authors conclude that, in order for VR to be effective,
the developers have to guarantee a high level of presence
throughout the experience.

Lackey et al. show that the self-reported measures on the
experience of a VR based training can predict stress and
workload that is imposed by a subsequent live transfer task
[10] . They studied, among other things, the stress response
of US Army soldiers to a real (as opposed to virtual) training
session for a room clearing task. Half of the soldiers were
randomly selected to prepare for the task using VR, the other
half received standard, non-simulated (real) training on the
same task. The researchers’ results indicate that VR training
may be helpful in reducing stress and workload with crite-
rion tasks and thus protect mental resources. However, there
were no details on how detailed and multisensory the VR
experience was. Therefore, it is hard to estimate how stress
was evoked.

David Scherfgen built a traffic simulator to induce physical
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and mental stress in cyclists [11]. The prototype consists
of a three back projection screens (1.4m x 1m), a stationary
mountain bike, and a VRE that simulates a traffic situation.
Here, physical stress is created by having the user cycle the
mountain bike, which also creates a higher sense of immer-
sion. The mental stress is induced by augmenting the scene
with oncoming cars and and randomly appearing obstacles.
Users were asked to avoid collisions. During the experiment,
both the amount and speed of cars and obstacles could be ad-
justed on the fly. Although no exact numbers were presented
in the study, the author notes that a group of elementary
school children participating in the study behaved similarly
in the simulator as they would have in real traffic. Addition-
ally, one participant was fitted with physiological sensors
which recorded and a delta in stress-dependent bio mark-
ers when the traffic situation changed. The author did not
mention to have used a multisensory approach, which would
have increased the immersion and thus might have elicited
a stronger stress response.

Clifford et al. present a multisensory training system for
aerial firefighters and the simultaneous measurement of their
stress response using heart rate variability as the metric [4].
Their system comprises a 270 degree cylindrical projection
display, vibro-tactile seats and spatially rendered surround
sound. The study design includes several users, although
only one is the person of interest during each run. When
compared to a high fidelity training (in an actual helicopter)
and a low fidelity training (radio chatter only), they did not
find significant differences in pre- and post test measure-
ments. Participants asked for deeper immersion, something
that could probably have been achieved by using a VR head
mounted display.

Stress factors in nursing

In nursing, several stress factors have been identified. As
for environmental stressors, noise is mentioned commonly
in the literature [12, 13]. Morrison et al. showed that the
constant noise level on a pediatric ICU (PICU) can increase
heart rate and contributes to tachycardia [14]. Noise as a
stress factor in an ICU is also mentioned by Vahedian-Azimi
[15]. It increases patients risk for delirium and the length of
stay in the ICU, in nurses it leads to higher stress level and
potentially alarm fatigue [13].

Lavoie et al. further identified team effectiveness, task obsta-
cles, organizational obstacles, and technology obstacles as
relevant stressors [16]. However, their study was limited to
nurses working in neonatal ICUs.

In a review regarding stress among nursing students, Alza-
yyat and Al-Gamal have identified stress factors that occur
during the clinical part of the education [17]. Most often,
students cited emotional stress (seeing patients suffer and/or
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die), complex workplace relationships with nurses and doc-
tors, and high workload as reasons for being stressed. The
same factors have been identified by Chatzigianni et al. in a
cross-sectional study in Greece [18].

Vahedian-Azimi et al. collected similar stressors in their 2017
cross-sectional study on Iranian nurses [15]. They name or-
ganizational factors, namely a perceived increasingly high
workload due to staff shortage, inadequate pay, technical
issues, and psychological factors, such as threats, emotional
violence and/or abuse through patients and their family, and
bullying within staff. Generally, workplace ethics and vio-
lence is an often cited stressor [19, 20].

It is important to note that all of these stressors are in-
dividually perceived. Factors such as age, sex, educational
level, marital status, and experience have been shown to
be an influential factor on how individuals cope with stress
[12, 15, 21].

3 STRESS MEASUREMENT

Stress consists of two major components: Stressors and the
stress response. Stressors are stimuli in the environment
that provoke the stress response, a "non-specific reaction of
the body to any demand for change, involving a complex
reaction pattern that often has physiological, cognitive, and
behavioural components” [22]. In simpler terms, it is a re-
sponse by the sympathetic nervous system to a perceived
threat with the purpose of preparing the body to activate
"fight or flight mode’ [23].

Stress is caused when demands on an individual exceeds
that individuals resources, whether the demand is of physio-
logical, cognitive, or emotional nature. On a more general
level, it is an interplay between stress on the individual level,
in the personal life, and the work environment [23]. Occupa-
tional stress specifically refers to job related stressors that
occurs when the employee can not keep up with the demands
their work places on them.

Measuring stress can be done subjectively, using self-
administered questionnaires, and objectively, by taking phys-
iological measures into account. Sharma and Gedeon identi-
fied multiple physiological factors and appropriate sensors
in a 2012 survey, compare Figure 2 [24].

The (objective) physiological data can be obtained in real
time using on-body sensors. While inside the VR experience,
the users nervous system will react to the impressions. This
reaction can be measured as alterations from values, that
will be recorded during a calm phase, before the experiment
begins (baseline recordings).

In order to subjectively (self-) assess stress levels, several
questionnaires are available that ask questions about events
in the past and how the participant feels about said events.
The results of these questionnaires will help to quantify the
effects of the virtual reality experience.
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Figure 2: Common physical and physiological measures
used in stress measurement.

Physiological measures.

Heart Rate (HR). The heart rate is calculated as the mean
heart contractions (beats) per minute. It is controlled through
the autonomic nervous system (ANS). The ANS consists of
the sympathetic nervous system and the parasympathetic
nervous system. Sympathetic stimulation, i.e. in response to
stress or trauma, increases the heart rate, while parasympa-
thetic activity decreases it. Although definite numbers are
depending on the individual and their level of cardiovascular
fitness, generally a faster heartbeat is a sign of stress [25].

Heart Rate Variability (HRV). HRV is defined as the varia-
tion over time of the period between consecutive heartbeats
and thus dependent on the regulation of the heart rate. It
can be used to assess the hearts ability to adapt to changing
circumstances. The HRV has already widely been used as
a primary measure for stress, as it is very useful in under-
standing the status of the ANS. A high HRV is a sign of a
healthy heart, as it shows that the heart is able to quickly
respond to external influences [26].

Galvanic Skin Response (GSR). GSR, also known as skin
conductance or electrodermal skin response, has been shown
to be a reliable indicator of stress in humans. In stressed
individuals, an increase of moisture on the skin surfaces
increases the conductivity of the skin. Vice versa, in calm
individuals this conductivity decreases. Measuring GSR is
highly suitable for monitoring activities of the ANS, as the
sympathetic branch is dominant during stressful situations
- which is the branch that solely controls the sweat glands
[27]. Additionally, Shi et al. have shown that GSR can also
be used as an objective indicator for the cognitive load of
the test subject in real time and with fine granularity. They
tested individuals on the use of a multimodal user interface
and measured GSR. When they compared the recordings
to measurements that were taken when the subjects where
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using a unimodal U, they found that the cognitive load
correlated with GSR [28].

Self assessment through questionnaires.

The Perceived Stress Questionnaire (PSQ). Levenstein et al.
conceived the PSQ, a 30 item questionnaire that focuses on
stress as representation of perceived strains [29]. It has a
universal target population, its goal is to measure the subjec-
tive perception, evaluation and further processing of stres-
sors [30]. The subjective perception is a decisive factor for
the progression of different illnesses, which makes an exact
knowledge about the perception paramount for improving
therapeutic and medical interventions. The German version
by Fliege et al. has been validated with a sample of women
giving birth or having had a miscarriage, and also in a gen-
eral household survey [31]. However, Gross et al. mention
that 30 items can be a lot for bigger studies [30].

Dundee Stress State Questionnaire (DSSQ). Matthews et al.
have developed the DSSQ in 2002 [32]. In a 2013 published pa-
per, they review its use on the investigation of task-induced
stress. They argue that tasks impose stress for they carry a
high workload or come with time pressure or the likelihood
of failure. Furthermore, operational settings and social fac-
tors influence task performance. Task-related stress thus can
have "a variety of consequences such as an acute emotional
response, performance impairments and long-term impacts
on the operator’s health and well-being" [33]. The authors
note that it is vital for validity of the scale that the stress
measure correlates with objective performance measure.
The DSSQ is a three-factor, 10 scale questionnaire with a
shorter version existing. Its application allows to evaluate
tasks, performance environments with respect to environ-
mental stressors, and diagnostic monitoring.

The Perceived Stress Scale (PSS). Cohen et al. published
the PSS in 1983 [34]. It is a 14 item questionnaire, that is
designed to be easily grasped with rather general questions
and thus not specific to any sub-population group. The PSS
is an established tool for the self report of the psychological
conceptualization of stress (as opposed to the environmental
and biological approach). Perceived stress has been linked to
reduced life satisfaction, and the PSS measures "the degree
to which situations in one’s life are appraised as stressful".

The authors also mention that of the original 14 items, 4
were dropped due to low factor loadings. The shorter version
shows a slightly improved reliability [35].

4 RESEARCH APPROACH

Creating and augmenting detailed environments and de-
signing tasks requires a systematic approach. The Human-
Centered-Design process, as lined out in ISO 9241-210, pro-
vides a framework for this kind of research, specifically by
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analyzing the context of use, defining the requirements, pro-
totyping and executing tasks, and their evaluation.

Context analysis and requirement definition. After leading
interviews with and focus groups with nursing staff, the
resulted information can be used to derive typical tasks,
which then have to be designed and implemented. In the
focus groups, nurses were educated about how what virtual
reality is and how it works. Further, we showed some interac-
tion paradigms and explained the use of the controllers. The
nurses were then asked to explore the virtual environments
we had previously set up, see Fig-1. The resulting consensus
between our participants was that, with current consumer
technologies, it makes more sense to recreate process-based
tasks instead of tasks that require the use of ones hands.
Concurrently, we are exploring technologies to recreate the
typical work load and influencing factors such as noise and
light. These must be designed and implemented as well. Tasks
must be carefully analyzed in order to transfer them into VR.

Task design and stress emulation / substitution. In order to
induce / emulate stress in study participants, stress relevant
features from real nursing tasks have to be recreated in the
virtual environments. Tasks need to be designed to evoke a
stress response similar to those identified in other research.
The planned augmentation of stressful experiences requires
additional hard- and software.

VR enables the recreation of stressful environments. Walk-
ing tasks can be emulated by using omnidirectional tread-
mills. Locomotion movements that happen in-place on the
treadmill are translated into the virtual world, enabling the
user to run and walk in the environment. Lights and noise
can be implemented to create environmental stress, and vir-
tual characters not only help to make an experience more
complete, but they can also be used to induce emotional
stress, such as the loss of a friend or by creating a hostile
social situation.

To increase psychological workload, tasks should be de-
signed in a way that they intersect with each other, such as
alarms interrupting a thinking task, for example memorizing
sequences or solving a puzzle or math task.

Evaluation. Lastly, the implemented tasks must be run and
evaluated using real-time physiological measures as well as
pre- and post experiment questionnaires, so we can compare
different experiences with respect to the amount of stress it
induces in the user. In order to measure stress, we plan on
recording the previously introduced biomarkers as these are
commonly used throughout the literature and yield objective
results. For the experiments, the participants will be - de-
pending on the task - sitting or standing in a quiet room. The
equipment for VR will include the HMD and a headset with
surround sound capabilities. Controllers may be optional,
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also depending on the task. Statistical calculations can be
done in R or MatLab. Additionally, participants will be given
standardized questionnaires from the field of psychology and
human-computer interactions as to assess several aspects of
the experience. These validated questionnaires have been
used throughout stress related research. As for immersion,
task load, and usability, there are also standardized tools such
as the IPQ, SUS, and the NasaTLX.

5 CONTRIBUTIONS

Often, the exact nursing task cannot be mimicked in its en-
tirety. Instead, in order to induce / emulate stress in study par-
ticipants, the stress relevant features from real nursing tasks
have to be extracted and recreated in the virtual environ-
ments. They need to be designed to evoke a stress response
similar to those identified in other research. To induce stress,
we plan on augmenting the existing, virtual nursing-related
environments, with typical stressors. These are visible and
audible alarms, social interactions with virtual characters
(colleagues, patients, family), and physical tasks.

Based on this, the goal is to research the following questions:
a) is the stress created in VR equal to the stress experienced
in the real situation, b) how can missing stress factors, e.g.
physical stress, be designed to maximize immersion. Mea-
sures of interest will be the amount of induced stress, task
load of the virtual tasks, and the level of immersion experi-
enced by participants. For that, it is necessary to figure out
how to best transfer nursing tasks from reality to a virtual
environment. We want to aid the nursing community by
creating immersive training environments in which aspiring
nurses can prepare for stressful situations. I hope to con-
tribute techniques to converse tasks from the reality into VR
with a high degree of realism, including the way tasks are
carried out and the interaction with environment and virtual
characters.
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