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Visual Respiratory Feedback in Virtual Reality Exposure Therapy:
A Pilot Study
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Cork, Ireland

ABSTRACT

As the use of Virtual Reality (VR) expands across fields, new kinds
of interaction methods are introduced. This study presents the Vi-
sual Heights VR experience that integrates natural breathing as
an input method to provide visual respiratory feedback. Incorpo-
rating spatial audio, haptic feedback and breath visualisation, the
experience aims to be highly immersive. This experience was made
to be used as part of a controlled pilot study to see the effect of
respiratory feedback on the user’s anxiety levels. The user’s anxiety
is assessed by their heart rate, brain electrical activity, skin conduc-
tance and respiratory rate. These biosignals are recorded within the
experience; captured by external hardware. The pieces of hardware
used were Galvanic Skin Response to measure skin conductance,
photoplethysmogram to measure heart rate; Electroencephalogram
to measure the electrical activity in the brain, and a prototype de-
vice that records airflow on an axis from -1 to 1 for respiratory
rate. It was found that the aforementioned prototype was not suffi-
cient for calculating the respiratory rate. Results of the controlled
study showed that the Visual Heights VR experience delivered the
expected positive correlation between skin conductance and per-
ceived height (r=.491, p<.05, N=1543) which suggests it is plausible
to be used as a material for further research. As the integration
of user’s physiological signals and breathing for visual feedback
can contribute to therapeutic uses of VR, research with bigger sam-
ple sizes will be conducted to better investigate the relationship
between visual respiratory feedback and anxiety using the Visual
Heights VR experience.
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« Human-centered computing — Human computer interac-
tion (HCI); Interaction design; Interaction techniques; Vir-
tual reality.
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1 INTRODUCTION

A phobia is an anxiety disorder characterised by the illogical fear of
an object or a situation that interferes with the person’s daily life
[5]. One of the leading treatment methods for it is called graded ex-
posure therapy or systematic desensitisation [4]. Graded exposure
therapy works by coupling gradual exposure to the fear-inducing
object or situation and relaxation techniques to reduce the associa-
tion between fear and the feared stimulus [14].

Virtual Reality Exposure Therapy (VRET) administers exposure
therapy via a virtual simulation using a 3-dimensional display de-
vice called a head-mounted display (HMD). Since the first successful
case study conducted by Rothbaum in 1995 [24], VRET has been
becoming more and more popular [23, 31]. In a virtual environment,
it is really easy to control the environment and the exposure and
adjust it along the way based on the patient’s needs. This can be
used to tailor the experience to suit the patient’s needs to increase
effectiveness.

This study is a pilot study to inform a larger study on the usabil-
ity of the materials. The main study sets out to integrate natural
breathing into a Virtual Reality Environment (VRE) by providing
visual feedback on respiration. It is an environment to be used as
part of VRET, so it aims to be highly immersive and deliver the
natural reaction to height. The experiment investigates whether
the environment delivers this reaction.

The experience sets out to be highly immersive with the integra-
tion of natural elements into the virtual environment. Most of the
experience takes place inside an elevator, and the user is virtually
taken to different heights. The immersion is increased by the use of
ambisonic spatial audio, haptic feedback using a vibrotactile plate
to imitate the vibration of an elevator, and visual feedback on height
and respiration.

The study involves the development of such an experience that
would provide feedback on the user’s breath reliably and record
relevant physiological information from the user that would be
useful in measuring anxiety. The physiological data is multimodal
and includes heart rate, skin conductance, electrical brain activity
and respiratory rate. These were collected using Bluetooth on-body
sensors without limiting the user’s mobility.

2 RELATED WORK

The current study extends upon two prior studies; the first con-
ducted by Rachel Barry in 2017 [25] and the second by Sean Kearney
in 2018 [11]. Kearney’s project is based on Barry’s project, it builds
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an immersive experience where the environment is controlled to im-
itate symptoms of a panic attack and logs physiological information
from the user.

The experiment will also be used as an opportunity to see if the
respiratory rate recorded by the breath controller prototype would
be a reliable measure of anxiety by seeing the correlation between
respiratory rate and skin conductance. This would be particularly
useful in future experiences if such a device can be used for both
assessing anxiety and as a controller.

2.1 Virtual Reality Exposure Therapy

There have been many studies assessing the effectiveness of VRET
in treating different types of anxiety disorders [17, 18, 29]. While the
effectiveness of each system varies, the meta-analysis conducted by
Opris et al. in 2012 [18] over 23 studies with a total of 608 subjects,
found that participants who received VRET showed a lot more
improvement compared to a wait-list control group and similar
results to the group who received traditional exposure therapy. The
improvement was also long-lasting and increased the quality of life
for the participants. This evidence strongly points towards VRET
being a viable treatment for anxiety disorders.

In a study by Schuemie et al. [26], it was discovered that the
VR experience was successful in delivering the effect of a stressor.
Additionally, virtual height correlated with elevated levels of anxi-
ety in users with or without acrophobia. This is presumably due to
heights innately being assessed as dangerous by humans, however,
acrophobia would be defined as an irrational fear of heights beyond
the average person’s fear [4].

2.2 Respiratory Feedback for Relaxation and
Breath Integration in Virtual Reality

Breathing exercises have long been used in combination with ex-
posure therapy to induce relaxation. Breathing exercises can be
used for stress-relief, pain-relief and meditation [8]. One breathing
technique used in exposure therapy is progressive muscle relax-
ation, which includes manipulation of the person’s respiration to
encourage relaxation [2].

In a study by Philippot et al. in 2002 [20], it was shown that
it is possible to manipulate a person’s emotions using breathing
patterns and feedback by presenting them with breathing instruc-
tions. A study by Zeier in 1984 [32] which focused on biofeedback
for respiratory meditation such as music and relaxing sentences
achieved greater arousal reduction when compared to the control
group that received no feedback.

There have been many games and experiences that incorporate
bio-feedback mechanisms in a way to enhance health and provide
therapy [1, 7, 15]. Implementation of respiratory feedback as part of
games led to applications such as “Chill-Out” [19] or “BreatheVR”
[16]. In both of these applications, the goal to lower arousal levels
during stressful stimuli was achieved. BreatheVR was used as part
of a treatment for chronic pain and generalised anxiety disorder.
Chillfish by Sonne and Jensen [27] offers breathing exercises to
help children with ADHD control their stress levels.

BreathingVR [12] by Breathing Labs uses a respiratory belt to
provide a breathing exercise for two and a half minutes that visu-
alises their lungs as they breathe in and out while Deep by Harris
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and Smit [9] offers a meditative VR experience with the presence
of respiratory feedback.

3 EXPERIENCE DESIGN AND
IMPLEMENTATION

The Experience includes two scenes which we will call elevator
scene and nature scene. Nature scene is the initial scene and it
allows for the user to get used to the environment and receive
instructions. It also serves as a safe space for the user to fall back
to in the case that they feel too stressed. It includes an open field
with trees, grass and flowers and flowers move based on the user’s
breathing (figure 1). The user can return to this scene by clicking a
button or automatically if the signal readings match certain criteria.

- o ™ -
Hello and welcome-to thé

Visual HeighiS\IR EXperience.
Press the trigg®

Figure 1: Respiratory Feedback in the form of EBC in Nature
Scene

The elevator scene is the scene with the stressing stimulus; visual
height. The user is virtually inside a glass elevator outside of a
large building in a big city (figure 2). The elevator includes a big
elevator button with an indicator light over it. The user can click
the elevator button when they are ready to ascend to the next level
and experience higher exposure levels. The highest virtual height
that the elevator can reach is 66 meters and it takes 6 levels for the
user to get there. The user has to spend at least 45 seconds on each
level before they can proceed to the next one. When the user has
spent at least 45 seconds, there is an auditory cue that is similar
to an elevator "ding" sound, as well as a visual cue of the indicator
light above turning green from red.

3.1 Audio and Haptics

Sound is spatial and recorded in four channels (first-order ambison-
ics). Elevator sound was recorded in a glass elevator of roughly the
same size and speed. The haptic feedback in elevator movement is
provided by applying a low-pass filter on the elevator sound and
playing through a vibrotactile plate located under the play area of
the HMD. The haptic feedback and audio are synced.
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3.2 Respiratory Feedback

The main choice of visual feedback for respiration in this experi-
ence is Exhaled Breath Condensate (EBC), which refers to vapour
arising from the mouth when a person exhales during cold weather
(figures 1 and 2). This form of feedback was chosen to avoid distract-
ing the user and increase immersion in the experience. In nature
scene, there is additional feedback provided in the form of grass
and flowers swaying with the user’s exhalation. The breathing is
recorded using a prototype that has airflow sensors attached to a
headset.

Figure 2: Respiratory Feedback in the Form of EBC in Eleva-
tor Scene

3.3 Recording of Physiological Signals

Similar to Kearney’s study [11], physiological information was
collected during the experience and timestamped. The recorded
signals are low alpha, high alpha, low beta, high beta, delta, theta,
low gamma, high gamma brain wave bands; and beta to alpha ratio,
skin conductance, skin resistance, heart rate, respiratory rate and
respiratory variance. The reason we chose to examine electrical
brain activity is prior research linking high beta and low alpha rates
to negative mood and stress [3]. Similarly, higher heart rate and
skin conductivity have been associated with increased arousal [22].

Several devices were used to retrieve the aforementioned infor-
mation. The first of them is the commercial Shimmer device that
uses Galvanic Skin Response (GSR) and a photoplethysmogram
(PPG) to measure skin conductance and heart rate, respectively.
The reason that a PPG device was used to measure heart rate over
an electrocardiogram (ECG) is that it allows higher mobility during
the experience. The second is MyndPlay BrainBand to measure elec-
troencephalogram (EEG) to record electrical activity in the brain.
This device included a single dry node. And the last is a prototype
device that measures airflow to determine the respiratory rate [13].
Please refer to Fig. 3 to see how the equipment was laid out. The
signals obtained from Shimmer were processed using the Shimmer
API, and the signals obtained from the BrainBand were processed
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using NeuroSky ThinkGear software. Contextual information was
also recorded alongside the physiological signals. This information
included the virtual height of the player, time spent looking down-
wards (obtained from the HMD) and experience events such as next
level being unlocked, button being clicked and changing back to
nature scene (triggered automatically or manually).

Airflow Sensor Prototype

Myndplay Brainband

Shimmer GSR & PPG
HTC Vive

Figure 3: Devices used; Airflow Sensor Prototype, Shimmer,
Myndplay Brainband and HTC Vive

4 RESEARCH METHODS AND RESULTS
4.1 Design

In the experience, nature scene is used to get the users accustomed
to VR. The effect of virtual height on arousal is measured by ex-
amining the relationship between the two variables with Pearson
correlation. Only the information measured while inside the virtual
elevator is recorded to minimise the effect of extraneous variables.
The anxiety is predicted based on skin conductance and heart rate
due to former research linking high heart rate and skin conductance
with high arousal [30]. High arousal, in this case, is interpreted as a
result of anxiety because that is the natural response of humans to
increased height [4, 26]. However, it is important to note that other
causes are possible. Independent Variable (IV) is virtual height and
dependent variables (DV) are the skin conductance and heart rate
of the user. Extraneous variables are age, exposure to VR, suffering
from motion sickness, visual height intolerance (vHI) and presence
within VR.

This experiment received ethical approval from the University
College Cork Computer Science ethics committee with the code
CSIT Ethics 2019-001.

4.2 Materials

Visual height intolerance scale (VHISS) was developed by Huppert
et al. [10]. It includes two extra questions at the end to determine
whether the user suffers from acrophobia. This scale was preferred
to other well-established scales such as Acrophobia Questionnaire
(AQ) [6] or Heights Interpretation Questionnaire (HIQ) [28] due
to being concise and its compatibility with the nature of the study
by directly measuring reaction to visual heights in particular. The
presence within VR is assessed by Igroup Presence Questionnaire
(IPQ) [21]. There were also 5-point Likert type scale questions for
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feedback based on elements which are unique to the experiment
(table 1).

The system was tested using the HTC Vive HMD and a com-
puter with a GeForce GTX Titan X graphics card and Intel i7-5820k
processor. HTC Vive earphones were used for the audio and haptic
feedback was delivered via Clark Synthesis TST329 Gold Trans-
ducer placed below the play area, under the floor tiles.

4.3 Participants

Eleven participants were drawn from University College Cork stu-
dents. This was done on a voluntary basis and announced on cam-
pus. The mean age was 23.9 (N=10, SD=5.28), 4 out of 11 participants
were female. Two participants had never been exposed to VR prior
to the experiment, six were only exposed once or twice and three
were exposed multiple times. Four participants stated that they
experience mild motion sickness while the rest stated that they
do not experience motion sickness. Two participants matched the
criteria for acrophobia based on VHISS. Seven participants did not
experience significant visual height intolerance.

4.4 Procedure

Participants were allowed into the VR lab. They first received an
information sheet that explained all parts of the experiment and the
motives of the study. They were then asked to sign a consent form
if they agree to participate. After signing the consent form, they
received the first questionnaire, which includes questions about
demographics and vHISS. The on-body sensors were placed on the
participant by the experimenter before they take part in the VR
experience. Utmost care was taken that there were no distractions in
the environment during the experience. The experimenter did not
provide any additional instructions to the participants apart from
the instructions within VR. After the participant was finished with
the experience, they received the second questionnaire including
questions about the experience and IPQ.

5 RESULTS AND DISCUSSION

Every participant was separately analysed for the correlation be-
tween their virtual height and skin conductance using Pearson
correlation. One participant was an extreme outlier. Upon inspec-
tion, it was found that the participant was a poor fit for the GSR
sensor due to their finger size. Their information was removed from
this analysis because the physiological information recorded from
them was unreliable.

There was a positive linear relationship between skin conduc-
tance and height across all values (r=.491, p<.05, N=1543) (figure 4).
This relationship was stronger when each participant was evaluated
separately (M=.78, N=10). This relationship was true both for par-
ticipants diagnosed with acrophobia (M=.83, N=2) and participants
who were not (M=.77, N=38).

The skin conductance and heart rate values across all participants
had a weak positive correlation (r=.29, p<.05, N=2391). There was
no correlation between the arousal level detected from EEG values
and either skin conductance (r=.01, p>.05, N=3559) or heart rate
(r=.03, p>0.5, N=2389).

See table 1 for the responses to the Likert-scale questions pre-
sented in the questionnaire administered after the experiment.
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Figure 4: Simple Scatter with Fit Line of Skin Conductance
by Virtual Height

Table 1: Summary of the Questionnaire Responses

Question N | Mean | SD

I found the equipment worn during the ex- | 11 | 2.82 | 1.08
periment cumbersome and uncomfortable.

I was aware at all times of the biometric | 11 2.73 1.10
devices.

I felt motion sickness due to the experi- | 11 | 1.45 .52
ence.

Visualisation of my breath made me feel | 4 3.25 .96
more present in the experience.

The haptic speakers made me feel more | 11 | 4.18 .75
present in the experience.

I experienced stress in the virtual world. | 11 | 245 | 1.44

I experienced discomfort in the virtual | 11 | 2.27 | 1.49
world.

Amount of equipment I was wearing re- | 11 | 2.82 | 1.08
duced my feeling of presence in the virtual
world.

The correlation between heart rate and skin conductance is in
the expected direction, and the reason it is not stronger is due to
different physiological reactions of different persons to stress and
heart rate calculation not being as reliable as skin conductance due
to the number of missing values, and incorrect spikes at times due
to noise caused by contact issues and movement. The decision not
to include heart rate in the correlation was based on the information
having too much noise for some participants and skin conductance
being an overall more reliable measure of high arousal [30]. The
reason there is no correlation between the EEG values and the other
two measures might be due to it being more susceptible to noise
due to the use of a single dry node. The node was also placed right
under the HMD, so it can be affected by the movement of the device
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and the electrical signals. Shimmer GSR was found to be the most
reliable method for assessing anxiety out of GSR, PPG and EEG.

The airflow prototype as a way of recording natural breathing
was not viable due to two reasons. First was that it was too bulky
for use with the HMD; it was moved when the user was trying to
move the HMD, which occasionally caused it to slip away from its
optimal position. The other reason was the fact that the airflow
sensors were quite large and might constrict the breathing of the
user when used in conjunction with the HMD. This was deemed
potentially distressing and uncomfortable. Even though the device
was deemed not optimal for recording respiratory rate, it might be
a viable option for conscious use as a controller when the user is
aware that their respiration needs to be recorded which will allow
them to move the device to get it in optimal placement for both the
recording and comfort of breathing.

The experience was shown to be sufficient to create the expected
effect of increased skin conductance as the visual height increases.
Based on questionnaire responses (table 1), haptic feedback was
very successful in increasing the sense of presence. The users have
expressed some discomfort and stress within the virtual world.
They indicated that the amount of on-body sensors worn had some
effect on decreasing immersion and causing discomfort. Users who
received visual respiratory feedback said it increased their presence
within the experience, but not as much as the haptic speakers. It
should be taken into account that these data are limited by being
self-report and being asked directly instead of measuring.

The study has several potential limitations. It was conducted
under time constraints that made it harder to reach a large and
random sample size. The sample may not represent the general
population accurately due to participants being students with high
technology literacy. Furthermore, detected higher arousal levels
were interpreted to be as a result of anxiety from the increased
level of heights based on prior research. However, there might be
different causes for the increased arousal.

As a pilot study, the study shows that the environment used for
the delivery of the stimulus is appropriate. However, it was found
that the airflow prototype in its current form was not the right
medium for recording respiratory rate or providing respiratory
feedback. It is necessary to find a way to use it in conjunction
with the HMD without obstructing the user. A respiratory belt or
Electrocardiogram (ECG) could be a replacement for the device
for further experimentation as they might provide better mobility
and accuracy. Additionally, a single dry node was used for EEG
for comfort, however, it might be beneficial to use a wet node to
reduce noise. Additionally, behavioural information such as head
movement recorded from HMD can be used in conjunction with the
physiological information to make the results more interpretable.
Continuation of this research will incorporate these changes and
compare arousal levels between users that receive visual respiratory
feedback and a control group.

6 CONCLUSION

VR applications are getting more and more common. Past research
has shown that the therapeutic use of VR is invaluable [17, 18]. The
authors are researching a system that incorporates natural respi-
ratory feedback into VRET to increase immersion and encourage
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relaxation. The current pilot study explores the usability of the
materials used by this system. The correlation between arousal and
virtual height shows that the developed VR experience is capable
of producing the wanted effect. However, the device that measures
breathing need to be replaced.

More research into emotion detection using physiological re-
sponses and the integration of extra senses can contribute to VR
therapy methods by providing objective feedback and increasing
immersion. It can also contribute to the entertainment value of
VR by increasing immersion and tailoring experiences to the users.
For example, it can be used in horror games to adjust the horror
elements based on the user and make sure they are engaged at all
times.
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