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Mild stress stimuli built into a non-immersive virtual environment can elicit actual
stress responses
Mohammed Alghamdia, Holger Regenbrechta, Simon Hoermanna,b,c* and Nicola Swaind

aDepartment of Information Science, University of Otago, Dunedin, New Zealand; bDepartment of Medicine (DSM), University of Otago,
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ABSTRACT
The experience of Virtual Reality (VR) can lead to unwanted or wanted psychological stress
reactions. Highly immersive VR games for instance utilise extreme, life-threatening, or dangerous
situations to achieve those responses from their players. There is also sufficient evidence that in
clinical settings and specific situations, such as fear of heights or post-traumatic stress, virtual
stimuli can lead to perceived stress for clients. However, there is a gap in research targeting
everyday, mild emotional stimuli, which are neither extreme nor specific and which are not
presented in an immersive system. To what extent can common stimuli in a non-immersive
virtual environment elicit actual stress reactions for its users? We developed a desktop VR system
and evaluated it in a study with 54 participants. We could show that virtual stimuli in a common,
domestic family environment led to a significant increase in perceived stress as measured by
quantitative (self-reports) and qualitative (semi-structured interviews analysed with a General
Inductive Approach (GIA)) responses. The results also showed that the introduction of virtual
stimuli induced significantly higher levels of perceived workload and sense of presence and led
to different physiological reactions. These findings have implications for the design and
implementation of non-immersive VR systems.
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1. Introduction

For most of us, standing at the edge of a high cliff is an
uncomfortable, even stressful experience. We might get
sweaty hands, our heart rate (HR) goes up, we can hardly
concentrate on anything else than mastering this situ-
ation, and we might even start to panic. These responses
to a stressful situation help us to survive or at least to
keep us out of danger most of the times. However,
some people develop fears which are so severe that
they interfere with their normal life and therefore they
need help (North, North, and Coble 1998). Mental health
professionals often use an adjunct Virtual Reality
Exposure Therapy (VRET) approach (Krijn et al.
2004). In VRET, clients are exposed to fearful or
stress-evoking virtual stimuli to develop coping strategies
for real-life situations (Wiederhold, Bullinger, and Wie-
derhold 2006). There is an extensive body of research
showing that those specific virtual stimuli actually lead
to equivalent psychological responses for users (Mühl-
berger et al. 2007), for instance, eliciting anxiety (e.g. Per-
taub, Slater, and Barker 2002; Hartanto et al. 2014;
Seinfeld et al. 2016), stress (e.g. Slater et al. 2006; Stetz
et al. 2006), and fears (e.g. Diemer et al. 2014; McCall

et al. 2015). Apparently, virtual stressors are as effective
as real-life stimuli in those extreme situations.

Similarly, when playing highly immersive computer
games, people are seeking the experience of stressful situ-
ations (amongst other forms of experiences) by getting
stimulated with the virtual stressors presented in the
games. Those stimuli include dark, claustrophobic
spaces, (virtual) life-threatening game characters such
as monsters, and, again, high cliffs or dangerous animals,
such as spiders (e.g. McCall et al. 2015).

Highly immersive computer games and VRET use
similar stimulation techniques to evoke certain psycho-
logical responses, such as stress. There are even situ-
ations where computer games are used for VRET
focusing on significant life changes or scenarios associ-
ated with major life events, like with post-traumatic
stress disorder research (e.g. Difede and Hoffman
2002; Rizzo et al. 2010; Rizzo et al. 2014); fear of spiders
(Garcia-Palacios et al. 2002); fear of cockroaches
(e.g. Botella et al. 2005); fear of heights (e.g. Krijn
et al. 2004); fear of flying (Rothbaum et al. 1996);
and fear of public speaking/social phobia (e.g. Botella
et al. 2000).
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However, life is more than just being in specific and
extreme situations: at cliffs, at war, in jungles full of spi-
ders, or fighting armed monsters. What about everyday
events which make us feel stressed? The too-many-
things-at-once situations, the noisy neighbourhood, or
our children playing with lighters or knives? While
there is no doubt that those situations make us feel
stressed in real life (Kanner et al. 1981; Crnic and Green-
berg 1990; Kohn and Macdonald 1992), it is unclear
whether virtual, everyday stressors would elicit actual
stress responses. Are virtual stressors only effective for
specialised or extreme situations or will they work for
everyday situations as well?

In addition, if those virtual stressors are presented in a
highly immersive system, for example, by utilising head-
mounted displays (HMDs) or surrounding stereo projec-
tions, there is little doubt that this immersive experience
can lead to actually perceived stress. But, is that true for
the more widely used class of virtual reality (VR) systems
utilising just a monitor screen? Those non-immersive
systems are readily available, are familiar to most people,
and are less prone to evoke stress or other emotional
responses by their sheer appearance. For example,
when putting on a HMD or entering a CAVE, this act
in itself will provoke reactions, at least for first-time or
occasional users.

Krijn et al. (2004) point out that ‘ …VRET should be
distinguished from different forms of treatments […]
[for instance] computer-assisted vicarious exposure’.
The latter would use a 2D screen but not necessarily a
3D virtual environment (on screen), like in the system
suggested and presented in this paper here. They also
point out that ‘Research is needed to compare VRET
with these other computer-mediated treatments’. Our
work addresses this by presenting a non-immersive,
but nevertheless VR system to be used to evoke psycho-
logical responses of stress.

If we can show if and how mild everyday stimuli pre-
sented in a common, non-immersive VR system can eli-
cit actual stress responses, then this will influence our
decisions on the design of virtual environments, either
to avoid stressful experiences for our users or to provide
such experiences like in (casual) VR games. Also, would
virtually evoked stress responses lead to higher workload
and a higher sense of presence for the users? While the
higher perceived workload would just confirm our com-
mon-sense judgement, a higher sense of presence means
that the virtual environment is perceived as a virtual
world. A perceived sense of presence is a defining
element of VR (Slater 2009).

Based on a scenario around an everyday, domestic
family environment, we present a study which shows a
positive, significant relationship between virtual, everyday

emotional stimuli and stress responses. We also show that
workload and presence are significantly affected.

To the best of our knowledge, this research is the first
of its kind to demonstrate a relationship between non-
extreme, non-specialised, virtual, everyday situations
and stress responses; workload measures; and a per-
ceived sense of being in a virtual environment (sense of
presence) with a non-immersive VR system.

2. Related work

2.1. Virtual reality

VR combines three-dimensionality, real-time computer
graphics, and interactivity in a way that users feel
being part of that environment. VR can appear in a var-
iety of forms depending on the hardware and software
being used (Krijn et al. 2004), ranging from non-immer-
sive desktop-monitor systems to so-called CAVE instal-
lations, which are highly immersive, mainly due to the
surroundedness of the users.

The effectiveness of a virtual environment depends on
several elements. The sense of being part of the environ-
ment is a defining element. This sense of presence has
been investigated and studied by many researchers (e.g.
Heeter 1992; Loomis 1992; Sheridan 1992; Barfield
et al. 1995), and it can be defined as ‘the subjective
experience of being in one place or environment [e.g. vir-
tual environment], even when one is physically situated
in another’ (Witmer and Singer 1998, 225); or as ‘a
state of consciousness, the (psychological) sense of
being in the virtual environment’ (Slater and Wilbur
1997, 4). High levels of presence that users experience
in the VR environment should make them perceive
this environment as a more engaging reality than the sur-
rounding physical world, and consider the environment
as a place they have visited rather than just images they
have seen (Slater and Wilbur 1997). Thus, participants’
behaviours in this VR environment should be consistent
with those that would have occurred in real life under
similar circumstances (Slater and Wilbur 1997).

Normally, a higher immersive system would lead to
higher levels of perceived sense of presence and, there-
fore, would lead to stronger psychological reactions.
Whether less immersive systems are effective in that
sense mainly depends on the modes and levels of inter-
activity and on the architecture and narrative of the vir-
tual environment (Regenbrecht 2000).

2.2. VR and evoking psychological reactions

Users can be emotionally affected by virtual environ-
ments, even though they know these environments are
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not real (Walshe et al. 2005). There has been research
showing that in particular immersive VR environments
or stimuli can induce (strong) emotional and psychologi-
cal reactions in users (Meehan et al. 2003). For example,
Meehan et al. (2002) conducted experiments to examine
and compare users’ physiological reactions when
exposed to a non-threatening virtual environment com-
pared with a threatening, stressful one. Their results
revealed that a response/change in HR resulted from
the VR exposure. González-Franco et al. (2014) used a
scenario where a group of participants observed an
attack on their virtual body by a knife in an immersive
virtual environment. These are examples of extreme
and specific situations. Or, for instance, McCall et al.
(2015) studied arousal, which is a subjective feeling
with strong physiological correlates. During the study,
they immersed participants in a threatening VR environ-
ment (‘Room 101’). Participants were confronted with a
series of fearful events such as facing many spiders
(crawling down the walls and the ceiling), scary ambient
noise (sounds of footsteps and gunshots), blood appear-
ing on the walls and across the view, and several
explosions destroying the ground. One of their results
showed that this fearful environment was successful in
eliciting physiological responses (HR and skin
conductance).

A number of studies have shown that virtual human
avatars can elicit a type of fear or anxiety similar to
what people may experience in real-life social situations
(Slater, Pertaub, and Steed 1999; Pertaub, Slater, and
Barker 2001; Pertaub, Slater, and Barker 2002; Garau
et al. 2005; Slater et al. 2006).

Some previous research have suggested that there is a
link between presence and emotions in VR (Pallavicini
et al. 2013). Emotions such as fear, anxiety, or stress per-
ceived during immersion were found to be related to
presence (Bouchard et al. 2008). Regenbrecht, Schubert,
and Friedmann (1998) and Schuemie et al. (2000) found
significant associations between the level of fear experi-
enced during immersion and presence. This is supported
by Michaud et al. (2004) and Bouchard et al. (2008) who
performed experiments manipulating the levels of pres-
ence and then examining its influence on anxiety. A
comprehensive review of perception and perception on
emotional reactions, in particular fears, can be found
in Diemer et al. (2015). She and her colleagues developed
a new attribution model for presence, including the
identification of gaps in research.

Research in the application of non-immersive virtual
environments on psychological responses is less numer-
ous, but promising.

A study by Klinger et al. (2005) could show that
cognitive behaviour therapy to treat social phobias

administered traditionally and using a PC-based VR
system showed similar effects. Here, participants sat
in front of a large monitor and navigated in the vir-
tual environment using a mouse, arrow keys, or a
cyberpuck – a non-immersive set-up, but with specific,
clinical stimuli.

The effects of non-immersive VR on phobic (clinical)
and non-phobic (healthy control subjects) were investi-
gated by Robillard et al. (2003), showing that anxiety
and presence only developed for the phobic participants
and that there is a relationship between presence and
anxiety. Apparently, exposing people to a non-immer-
sive virtual environment can lead to psychological
responses, but this study is leaving the question unan-
swered whether this also works for non-phobic stimuli
and for non-phobic users.

Baños et al. (2004) addressed the level of immersion
on presence mediated by emotional elements in the vir-
tual environment. Both immersion and affective content
have an impact on presence, but immersion was more
relevant for non-emotional versus emotional environ-
ments. Hence, it is left unanswered whether a non-
immersive system (less immersion) can elicit (sufficient)
psychological responses.

While there is a host of research into VRET, predomi-
nantly immersive, but also non- and semi-immersive,
and while there is some research in non-immersive vir-
tual exposure with specific stimuli, there seems to be
no or only little research into rather common, mild vir-
tual stimuli in non-immersive, desktop-monitor
environments.

We are utilising a non-specific, non-clinical, common
scenario to investigate this gap in research. Our scenario
of postnatal parenting is well defined and with this can
be rigorously studied, while at the same time it is com-
mon enough to allow for generalisations towards other
applications.

Our research is motivated by requests from research
and practice in mental health, in particular in addressing
postnatal stress and depression, and on how VR can be
used to minimise negative experiences after a child is
born for the parents. We opted for not tackling the clini-
cal nature of this topic, but rather for taking parenthood
as an omnipresent situation worth to serve as an example
for our research.

2.3. Parenting of very young children

For this targeted scenario situated in a domestic family
environment, children play a vital role in experiencing
such an environment, including developing stressful
responses, in particular in the postnatal period, which
is a critical time for every parent, especially a mother.
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During this time, several daily stressors and emotional
challenges typically arise.

Most families and parents typically face daily frus-
trating and difficult events/tasks from child-bearing
and caregiving demands (Crnic and Greenberg 1990).
For some parents, particularly those who are having
children for the first time, this is a new and different
environment they need to adapt to. It is expected that
all parents have to deal with daily common parenting
situations such as being nagged or whined at, respond-
ing and resolving siblings’ arguments, frequently tidy-
ing and cleaning up children’s mess, and more of
other, similar everyday events (Crnic and Greenberg
1990). Parenting a child can be a difficult task (Crnic
and Booth 1991). More challenging children tend to
be a source of significant daily stressors (Crnic and
Greenberg 1990). With children growing and develop-
ing more abilities, they may also show behaviours
that are considered by parents as stressful (Crnic and
Booth 1991). These daily stressors are sometimes called
hassles. Crnic and Greenberg (1990) described them as
‘irritating, frustrating, annoying, and distressing
demands that to some degree characterize everyday
transactions with the environment’ (Crnic and Green-
berg 1990, 1629). Being in such an environment and
dealing with these everyday stressful situations can
affect the psychological well-being of the parent. An
individual, everyday event might have a small effect
in itself; however, the cumulative impact of them over
a day, several days, or longer periods can be perceived
as stressors for parents and result in significant impli-
cations for the functioning of the parents and their
families (Crnic and Greenberg 1990). A study by
Crnic and Greenberg (1990) reported that parenting
stressors are associated with less satisfied parenting
and less functional family status. Such stressors are
not only putting the children at risk because of the
stress, but, in fact, it also affects the whole family sys-
tem (Patterson 1983). These everyday parenting stres-
sors can be important determinants of parental well-
being (Crnic and Booth 1991). They also might be a
meaningful and more relevant context for conceptualis-
ing stress (DeLongis et al. 1982).

In summary, there is a huge body of work on the
development of (strong) psychological responses to vir-
tual stimuli, but no work investigates the apparent ques-
tion of whether everyday situations and stressors
presented in a non-immersive VR system can actually
elicit stress responses to the users of the VR systems.
We are addressing this gap by identifying suitable stres-
sors for a common environment and scenario and by
implementing and evaluating these stressors in a desk-
top-monitor virtual environment context.

3. Identifying a sample of common everyday
stressors for parents

This part of the research sought to practically identify
and evaluate the most common everyday stressors in a
scenario around a domestic family environment. To be
more specific, the focus was on stressors with the follow-
ing characteristics: everyday stressors that typically occur
for parents in a house environment after having a new-
born child.

Three coherent, subsequent phases were designed and
employed.

A comprehensive review of related literature was
conducted to collect and examine common stressors
or stressful events/situations that may affect the
psychological well-being of a person. The gathered
stressors from this review fall into the following cat-
egories: (1) major stressors (e.g. death of spouse, div-
orce, or fired at work (Holmes and Rahe 1967)); (2)
minor everyday stressors (e.g. too many things to do,
home maintenance, or preparing meals (Chamberlain
and Zika 1990)); and (3) special everyday family and
parenting stressors including those after having a
new child (e.g. continually cleaning up messes of toys
or food, the need to keep a constant eye on where
the kids are and what they are doing, and the kids’
demand to be entertained or to be played with (Crnic
and Greenberg 1990)).

After removing the duplicated stressors, a compre-
hensive list of 152 stressors was generated from several
references.

Relying on one source (e.g. literature review) to gather
requirements can result in insufficient data. A deeper
knowledge and understanding can be achieved by con-
ducting qualitative research (Cooper, Reimann, and Cro-
nin 2007). Semi-structured interviews were conducted as
a second source to identify and explain the most com-
mon everyday stressors for parents that typically happen
in a home environment after having a newborn child. Six
semi-structured interviews were conducted with six
domain experts (mental health specialists). All were psy-
chotherapists who are specialised in family, parenting,
children, stress, and anxiety problems. The gathered
data were analysed and results were added to the findings
from the first phase.

It was not feasible nor desirable to implement and
simulate all the stressors that were identified in the
first two phases in the VR system. Therefore, another
evaluation phase was necessary to better define and
narrow down the results. A web-based survey was
designed to assess the identified stressors based on
their level of influence during the postnatal period on
parents. The same six psychotherapists were invited
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again to participate in the survey. Their task was to indi-
cate (based on their experience) the extent to which a
parent who recently had a newborn child would be
stressed in a home environment by the events in the
list provided from the previous results. Seven-point
Likert-like items were used, anchored with ‘Not at all
stressed’ to ‘Extremely stressed’.

The web-based survey resulted in a list of the stressors
rated from the most to the least stressful based on the
knowledge and experience of the domain experts.
Given the scope of this research, and the focus on the
everyday stressors, a final evaluation was performed,
which excluded (1) all major stressors and (2) stressors
that were clearly not relevant to the chosen environment
in this research (a house environment).

For the rest of the stressors in the list, the new focus
was on the most effective stimuli. The following top 13
most effective everyday stimuli as rated by the domain
experts formed the basis for the implemented virtual
stressors in the VR system:

(1) Baby crying.
(2) New family member.
(3) Continually cleaning up messes of toys or food.
(4) The need to keep a constant eye on where the kids

are and what they are doing.
(5) Too many things to do.
(6) Too many things to do at once.
(7) Too many responsibilities.
(8) Overloaded with family responsibilities.
(9) Too many interruptions.

(10) Experiencing high levels of noise.
(11) Troublesome neighbours.
(12) Unsatisfactory housing conditions.
(13) Housework.

A suitable main task in the virtual environment was also
developed from these findings.

The following section explains the system develop-
ment including the implementation of the virtual stres-
sors driven by the findings above. For the rest of the
paper, the word ‘stressors’ will always refer to the ‘com-
mon, mild, everyday stimuli that typically occur for
parents in a house environment after having a newborn
child’. The 13 identified stressors are the sample used in
this research.

While the above list is specific to the postnatal period
in a domestic family house, they also include representa-
tive classes of stressors found in other environments.
Interruptions, noise, workload-related stimuli, and so
on, happen in almost all domestic, commercial, indus-
trial, or clinical situations.

4. System design and implementation

Using Google SketchUp™ software, a 3D house was
modelled to be the virtual environment (Alghamdi
et al. 2016). It is an approximately 737 square metre
family house consisting of a main living room, kitchen,
one bathroom, two bedrooms, and front- and backyards.
A collection of 3D off-the-shelf furniture was used for
the house, all from Google 3D Warehouse™. The main
furniture included models such as chairs, couches,
beds, curtains, and kitchen and bathroom items
(Figure 1).

The system was designed as a collaborative virtual
environment (CVE), where two networked users (i.e. a
participant and an experimenter) interact in one virtual
environment (similar to the concept of multiplayer vir-
tual games). This design allowed for remote communi-
cation and collaboration between the two users. The
game engine Unity 3D™ was used to build the system.
The CVE provided two interfaces/applications that
used the same virtual world and were synchronised
with each other (i.e. one view for the participant and
one view for the experimenter). Each interface enabled
specific functionalities required for its user’s tasks.
More details of the system schematic architecture are
illustrated in the following diagram (Figure 2).

To build the networking component of the system,
Unity Networking was used. The two Unity applications
were connected via a Master Server. First, the partici-
pant’s application starts and is registered with the Master
Server. The experimenter then joins the already running
connection.

The participant was represented in the virtual world
using an avatar entity, which enabled her/him to move,
navigate, interact, and respond within the environment.
The interaction in the environment was designed and
implemented in a direct way: to perform any interaction,
the participant used a standard gaming joystick to pick
up objects, hold them up, move with them, and then
put them down by pressing the joystick button. No com-
plex animated avatar was used for the participant.
Figure 3 shows an example of a participant (first-person
view) picking up a toy, holding it (appears in front the
participant), moving with it, and finally placing it in a
toy box.

To enable collision, a sphere/capsule collider was
added to the avatar, which made it naturally collide
with objects when moving in the scene rather than
going through them (e.g. with walls and furniture).

The connection over the network detects the inputs of
the participant and applies them to the avatar, and then
sends them across the network to the experimenter
application for synchronisation. The participant
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Figure 1. Virtual house test environment.

Figure 2. Schematic of the system architecture (including data streams).
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included the avatar’s head movement and rotation and
the object interaction. The experimenter interface pro-
vided more control over the system. When the appli-
cation starts, the experimenter has a first-person view
from the participant’s perspective. This means the exper-
imenter sees exactly what the participant sees (WYSI-
WIS). At the bottom of the interface, a control area is
located for managing the virtual stressors (starting and
stopping them) and changing the views inside the
house. The experimenter actions applied to the stressors
were synchronised to the participant application (this is
the primary exposure process). The multiple views

functionality of the experimenter allowed him/her to
switch to a non-first-person view of the participant,
then the simple avatar representation can be seen mov-
ing in the virtual world (additional observation
functionality).

The system supported video communication to
enable the two users to communicate in a shared
environment. This function was implemented in the sys-
tem using a videoconferencing communication library
called Video Chat developed by Midnight Status (Status
2014). Using this library, the video and audio streams
were processed and queued, then sent over the network

Figure 3. Example of an interaction in the environment.

Figure 4. User interfaces: experimenter (left) and participant (right).
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in point-to-point streams between the two networked
applications. A webcam image was compressed to 4 K
pixels; this was done at 30 frames per second. Because
the video communication screens in the system were
small, the resolution was kept low, so there was no
need for a high-resolution image. This also resulted in
low required bandwidth. The screen size of the videocon-
ferencing window for both users was the same, 85 mm ×
55 mm on monitor. The total bandwidth was about
270 kB per second for the communication (video and
audio).

Figure 4 shows screenshots of the graphical user inter-
face for both the participant and the experimenter.

Based on the identified stressors listed earlier, a set of
VR representations was developed in the virtual environ-
ment (Table A1, Appendix). All these virtual stressors
focus on those that might typically arise for parents in
a house environment after having a new child (examples
in Figure 5).

5. Method of the experiment

This experiment investigated the influence of the devel-
oped VR stimuli on participants’ levels of stress and
anxiety. The resulting stress and anxiety were measured
using three standardised psychological tests and two
physiological measures (see method section 5.4). Stress
and anxiety in this context are overlapping concepts,
and henceforth will be referred to only as stress for

simplicity. Exposure to the VR stressors lasted for
seven minutes and could be present or absent depending
on the session. During the experiment, the participants
were asked about their stress, sense of presence, work-
load, and task completion.

Two main questions were examined:

. To what extent do the VR stimuli have an influence
on levels of stress of the participant?

. Which relationships exist between levels of stress and
sense of presence, workload, and task completion per-
formance in the virtual environment?

5.1. Experimental design and ethics

The experiment followed a within-subjects design with
three levels (baseline versus non-exposure versus stress
exposure). Additionally, all participants performed two
task conditions in the virtual environment. The main
task was identical in both conditions; however, the
Non-exposure Condition had no exposure to the stres-
sors, whereas in the Exposure Condition, an exposure
to the stressors was applied. To avoid any possible
learning effect, the conditions were fully counterba-
lanced in a randomised order. The VR stressors in the
Exposure Condition were also applied in a counterba-
lanced randomised order. This was to control the
relationship between the stressors’ orders and their
influence.

Figure 5. Examples of the VR stressors (clockwise from top left): a messy room to be cleaned up, a baby crying in the cradle, a toddler
near medication, and a toddler near a knife.
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Using techniques designed to stress participants was
the central ethical consideration. This experiment was
approved by the University of Otago Ethics Committee
(Reference: 15/021). The safety of the participants was
taken seriously during the experiment to protect them
from any possible physical and mental harm. The par-
ticipants were provided with information sheets prior
to the experiment, and a written consent form was signed
and obtained from each participant.

5.2. Participants

A total of 54 adult participants (34 females and 20 males)
took part in the experiment. The age of the participants
ranged from 18 to 62 years (M = 28.67, SD = 9.85). The
dominant ethnicity was New Zealand European by 31
participants, and the marital status varied (i.e. single:
21; married: 17; partnership: 12; divorced: 2; and other:
2). Overall, 34 participants did not have any children,
while 20 participants reported having children (two
female participants indicated that they have recently
given birth, within the past six months).

Participants were recruited from the University of
Otago by advertising around the university. The majority
of them were university students; staff were also
included. None of the participants had any prior knowl-
edge of the experiment. All participants were given a $20
gift voucher after completing the experiment as an
appreciation for their participation.

5.3. Apparatus

The participant and the experimenter were located in the
same room during the experiment. Two desks containing
the hardware set-ups were appropriately arranged in one
physical room, separated from each other through sev-
eral cubical partition walls. This was to make the

participant and the experimenter see and hear each
other only via the system (Figure 6).

Almost identical hardware set-ups were used by the
participant and the experimenter (Windows 7, Dell
OptiPlex 3020 PC (Intel Core TM i5-4670 @3.40 GHZ,
RAM 8 GB), LCD screen (Dell E1910C, 19′′, 1440 ×
900), Logitech HD webcam C270, Tritton Kunai stereo
headset). The experimenter operated the system with a
standard computer mouse, while the participant used a
standard gaming joystick (Logitech X3D).

In addition, the present experiment investigated the
physiological reactions of the participants (HR and gal-
vanic skin response (GSR)). To gather and record the
participants’ physiological data during the experiment,
data acquisition devices/systems were used (ADInstru-
ments). These instruments were a PowerLab system,
Pulse Transducer, GSR Amp, and GSR Finger Electrode
(Figure 7). The software LabChart was used to capture,
visualise, and store the collected data from the instru-
ments. The experimenter used an additional laptop dedi-
cated only for capturing and managing the physiological
data (MacBook Pro, 15-inch, 2.7 GHz Intel Core i7, 16
GB DDR3).

5.4. Measures

Data were gathered using four approaches: self-report
questionnaires, task completion performance data (in
the virtual environment), physiological measures, and
semi-structured interviews.

5.4.1. Self-report questionnaires
Demographic information: several characteristics were
gathered about the participants, including gender, age,
marital status, whether the participant has children or
experience looking after children, and the participant’s
level of expertise in playing VR games.

Figure 6. Hardware set-ups (experimenter left and participant right).
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State-Trait Anxiety Inventory (STAI): STAI’s Form
‘Y’ was used to measure perceived anxiety (Spielberger
and Gorsuch 1983). This measure consists of 40 ques-
tions using a 4-point Likert-like scale measuring two
types of anxiety: state anxiety (items 1–20) and trait
anxiety (items 21–40). The higher the item score, the
higher the anxiety level. State or situational anxiety
items were more appropriate and fit for the present
experiment design. Thus, they were employed to
measure the change in the anxiety level.

Subjective Units of Discomfort Scale (SUDS): a scale
for measuring the subjective intensity of discomfort or
anxiety experienced by an individual. A Likert-like
scale was used, ranging from ‘0 totally relaxed’ to ‘10
highest anxiety/discomfort that you have ever felt’
(Wolpe 1958).

Subjective stress: a one-item question for subjective
stress was used to directly ask how stressed participants
were feeling (perceived stress). This one-question item
used a Likert-like scale from ‘0 – not at all stressed’ to
‘10 – extremely stressed’.

Workload (NASA-Task Load IndeX (TLX)): perceived
workload in the VR environment was measured using the
NASA-Task Load Index. This is a subjective multidimen-
sional tool that was used to assess the task performance
effectiveness. It measures six aspects related to task
demands (i.e. mental demand, physical demand, and
temporal demand) and the individual’s reactions (i.e. per-
formance, effort, and frustration) (Hart 2006). The orig-
inal six items were used with modified Likert-like scales
ranging from ‘0 very low’ to ‘10 very high’. This minor
modification to the scale was done due to the consistency
with the other measures in the questionnaire.

Igroup Presence Questionnaire (IPQ): sense of pres-
ence in the VR environment was assessed using the
IPQ designed by Schubert, Friedmann, and Regenbrecht
(2001). It consists of 14 items on 7-point Likert-like

scales ranging from −3 to 3. The IPQ construct measures
three important components related to presence: invol-
vement (level of awareness of the VR environment),
spatial presence (the connection between the VR
environment and the real physical environment), and
realism (the feeling of how real the VR environment is).

Additional measures for the VR stressors: to provide
more assessment and in-depth evaluation about the VR
stressors, additional measures were used to examine
each stressor individually and in combination with the
others. The participants were asked to rate each stressor
based on levels of (1) awareness, (2) stress, (3) involve-
ment, and (4) realism. At the end, the same questions
were asked to examine these four factors when dealing
with multiple or a combination of stressors. For scoring,
Likert-like scales were used ranging from 0 (not at all) to
10 (very).

5.4.2. Task completion performance
This measured how successful the participant was in
completing the main task in the VR environment in
the given time (Section 5.5), which was measured by
the number of objects collected successfully. Higher
levels of completion mean higher task completion
performance.

5.4.3. Physiological data
Changes in physiological data were measured as an
additional examination for the elicited stress responses
to the VR stressors.

The HR and GSR were the two types of physiological
data that were gathered.

HR was monitored continuously using a pulse trans-
ducer. The transducer was applied around the partici-
pant’s middle finger of the non-dominant hand and
then connected directly to the PowerLab main unit.

GSR or skin conductivity is a change in the electrical
properties of the skin. The GSR finger electrode was
applied to the index and ring fingers of the participant’s
non-dominant hand and then connected to the GSR
amplifier of the PowerLab unit.

5.4.4. Semi-structured interviews
The self-reporting questionnaire and physiological data
often do not answer the Why questions. To explain
and understand participants’ perceptions and reactions,
a semi-structured interview was conducted with each
participant at the end of the experiment. Open-ended
questions were asked covering the aspects of the VR
environment, VR stressors, task, stress, and sense of
presence.

Figure 7. The devices attached to a participant during the
experiment.
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5.5. Scenarios, tasks, and VR exposure

5.5.1. Non-exposure condition
In a CVE displayed on screen, participants experienced
and performed simulated everyday family activities
designed to be similar to those in real life. In this scen-
ario, the participant performed the role of a parent tidy-
ing up her/his messy house. This main task ‘tidying up’
was suitable in giving the experiment scenario. It was
identified based on the results from the stressors identi-
fication process. Using the joystick, this task involved the
act of moving around the messy house, picking up the
task items, and then placing them in the appropriate
places (taking the rubbish to the waste bin, the books
to the bookshelf, the children toys to the toy box, the
dirty clothes to the washing basket, etc.). The participant
was encouraged to tidy up the house in seven minutes.
The (remote) experimenter observed the participant’s
activity in the VR environment. When necessary, the
experimenter could provide some help when asked by
the participant. The video communication function
facilitated the remote communication between the two
parties.

5.5.2. Exposure condition
In this condition, the participant and the experimenter
carried out the same scenarios and tasks from the non-
exposure condition. The participant’s main task was
still tidying up the virtual house in the same approach
and time frame. In addition, while the participant was
doing the main task, the experimenter controlled (trigger
and stop) the everyday family stressors in the virtual
house. The participant interacted and responded to
these stressors while carrying out the tidying activity.
The word ‘stressors’ was not used in the instructions pro-
vided to the participants at all (i.e. instruction sheet).
Instead, the word ‘situations’ was used as an indirect
reference for the VR stressors. This was to avoid any
possible pre-influence on how the participants would
feel about them. The participants had no knowledge of
what the situations were that they needed to deal with.
All they knew was that as parents they had to tidy up
their messy house and take care of any other situations
that may happen in their house. The participants knew
that they were parents of two children in the house, a
newborn child and a two-year-old toddler (this infor-
mation was provided in the instruction sheet). Also,
they were informed that as parents they needed to
keep a frequent eye on where their children were and
what they were doing.

The task completion performance in the VR environ-
ment was measured based on how many tidying items
were collected successfully in the seven minutes of the

condition. The higher the number, the higher the task
completion performance level.

To perform the exposure, the experimenter triggered
each individual stressor separately; then, at the end of
the condition, a combination of all stressors was trig-
gered together. The rationale behind this was to be able
to evaluate the effect of each stressor alone, then, the
combination of the stressors, which is likely to have a
greater impact. The exposure started after fifteen seconds
from the beginning of the condition. Overall, each stres-
sor was triggered for 30 seconds and a gap of non-
exposure of 10 seconds was placed between the stressors.
The timing for the toddler stressor was different due to
the three situations. Each situation was triggered for 10
seconds, planned appropriately when the participant
was going towards the area where the situation was.

5.6. Procedure

Data were only collected from participants and not from
the experimenter. The experiment took approximately
45 minutes.

Before the experiment began, all participants were
provided with information sheets and consent forms,
which provided detailed explanations. If they agreed
and signed the consent forms, they proceeded to the
experiment.

The data collection for the self-report questionnaires
was divided into three parts: before the first condition
(baseline), after the first condition, and after the second
condition. Physiological data were collected continu-
ously only during the two conditions (HR and GSR).
No baseline of the physiological data was measured.
These self-report questionnaires and physiological data
were needed to determine the influence of the changes
in the virtual environment, mainly that of the VR stres-
sors on the participants’ feelings and perceptions while
carrying out the tasks.

Before the first condition, the first set of question-
naires was given to the participant to complete (demo-
graphic, STAI, Subjective Stress, and SUDS). Then, the
participant went through a short demonstration and
practised how to operate the system (software and hard-
ware). Once the participant became familiar with the
equipment, an instruction sheet was provided that
described the scenario and task step by step.

To ensure equal treatment for all participants, the
experimenter followed a predesigned instruction sheet
during the experiment. It explained the tasks for the
experimenter in detail.

When the participant was ready for the first con-
dition, the devices for collecting the physiological data
were attached to the participant’s hand (the pulse
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transducer for HR and the GSR finger electrode). The
participants were informed to avoid any movement of
the hand (including fingers) to avoid having noise in
the data. They were given the time to choose a comfor-
table location for the hand before the start.

After finishing all essential preparation, the first con-
dition started. During this condition, the participant and
the experimenter performed their tasks as explained ear-
lier. The physiological data were collected during the
entire first condition of seven minutes. When the con-
dition was completed, a second set of questionnaires
was completed, which took approximately five minutes
(STAI, Subjective Stress, SUDS, NASA-TLX, and IPQ).

Next, the second condition of another seven minutes
started, which also contained a measurement of the
physiological data. This condition included the exposure
process that was explained earlier (the condition order
was randomly balanced). When the second condition
was completed, the collection of the physiological data
ended and the devices were disconnected. Then, a third
and last set of questions was completed by the partici-
pants (STAI, Subjective Stress, SUDS, NASA-TLX,
IPQ, and the additional measures for the VR stressors).

The final stage of the data collection process was the
semi-structured interviews. They were conducted at the
end of the experiment, which focused on open-ended
questions. Each interview took approximately 10 min-
utes. After finishing the interviews, the participants
were thanked and given gift vouchers.

6. Results

In this section, we report on the results from the self-
report questionnaires, task completion performance,
physiological measures, and semi-structured interviews.

6.1. Self-report questionnaires

Distribution tests were performed for the measurement
variables. Histogram outputs and a Shapiro–Wilk test
showed that all the tested variables were normally dis-
tributed except for the task completion performance.
Repeated measures ANOVA was used to test subjective
stress, STAI, and SUDS.

6.1.1. Subjective stress
For subjective stress, Mauchly’s test indicated that the
assumption of sphericity had been violated, χ2(2) =
32.18, p < .001; therefore, degrees of freedom were cor-
rected using Greenhouse–Geisser estimates of sphericity
(ε = .68). The results show that there was a significant
change in subjective stress perceived by participants
across the three times during the experiment, F(1.36,

72.52) = 81.60, p < .001, ω2 = 0.60. Post hoc pairwise
comparison with adjustment for multiple comparisons
using Bonferroni method was used and showed that sub-
jective stress was significantly higher in the exposure
condition than the other two conditions (non-exposure
and baseline). The participants were significantly more
stressed in the exposure condition (M = 6.28, SD =
1.91) compared to the non-exposure condition and base-
line, respectively (M = 3.31, SD = 1.57, means difference
= 2.96, p < .001); (M = 3.02, SD = 1.59, means difference
= 3.25, p < .001). The results suggested no significant
difference in the scores between the non-exposure con-
dition and baseline (means difference = 0.296, p = .209).
Figure 8 shows the difference in means of subjective
stress during the experiment.

6.1.2. State-trait anxiety – STAI
When examining the STAI variable, Mauchly’s test
showed that the assumption of sphericity had been vio-
lated, χ2(2) = 86.75, p < .001. Correction for degrees of
freedom was employed using Greenhouse–Geisser esti-
mates of sphericity (ε = .55). Like subjective stress, the
results indicated that there was a significant difference
in STAI scoring during the experiment, F(1.10, 58.51)
= 496.62, p < .001, ω2 = 0.90 (Figure 9). Further analysis
using post hoc pairwise comparison (with adjustment for
multiple comparisons using Bonferroni method)
reported that the STAI level was significantly higher in
the exposure condition compared to the non-exposure
and baseline conditions. Results showed that the partici-
pants were significantly more anxious when exposed to
the VR stressors (M = 56.31, SD = 8.42) than during
the non-exposure condition and baseline, respectively
(M = 30.28, SD = 5.91, means difference = 26.03, p
< .001; M = 29.69, SD = 6.06, means difference = 26.63,
p < .001). No significant difference was found between

Figure 8. Means for the reported subjective stress.
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the non-exposure condition and baseline (means differ-
ence = 0.59, p = .187).

6.1.3. Subjective of discomfort – SUDS
The results of SUDS showed that the sphericity’s
assumption had been violated, χ2(2) = 43.92, p < .001.
Again, degrees of freedom were corrected using Green-
house–Geisser estimates of sphericity (ε = .63). Similarly
to previous results, the results suggested that there was a
significant change in SUDS scores, F(1.27, 67.50) =
205.79, p < .001, ω2 = 0.79 (Figure 10). Based on the
post hoc pairwise comparison (with adjustment for mul-
tiple comparisons using Bonferroni method), SUDS
scores were significantly higher in the exposure con-
dition compared to the others. The SUDS level sig-
nificantly increased during the exposure of the VR
stressors (M = 6.91, SD = 1.62) compared to the
condition with no stressors and baseline, respectively
(M = 3.11, SD = 1.61, means difference = 3.79, p < .001;
M = 2.91, SD = 1.58, means difference = 4.00, p < .001).

Analysis revealed that there was no significant difference
between the condition with no stressors and baseline
(means difference = 0.20, p = 0.210).

6.1.4. Workload (NASA-TLX) and sense of presence
(IPQ)
Since the variables workload (NASA-TLX) and sense of
presence (IPQ) consist of two conditions (non-exposure
condition and exposure condition), two-tailed paired
samples t tests were used (Figure 11). Results revealed
that there was a significant difference in the scores for
NASA-TLX in the exposure condition (M = 6.10, SD =
1.26) and the one with no exposure (M = 4.41, SD =
1.53); (t(53) = 9.25, p < .001). There was also a significant
difference in IPQ, showing that the exposure condition
(M = 1.42, SD = 0.44) received significantly higher scores
compared to the non-exposure condition (M = 0.02, SD
= 1.02); (t(53) = 11.51, p < .001).

A Pearson correlation analysis revealed a moderate
positive correlation between NASA-TLX and IPQ, r =
0.43, n = 54, p = .001 (Figure 12). Participants who
reported higher workload indicated higher level of
sense of presence. NASA-TLX also showed a moderate
positive correlation with STAI, r = 0.32, n = 54, p = .01.
No other significant correlations were found between
NASA-TLX/IPQ and the other variables.

6.1.5. Additional measure for the VR stressors
The results showed that all participants were very aware
of all the VR stressors in the environment, reporting an
overall M of 8.38 out of 10. As expected when testing
how stressful each stressor was, the results showed that
the combination of all stressors together had the stron-
gest impact (M = 8.22), followed by the crying baby
(M = 7.43) and the toddler stressor (M = 6.65). The low-
est was the pet noise (M = 3.69).

The involvement level was different between the
active and the passive stressors. On the one hand, the
participants devoted a reasonably high level of involve-
ment with the active stressors (crying baby M = 8.76,
untidy/messy house M = 8.44, doorbell M = 7.52, tele-
phone M = 7.43, cell phone M = 7.02, toddler M = 7,
and the combination M = 6.96), whereas the passive
stressors received a low level of involvement (neigh-
bour’s noise M = 1.24, street noise M = 1.56, and pet
noise M = 2.20).

The level of realism of all the VR stressors was reason-
able and above midpoint (M = 6.11). The highest level
was for the toddler (M = 7.11), followed by the combi-
nation of stressors (M = 7.02), and then the crying
baby (M = 6.86).

Figure 9. Means for the reported STAI.

Figure 10. Means for the reported SUDS.
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6.2. Task completion performance

The task completion performance measured how suc-
cessful the participant was in completing the main task
(tidying up the house). This implies how many task
items were collected successfully. Results showed that
participants had lower task completion performance in
the exposure condition (M = 30.50, SD = 10.30) than in
the non-exposure one (M = 56.67, SD = 15.19), with
mean difference of 26.16.

6.3. Confounding variables

The results may be influenced by some characteristics of
the participant. Two relevant confounding variables were
examined during the data analysis: gender and whether
the participant has children.

The analysis showed no significant effect of gender on
any of the examined variables across all conditions.

Having children, on the other hand, had a significant
effect on some of the variables. The three variables
used to measure levels of stress (subjective stress, STAI,
and SUDS) had been influenced by whether or not the
participant was a parent. This significant impact only
occurred during the exposure condition. Two-tailed
independent samples t tests showed that non-parent par-
ticipants reported significantly higher scores for subjec-
tive stress, STAI, and SUDS, during the exposure
condition compared to parent participants (Table 1
shows the results).

No significant effect was detected of parenting on the
baseline or the non-exposure condition of these three
variables. For NASA-TLX and IPQ, having children
did not show any significant effect on scores in both con-
ditions too.

6.4. Physiological data results

First, the gathered data were checked for noise that
resulted from hand movement. Twenty-one participants
were excluded due to noise in the data. The analyses of
the physiological data were based on the data from the
remaining 33 participants (21 females, 12 males). The
age of the participants ranged from 18 to 50 years (M
= 29.18, SD = 9.59).

Normality tests were then conducted on the variables
for the two conditions. Results from the Shapiro–Wilk

Figure 11. Means for workload as measured by the NASA-TLX (figure left) and the reported sense of presence IPQ (figure right).

Figure 12. Scatter plot of correlation between workload (NASA-
TLX) and sense of presence (IPQ).

Table 1. t test results for the influence of parenting.

Variable Groups M SD t(52) P
Subjective stress Non-parents 7.06 1.57 4.58 <.001

Parents 4.95 1.73
STAI Non-parents 59.41 7.72 3.98 <.001

Parents 51.05 6.91
SUDS Non-parents 7.50 1.33 3.93 <.001

Parents 5.90 1.61
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test suggest that both GSR and HR data were normally
distributed.

Outcomes showed that there were statistically signifi-
cant differences of GSR and HR scores when comparing
between the exposure condition and the non-exposure
condition (Figure 13). A two-tailed paired samples t
test indicated that the GSR level was significantly higher
in the exposure condition (M = 8.65, SD = 4.29) than in
the non-exposure condition (M = 5.40, SD = 2.81); t
(32) = 6.97, p < .001. An average mean difference of
3.25 μSiemens was recorded between the two conditions.
Furthermore, a two-tailed paired samples t test showed
that HR in the exposure condition (M = 79.39, SD =
12.78) increased compared to that in the non-exposure
condition (M = 74.75, SD = 11.60). The increase was stat-
istically significant t(32) = 6.71, p < .001. A 4.64 beats per
minute was the average mean difference between the two
conditions. No significant differences were found in the
variances between the exposure and non-exposure con-
ditions in both GSR and HR.

6.5. Semi-structured interview results

Four participants declined the interview, leaving 50 par-
ticipants in the analysis. All interviews were audio
recorded and transcribed. The transcripts were analysed
using a GIA (Elo and Kyngäs 2008). This approach was
conducted following the recommendations of Thomas
(2006). The purpose was to identify emerging themes
in the data. Text segments or sentences with similar
meaning were gathered in several groups to create the-
matic categories. All categories were then organised
into a hierarchal relationship based on the similarity in
the meaning and topic, which allowed three major
themes to emerge. Two coders assessed the coding con-
sistency (inter-rater reliability) and member check
(credibility). The inter-rater reliability was 93% (raw

agreement), and disagreements were discussed and
resolved. Additionally, the member check resulted in
points of view and minor modifications were discussed
until agreement was reached and the interpretations of
the findings were confirmed. As a result, 30 sub-cat-
egories were identified. The following sections show
the main themes with summaries of sub-categories
with quotes (the sub-categories were summarised given
the length condition of this paper, without affecting the
quality of the results).

6.5.1. Theme 1: perceived stress in the virtual
environment

Participants provided statements that indicated their
feeling of stress during the experiment. The findings
showed a difference between the two conditions in
terms of evoking stress. Three sub-themes emerged
from this first theme:

(1) The majority of the participants (96%, n = 48) indi-
cated that they were more stressed/anxious in the
exposure condition compared to the non-exposure
one:

the second session [the exposure condition] definitely
was more stressful. (P1)

(2) Having determined that the exposure condition was
perceived as more stressful, the participants were
asked why they felt more stressed or anxious during
this condition. They highlighted the following
reasons as factors that created this level of stress in
the virtual environment: too many things/tasks to
do (28%, n = 14), too many things/tasks to do at
once (28%, n = 14), looking after the children
(42%, n = 21), mental demand (16%, n = 8), high
levels of noise (10%, n = 5), unexpected events

Figure 13. Means of physiological measures GSR (figure left) and HR (figure right).
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(10%, n = 5), and too many interruptions and dis-
tractions (6%, n = 3):

‘ … because there are lots of things with high priority
that got in the way of the original task’ (P21)… . ‘ …
because lots of things happened at once and you don’t
have time to do them all’ (P5))… . ‘ …when I saw the
kid trying to eat the medicine I said oh my god my
child is going to eat that medicine, I stressed even
though it wasn’t real’ (P10)… . ‘ … because there was
too many demand and they are potentially urgent like
the dangerous knife with the child and the baby crying,
the sort of things you have to attend to and cannot wait’
(P46)… . ‘ … cannot deal with screaming babies’ (P28)
… .‘ … because all the unexpected situations’ (P3)… . ‘
… because you want to achieve the task and you have
distractions especially toward the end’ (P13)

(3) Differences and commonalities in parents and non-
parents: some parents (25%, n = 13) were more fam-
iliar and close to the scenario. This was a result of the
parenting scenario/tasks during the exposure con-
dition, which are related to their real life:

… for me I felt I was familiar with all the situations in
the second session [the exposure condition] because
they happen often in my life as a mother. (P37, a
mother)

Most of both parents and non-parents (90%, n = 45) paid
more consideration towards the children compared to
other stressors during the exposure:

… I was much more concerned about the toddler/baby
than in accomplishing the tasks, they were my main
focus… I think in the back of my mind I was always
worried where is the toddler was and what is getting
into. (P37, a mother)

Some of the parents and some non-parents showed a
common technique when dealing with the stressors
(20%, n = 10). The technique reported was prioritising
based on the importance of the task. From the findings,
the children task was regarded as the most important
task in almost all cases (92%, n = 46). This technique
was described as a common approach that participants
usually follow when facing a similar scenario in real
life:

… you had to try to juggle many different things and I
tried to prioritise with that as well… I had to decide
which one was more important like the baby and the
toddler. (P11, non-parent)

6.5.2. Theme 2: perceived sense of presence

When the participants were asked about their feelings of
presence in the virtual environment, they reported differ-
ent perceptions during the experiment. Findings about

sense of presence were revealed in three main sub-
themes: realism, spatial presence, and involvement:

(1) Most of the participants (84%, n = 42) reported that
the virtual environment was more real in the
exposure condition compared to the non-exposure
one. Only few participants (12%, n = 6) felt that
the non-exposure condition was more realistic due
to the scenario in the environment, which was not
similar to their real life:

I think the second session [the exposure one] was more
realistic to me. (P1)

(2) The feeling of being physically present in the virtual
environment varied during the experiment. The
majority of the participants (86%, n = 43) stated
that they felt greater spatial presence in the virtual
environment during the exposure condition com-
pared to the non-exposure one:

for me the one with the kids [the exposure condition] I
felt more present. (P37)

(3) The participants described more involvement as
another characteristic of the exposure condition.
They found the environment more involving and
engaging because of the higher level of interaction
resulting from the stressors:

… also the interaction with everything happened, it was
more interactive, you get more heavily involve. (P15)

6.5.3. Theme 3: similarity and sensibility
between the virtual environment and real life

There was a clear connection between real-life experi-
ences/scenarios and how participants perceived the vir-
tual environment. Some participants (40%, n = 20)
reported that they related more to the virtual environ-
ment during the exposure condition as it reflected a simi-
lar and sensible representation of the real life:

… this like in my real life, like when I have to tidy up I
usually have to respond to extra stuff happening. (P15)

7. Discussion

The findings from this research obtained from healthy
participants confirmed that virtual representations of
typical everyday domestic stressors in a non-immersive
VR environment can induce significant psychological
and physiological reactions to stress. The examined
stressors in this research were a type of mild stimuli
that typically arise for parents in a house environment
after having a newborn child. Unlike major stressors or
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significant life changes, these stressors tend to occur very
often (Crnic and Greenberg 1990). In real life, such an
individual event may not have strong effects on stress;
however, it is the cumulative impact of a number of
them over a period that makes them stressors (Crnic
and Greenberg 1990). In the current VR environment/
scenario, participants felt significantly more stressed
and anxious when confronted by these common stressors
in the exposure condition compared to the non-exposure
one. This was clearly indicated by the self-report
measures (STAI, SUDS, and subjective stress). Similarly,
changes were detected in participants’ physiological
responses during the experiment. Levels of HR and
GSR showed a statistically significant increase in the
exposure condition compared to the non-exposure one.
This is supported by Meehan et al. (2003) reporting
that HR and GSR tend to increase when exposed to
stressful VR environments/situations. Furthermore,
during the semi-structured interviews, almost all partici-
pants (96%) confirmed this finding by clearly stating that
they felt greater stress in the exposure condition resulting
from the triggered stressors.

Stressors used in the experiment were analysed in
order to better understand and explore their levels of
influence on the participants. In the self-report question-
naire, participants subjectively indicated their percep-
tions of each stressor in terms of awareness,
involvement, realism, and how stressful it was. The pre-
vious results section showed that all participants were
very aware of all stressors in the environment, even if it
was just presented on a desktop monitor screen,
especially when the stimuli occurred together. The invol-
vement level was high with all the active stressors (e.g. the
crying baby, looking after the toddler, and the phones), as
well as with the combination of the stressors and per-
forming the main task (tidying up the house). However,
there was low involvement with the passive stressors
(e.g. neighbours’ loud argument, noisy street sirens, and
noisy dogs barking). This result was expected, as the
active stressors required responses, while the passive
ones did not. Low involvement did not necessarily reflect
on low induced stress as shown in the results. All the
stressors contributed to the increase in stress. Looking
after the two children appeared to evoke more stress
than the others when dealing with the stressors individu-
ally. The findings in the interviews support this quantitat-
ive result. About 42% of the participants stated that they
perceived the task of looking after the two children as
stressful. This can be explained by the apparent attention
and consideration that were given to the children in the
virtual environment. It seemed that the virtual children
avatars were very effective in targeting participants’
emotions similar to real-life situations, even if they

were not highly photo-realistic. In particular, most of
the parents linked this attachment to caring for their
own children. During the exposure, a significant number
of participants showed strong emotional attachment to
the two children.

In addition, when responding to the multiple stressors
at the same time, participants adopted a technique/sol-
ution from real-life experience, which also gave more
focus to the children. The majority of parents and some
non-parents followed a prioritising technique, dealing
and responding to the most important and urgent
event/stressor first. The children task was regarded as
the most important task in almost all cases. This tech-
nique was described as a common approach that partici-
pants usually follow when facing a similar scenario in real
life.

Nevertheless, it was the combination of stressors that
had the strongest effect compared to any other individual
stressor. This corresponds with real-life situations as it is
shown that a combination of stressors would be likely to
lead to greater impact compared to facing a single stres-
sor (Bartenwerfer, 1960, 1963, 1969; Myrtek and Spital
1986). The factor ‘Too many things/tasks to do at once’
is also known to be stressful in real life (Kohn, Lafreniere,
and Gurevich 1990; Kohn and Macdonald 1992). Partici-
pants strongly supported and confirmed this quantitative
result during the interviews. In most feedback, partici-
pants indicated that responding to multiple situations
at once was a difficult and stressful/anxious task during
the exposure condition.

During the semi-structured interviews, more details
were uncovered regarding the stressors. Participants sta-
ted in detail factors that made them feel more stressed
and anxious in the environment, all of which were also
reported to be everyday stressors in real-life situations.
Also, these resulting factors did match some of those
identified earlier during the three-stage process in the
research, which focused on gathering and evaluating
the implemented everyday stressors in the VR environ-
ment. The factors from the semi-structured interviews
included the following:

. Too many things/tasks to do (Kanner et al. 1981;
Holahan, Holahan, and Belk 1984; Bolger et al. 1989;
Chamberlain and Zika 1990).

. Mental demand (Bolger et al. 1989).

. High levels of noise (Kanner et al. 1981; Holahan,
Holahan, and Belk 1984; Kohn and Macdonald 1992).

. Unexpected events (Kanner et al. 1981).

. Too many interruptions and distractions (Kanner
et al. 1981; Chamberlain and Zika 1990; Crnic and
Greenberg 1990).
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The quantitative results revealed that gender of par-
ticipants had no impact on their levels of stress during
the whole experiment. Interestingly, the difference in
whether or not the participant has children (parenting)
was shown to have a significant effect on levels of stress.
Only during the exposure condition did non-parents feel
significantly more stressed and anxious compared to
parents. This result suggests that to some extent non-
parents and parents perceived the stressors in the VR
environment differently. The findings from the inter-
views seem to provide some explanations for why this
significant difference occurred. Focusing on the parent-
ing scenario/tasks during the exposure condition, the
majority of parents stated that they were very familiar
with such an environment and scenario. As they are
parents, they relate to similar circumstances in their
real lives. In contrast, some non-parents indicated that
they were not familiar with the parenting scenario and
the tasks as they differ from what they interact and deal
with in their real lives.

According to Schuemie et al. (2000), it is very impor-
tant that the details in the VR environment match reality.
It seems that participants’ emotions and feelings in VR
may differ from one to another based on their real-life
experience. In the current finding, the familiarity with
the scenario as well as the prior experience of dealing
with similar real-life situations may have given parents
a degree of resilience capability towards such an environ-
ment. Consequently, they felt significantly less stressed
and anxious than non-parents who lack the familiarity
and the prior experience in such situations. Some
researchers have argued that repeated stress exposure
can desensitise people to stimuli that may possibly create
negative psychological reactions (Wiederhold, Bullinger,
and Wiederhold 2006).

The level of the sense of presence was found to be sig-
nificantly higher during the stressful condition compared
to the natural one (non-exposure). As discussed during
the review of the related work, it has been shown that
sense of presence and emotions are likely to associate
with each other in virtual environments (Bouchard
et al. 2008; Pallavicini et al. 2013), in particular for
immersive environments. Higher levels of emotions,
such as stress, anxiety, or fear, can lead to a higher level
of sense of presence. This connection was investigated
in different scenarios such as fear of heights (Regen-
brecht, Schubert, and Friedmann 1998; Schuemie et al.
2000; Michaud et al. 2004) and fear of snakes (Bouchard
et al. 2008). Other studies demonstrated that a low level
of sense of presence can reduce emotional reactions
such as anxiety in VR environments (Pallavicini et al.
2013). In the current research, even though presence
was significantly higher in the stressful/anxious

environment, surprisingly, no significant correlations
were found between presence and stress (i.e. subjective
stress, STAI, and SUDS). Only a moderate positive corre-
lation occurred between presence and perceived work-
load (NASA-TLX, a tool that measures task demands,
i.e. mental demand, physical demand, and temporal
demand) and the individual’s reactions (i.e. performance,
effort, and frustration) (Hart 2006). This means that par-
ticipants who expressed the tasks as higher workload
tended to feel a higher level of sense of presence in the
environment, bearing in mind that perceived workload
was significantly higher in the exposure condition as a
result of the triggered stressors

From the interview results, participants explained that
the significant increase in levels of presence in the
exposure condition resulted from the higher levels of rea-
lism, spatial presence, and involvement, which are the
main components of the sense of presence (Schubert,
Friedmann, and Regenbrecht 2001). In fact, the increase
in these three factors resulted from the triggered stres-
sors. Participants clarified that the stressors created sev-
eral elements in the environment, which in return
boosted these three components. They included sound/
audio, more interactivity, focus and attention, and simi-
larity and sensibility to reality.

While we found that this non-immersive system eli-
cited actual stress responses, it would be worthwhile to
investigate whether a fully immersive system, for
example, with a HMD), would lead to even higher
responses. The bespoken literature would suggest such
an assumption.

8. Conclusions and future work

It is well established that especially immersive VR
environments and stimuli related to significant life
changes or scenarios can create emotional reactions
such as stress, anxiety, or fear. However, no research
has investigated whether non-immersive VR stimuli of
common, mild stressors can produce similar outcomes.
The main finding of the current research filled this gap
by showing that desktop-monitor VR representations of
common stimuli can in fact induce significant psycho-
logical reactions to stress. A mixed methodology
approach was used in this research: quantitative (subjec-
tive self-reported measures), qualitative (semi-structured
interviews), and physiological measures (HR and GSR).
However, the quality of the physiological data is probably
not valid enough to draw any serious conclusions mainly
for three reasons: (1) there is too much noise in the data,
mostly attributable to participants’ hand movements and
(2) we only considered averaged measures per session,
which is a too coarse granularity. Proper marked time-

930 M. ALGHAMDI ET AL.



series analyses would be required here. (3) Apart from
measuring GSR and HR in the non-exposure condition,
there was no actual baseline measurement. This should
be added in future studies.

The sense of presence increased significantly during
the stressful and anxious environment compared to the
natural one. Higher levels of realism, spatial presence,
and involvement were the driving factors for the overall
increase in presence, which resulted from the triggered
stressors. Hence, the stimuli presented leveraged the
sense of presence, thus making the environment more a
VR, again with a non-immersive VR system.

This research also showed that people’s emotions and
behaviours in VR environments might be influenced by
their real-life experience. For example, in the current
stressful environment, having prior experience and fam-
iliarity with a parenting environment appeared to make
parents significantly less stressed and anxious compared
to non-parents who lack such experience. Moreover,
many participants showed a clear emotional attachment
towards the two virtual children in the environment.
They connected this strong reaction to their real-life situ-
ations where they usually prioritise and put children first.

Based on the overall findings of this research, results
could possibly be generalised to other similar scenarios
with different environments and/or to other types of
everyday stressors using similar VR implementations.

In addition, future research should examine if the
increase in stress is similar to the one produced by a
real-life situations with similar characteristics.

The current VR implementation might offer future
benefits in the area of stress desensitisation or enhancing
people’s resilience for such stressful environments in rea-
lity. We are currently working on this notion and conti-
nuing the research to expand its applications and
psychological benefits.

In summary, we would like to emphasise that (1) mild
stress stimuli can lead to actually perceived psychological
responses, and (2) even non-immersive VR can be used
to achieve this.
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Appendix

Table A1. The implemented VR stressors and the main task.

The driving stressors identified
from the requirement analysis

The implemented VR stressors in the
system How it works in the VR environment

Active stressors: Participants can respond to them when they occur
A Baby crying

New family member
The need to keep a constant eye on where
the kids are and what they are doing
Experiencing high levels of noise
Too many interruptions
Too many things to do
Too many things to do at once
Too many responsibilities

Looking after a newborn baby
(loud crying baby)

A model of newborn baby can be triggered to cry loudly in the
environment. The baby is located in a baby crib in the child’s room.
The crying sound is a 3D sound that can be affected by distance and
rotation. The participant (parent in the VR environment) can respond
and interact with the baby by holding it in an animated sequence

B The need to keep a constant eye on where
the kids are and what they are doing
Too many interruptions
Too many things to do
Too many things to do at once
Too many responsibilities

Looking after a toddler (two-year-old
toddler being in dangerous
situations)

The toddler stressor can be triggered to be in three different dangerous
situations: trying to reach a knife on the kitchen ground, climbing
and standing on a baby-feeding high chair, and trying to reach an
open medication bottle. Participants were exposed to all three
situations at different stages during the session (beginning, middle,
or end of the session). The participant can respond and interact with
the three situations: taking the knife and placing it in a knife block on
the kitchen table, taking the child down from the high chair, and
taking and closing the medication bottle and then putting it on a
high, safe shelf out of reach of the toddler. The toddler was fully
rigged and animated with facial expressions. The animation was a
natural movement of the body parts in the same location. A 3D voice
was also attached to the toddler to simulate a child talking. These
features were implemented in an attempt to increase the sense of
presence

C Too many interruptions
Experiencing high levels of noise
Too many things to do
Too many things to do at once

Telephone (loud telephone ringing) A very loud telephone ringing with a 3D tone located in the living
room. The experimenter can trigger the phone and choose one of
three possible recorded calls (i.e. family call, friend call, and
telemarketer call). The same call was used with all participants in this
experiment (family call). The phone calls were designed in a simple
way as continuous talking. The scenarios of the calls developed to get
the attention of the participant by expressing certain styles such as
anger, excitement, or annoyance. The participant can respond to the
phone ringing by answering the phone, which shows an animated
sequence for the phone moving towards the participant’s left ear,
then the recorded call starts

D Too many interruptions
Experiencing high levels of noise
Too many things to do
Too many things to do at once

Cell phone (loud cell phone ringing) The tone of the cell phone is very loud and in 3D. The cell phone is
located in the main bedroom and follows similar features/process of
the telephone. Only the recorded calls are different (IT support call,
insurance call, and bank customer’s service call). The same insurance
call was used with all participants in the experiment

E Too many interruptions
Experiencing high levels of noise
Too many things to do
Too many things to do at once

Doorbell (loud doorbell) A loud doorbell that can be triggered for any period needed.
Participants respond by opening the door in which they find a post
box left at the doorstep. They then take it and place it on the kitchen
table

F Unsatisfactory housing conditions
Housework
Overloaded with family responsibilities
Continually cleaning up messes of toys or
food
Too many things to do
Too many things to do at once
Too many responsibilities

Very messy house
Main task: Tidying the messy house

This was considered as a stressor because very messy/untidy places can
stress some people.

Also, it was used as a main task in the VR environment. The action
taken towards this situation was tidying up by picking up the task
items and then placing them in the appropriate places

Passive stressors: Do not require a response from participants
G Troublesome neighbours

Too many interruptions
Experiencing high levels of noise

Neighbours’ noise (loud argument
and loud party)

A neighbour couple arguing and fighting with each other loudly. Also,
gathering at a neighbour’s house, partying loudly

H Experiencing high levels of noise Street noise (loud siren) A fire fighter’s car with loud siren noise passing in front the house
I Experiencing high levels of noise.

Too many interruptions
Pet noise (loud dogs barking and
cats meowing)

A group of dogs barking and fighting each other loudly just behind the
participant’s house fence, and cats meowing loudly inside the house

J All 13 identified stressors A combination of all the
implemented stressors

All stressors are triggered at once to create more demand and greater
level of stress
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