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ABSTRACT

Virtual reality has demonstrated successful outcomes for treating
social anxiety disorders, or helping to improve social skills. Some
studies showed that various factors can impact the level of partici-
pants’ anxiety during public speaking. However, the influence of
sound design on this anxiety has been less investigated, and it is nec-
essary to study the possible impacts that it can have. In this paper,
we propose a model relating sound design concepts to presence and
anxiety during virtual reality interactions, and present a protocol
of a future experimental study aimed at investigating how sound
design and in particular sound distractions can influence anxiety
during public speaking simulations in virtual environments.

CCS CONCEPTS

+ Human-centered computing — HCI design and evaluation
methods.
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1 INTRODUCTION

Social anxiety can be a debilitating problem for many people in
their everyday lives, in a society where social interactions are ex-
tremely frequent in a wide variety of contexts. In particular, public
speaking is a very common situation both in our personal - such
as giving a speech at a birthday - and professional lives - such as
giving a presentation to clients. For lots of people, this exercise
can be really stressful and may even constitute a consequence of
a social anxiety disorder [21]. In these cases, psychotherapy has
proven to be a viable option to reduce the stress of public speak-
ing tasks, and approaches such as Cognitive Behavioral Therapy
(CBT) are potential treatments with demonstrated efficacy [17]. In
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CBT, a particularly useful tool in the treatment of anxiety is the
exposure therapy (ET) (i.e. expose participants to stimuli to trigger
their anxiety), used for several types of phobias, including public
speaking anxiety [17]. With the technological developments that
have occurred in recent years in the field of virtual environments
and virtual reality, developing virtual reality systems for ET - VRET
systems - has become feasible [22]; commercial solutions have been
created and a large amount of research has been devoted to assess
their efficacy in comparison with traditional ET methods [18]. In
the case of public speaking, whether it’s for social anxiety exposure
therapy, or simply for training communication skills, virtual reality
has shown to be a valuable solution. Indeed, VRET to treat specific
phobias was shown to lead to similar results as in vivo exposure
therapy, with both solutions seeming to have a better efficiency than
traditional methods relying on imagining the anxiety-provoking
situations [13, 18]. Vanni et al. showed the efficiency of VRET in
the particular case of public speaking [26]. To better understand
how to mitigate public speaking anxiety with VRET, and to create
better adaptive virtual environments for therapy or for training,
there is a need to explore in more detail which parameters of such
VR simulations have an impact on inducing anxiety in order to fully
understand virtual reality’s potential for treating it [26].
Immersive experiences activate all of our senses, and while the
visual element predominates and has indeed received a lot of atten-
tion in the research community [3], the auditory element of a VR
experience should also be considered. Some studies in the literature
have investigated the influence of sound design on realism or on
the sense of presence felt in virtual reality [3, 11, 23]. However, the
impact of sound design on the anxiety triggered by a VR experience
has not received much attention, particularly in the case of public
speaking. We argue that sound design may have a large influence
on the quality of a VR experience, and that therefore the possible
impacts of sound design on VR tasks, including VRET, should be
considered, for instance, how do unexpected sound distractions
influence participants’ experience and reduction in social anxiety.
In this paper, we first introduce related works in the use of VR
for public speaking, and the influence of sound design on anxiety
and performance. We then propose a conceptual model linking
different concepts associated to the impact of sound design, and in
section 4 we describe the experimental study that we will conduct
to validate this model. Finally, we present future work in section 5.

2 STATE OF THE ART

Public speaking anxiety isn’t the only subject in which VRET is
used: we can see in the literature that VRET has been studied for
various phobias, such as acrophobia [8], agoraphobia [27], fear of
crime [24], or social phobias [22].
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2.1 Public Speaking in Virtual Reality

Early virtual reality public speaking simulations proposed to use
virtual audiences in order to alleviate public speaking fears. North et
al. showed the efficiency of using virtual audiences to reduce public
speaking anxiety [16], and these results were confirmed by Harris
et al. [5]. A study investigated the influence on anxiety of three
different types of virtual audiences: negative, neutral and positive
audiences. The authors showed that in three types of audiences
conditions, participants felt a significant amount of anxiety [20].

More recently, some studies explored which parameters of virtual
audiences impact the level of anxiety. Mostarejan et al., investigated
the effects of the number of audience members. They showed that
a size of three audience members, in comparison with audience
of six and fifteen members, induced the highest increase in heart
rate measures, which they linked to higher levels of anxiety [14].
Another study by Biesman et al. investigated the effects of ingroup
bias on the degree of induced anxiety. They didn’t find differences
in anxiety when comparing audiences designed to be perceived as
ingroup or outgroup by the subjects. However, they showed that
in the ingroup condition resulted to higher feelings of presence
compared to the outgroup condition. Additionally, a higher level
of emotional intelligence - the ability to recognize and understand
emotions - predicted a lower level in public speaking anxiety in the
outgroup condition, while initial predispositions to public speaking
anxiety predicted the state of anxiety in the ingroup condition [1].
In a related topic of job interview simulations, Kwon et al. showed
that better graphical realism, and the use of HMD or LCD screen
over laptops, increased the degree of perceived anxiety [10].

When considering which parameters impact the level of anxiety,
an important factor in the uses of virtual environments is the feel-
ing of presence, defined as the perceptual illusion of "being there"
[12]. This is particularly relevant for VRET, as it is assumed that
high feels of presence would help to induce emotions or anxiety
[9]. Lee divides presence in three psychological states: physical,
i.e. experience virtual objects as actual physical objects, social, i.e.
experience virtual social actors as actual social actors, and self pres-
ence, i.e. experience virtual self as the actual self [12]. Cummings
and Bailenson present in a meta-analysis the effect size of various
parameters on the feeling of spatial presence [3]. Tracking level,
stereoscopy and field of view have a larger effect on user presence,
in comparison with others features such as the presence of sounds
or the image quality. In our case, because public speaking is first
and foremost a social interaction, the presence sub-concept of social
presence is arguably the most important to consider. We can link
this to results obtained by Kishimoto and Ding [7], who studied
the influences of ambiguous and negative virtual social feedback
on anxiety and presence. If no significant differences where found
on feels of presence, participants with social anxiety disorders pre-
sented higher level of anxiety during public speaking in front of an
audience displaying ambiguous feedback compared to an audience
with negative feedback.

2.2 The Influence of Sound on Anxiety and
Performance

As seen above, the feeling of presence influences the amount of
anxiety felt by users. Cummings et al. showed that using sound in
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a virtual environment has a medium-sized effect on presence [3].
Serafin present two types of sound design: ambient sounds, which
are background sounds, and sound events, which can be predictable
or not, and used for triggering users. They showed that through
the sole use of sound design to represent a panoramic viewpoint,
with both types of sounds and without any visual information, it is
possible to create a feeling of presence [23]. In parallel, Larsson et
al. showed that consistency in sound design is important: indeed,
an inconsistent sound design, i.e. which is not realistic or seems
unrelated to the environment, negatively impacts the feeling of
presence. For example, sounds that do not match with the visual
environment, such as sounds temporally desynchronized from their
source, are unrealistic and reduce presence [11].

In the field of virtual environments, video games are a valuable
field of study; there, sound design represents a crucial part on how
emotions can be induced in the player. Toprac and Abdel-Meguid
studied the impact of sound, in survival horror games, on feelings
of fear, anxiety and suspense. They observed that medium volume
sound effects were the most effective way to induce anxiety in
games [25].

On the impact of sound on performance, some studies showed
that noise distractions, such as white noise, emitted during double-
tasks, which require a high level of attention, negatively impact
the performance on the subsidiary task, and with no impacts on
the primary task. More specifically, unpredictable distractions im-
pact the performance more than predictable noise distractions [4].
Equivalent results are observed on subjects’ performance on a com-
plex task also requiring a high level of attention [15]. The effects of
sound distractions on subsidiary task or complex tasks were also
investigated by Hong. While attending to a primary task, partic-
ipants had to respond to a sound distraction as a subsidiary task.
Hong showed that performance on the primary task declined when
participants where confronted to sound distractions [6].

We can see that sounds have different impacts, particularly on the
feeling of presence as well as on the performance on complex tasks.
However, it seems that the influence of sound design on participant
anxiety in virtual environments hasn’t really been explored yet,
particularly during public speaking task. Based on the existing
research presented above, we propose a model about the influence
of sound design on presence and anxiety during public speaking in
virtual reality.

3 CONCEPTUAL MODEL

The main idea behind this model is to map out how various factors
of a virtual experience’s sound design combine in a way that ends
up impacting the level of anxiety. Based on the literature review
presented in the previous section, we have outlined this model in
Figure ??. In this figure, the relationships between different subjec-
tive factors and virtual reality parameters are outlined by arrows:
the majority of these links have been investigated in previous stud-
ies (although in different contexts than public speaking simulations)
and are represented by bold arrows. In contrast, the dotted line
between auditory distractions and anxiety corresponds to an hy-
pothesis we formulate and that we will attempt to verify in an
experiment (see 4.1).
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Because of the impact of distractions on performance when tasks
require a lot of attention - and we assume here it is the case of public
speaking tasks, where we need to know what to say, remember
the order of the presentation, speak and adopt appropriate non-
verbal behaviors, all the while adapting to the audience and to the
environment - we suppose that distractions will have a negative
impact not just on performance but also on anxiety, both being
potentially linked (e.g. a loss of performance might trigger anxiety).

4 EXPERIMENTAL STUDY

In order to validate the above model, we are planning to run an
experimental study where we will explore the impact of sound
design and in particular sound distractions on the level of anxiety
and on the level of presence during public speaking in virtual re-
ality. To that end, we will immerse participants in a virtual reality
environment, consisting of a virtual amphitheater populated by a
virtual audience, and containing different sound distractions. In
the following subsections, we present our research hypotheses, the
virtual environment we use and its visual and auditory stimuli, our
experimental protocol, and the measures we plan to obtain.

Participants will be recruited among students at our institution,
at a particular point in their curriculum where they have to prepare
an oral presentation on an internship done during the summer.
Participants will be requested to perform a public speaking presen-
tation in front of a virtual audience provides through a HTC Vive
Pro Eye head-mounted display (HMD) with an integrated audio
headset and eye-tracking system. Different recordings will be ob-
tained, using a variety of sensors: a camera and microphone will be
placed in front of the participants to obtain a general view of their
performance. Eye-tracking data will be collected using the HMD
integrated system, and an Empatica E4 wristband will be used to
record heart rate and electrodermal activity.

Our study will follow a mixed experimental design: each par-
ticipant will have their presentation divided in three parts, corre-
sponding to three experimental conditions of sound distractions,
selected in a random order. Additionally, participants will be ran-
domly assigned between two groups, corresponding to one of the
two conditions of realistic or unrealistic sound design, the second
one obtained by a desynchronization of sounds with visual cues.
Also, in preparation of the experiment, a pilot study will be carried
out in order to validate the realism of the sound environment.

4.1 Hypotheses

We want to see if sound design, and specifically sounds distrac-
tions, are a potential factor influencing the level of anxiety and
presence during a public speaking task in virtual reality. The future
experiment will try to validate these three hypotheses:

H1 A continuous sound distraction increases the level of anxiety
at the begin of the diffusion of the sound. This level of anxiety
decreases after a while due to an habituation effect.

H2 Random variations of the volume of a sound creates an in-
crease in the level of anxiety.

H3 An unrealistic sound design negatively impacts the feeling
of presence.

H3b An unrealistic sound design impacts the level of anxiety.
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In the case of H3b, we envision two possibilities of the impact
that an unrealistic sound design can have on anxiety. The first
possible impact is that an unrealistic sound design, by impacting
negatively the feeling of presence, will reduce participants’ involve-
ment and therefore reduce anxiety. Secondly, because unrealistic
sounds might be uncomfortable or disturbing, it might directly in-
crease anxiety. It is difficult to predict which of these two impacts
will happen, and if so, whether one effect will dominate.

These hypotheses will confirm the validity of our model specifi-
cally in the context of public speaking. We will measure the level
of anxiety with physiological and self-reported measurements, and
presence with self-reported measurements.

4.2 Virtual environment and stimuli

We use in this work the virtual environment (VE) Cicero, developed
using the VHToolkit framework based on the Unity 3D engine [2].
This system was used in a series of studies realised at the USC
Institute for Creative Technologies. Cicero contains a virtual am-
phitheater where a virtual audience can be spawned and configured
with various parameters. In particular, the audience can be config-
ured to display a global attitude towards the speaker by varying
arousal and valence parameters. The parameters then impact non-
verbal behaviors displayed by the audience members. To create this
audience behavior model which generates behaviors from various
levels of valence and arousal, a crowdsourcing platform was used,
were participants had to select behaviors, i.e. head movements,
gaze patterns, facial expressions and postures, corresponding to
a particular level of valence and arousal, varying between very
low, low, neutral, high and very high [2]. In our study, we will set
arousal and valence parameters to fixed values in order for the
audience behaviors to stay stable during the experience so that they
do not interference on the level of presence and anxiety. To have
an audience which looks interested by the presentation, the level
of arousal will be high. The valence will be globally neutral but dis-
tributed with different values for each audience members, in order
to have a bigger variety of behaviors while avoiding the impact of
an audience that would be globally perceived as too positive or too
negative. We integrate four audience members in the environment,
on the basis of the study of Mosterajan et al. [14], and in order to
have the same number of women and men in the audience, with
different ethnicities, in order to avoid potential ingroup/outgroup
biases [1].

In order to conduct our experiment and test our hypotheses, we
added sound design in the virtual environment. Ambient sounds,
including sighs, interjections and seat creaking noises were added,
and associated with different behaviors of audience members. We
also chose simple background sounds, played at a low volume,
which we assume should only impact the feeling of presence, not
anxiety. We created two variations of these various sounds, namely
an unrealistic and a realistic condition, altering the particular tim-
ing of these sounds with corresponding visual cues. On the basis
of the work of Larsson et al. [11], we desynchronize these sounds
from the corresponding visual informations to obtain the unrealis-
tic condition of the experiment, and keep them synchronized for
the realistic condition. Finally, we include a sound distraction in
the form of a sound of a group of people chatting, spatialized in
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a side room in the VE. We consider that this sound can be par-
ticularly impactful to study subjects compared to other types of
distractions (e.g. alarms, environmental sounds) because of its so-
cial dimension, which could be especially disturbing in the case of
users suffering from public speaking anxiety. The volume of this
group chat sound is managed in different ways depending of the
experimental conditions, in order to create continuous or random
distraction conditions, in opposition with a condition without any
sound distraction.

4.3 Protocol

At the beginning of the experiment, the participant will first have
to fill in a number of questionnaires, and will then be equipped with
the Empatica E4 wristband and the HMD. Before the experiment
begins, the participant will first discover the virtual environment in
a habituation sequence, consisting of the same virtual environment
but without sounds and without the virtual audience. This will
allows us to obtain a reference of the initial physiological state of
the participant before the public speaking task. The experiment
will consist in three steps of public speaking of five minutes, with
short breaks between these steps. Each step corresponds randomly
to one condition of the sound distraction variable: no distraction,
continuous distraction, or random distractions. Additionally, the
sound is configured in a unrealistic or realistic condition depend-
ing on the group condition to which the participant is assigned.
Participants will be asked to prepare a presentation of a duration
around twenty minutes - to make sure to have a presentation of
at least fifteen minutes - and to give the slideshow of their oral
presentation, to integrate it in the VE - the experimentation comes
during a period of oral exams for students in which internship
presentations are mandatory; we will simply ask students to reuse
those presentations. After five minutes of public speaking, we will
interrupt the participants, ask them questions related to their previ-
ous condition, set the condition for the next presentation step and
then continue for the next step of public speaking. These breaks
will help us to separate recordings of the different conditions. Once
their presentations are finished, participants will fill in another set
of questionnaires in order to obtain measures of their subjective
level of anxiety during the three steps, their feeling of presence, and
a post-test questionnaire related to their perceptions of distractions
and their subjective impression of those distractions’ impact on
their anxiety.

4.4 Materials and Measurements

To obtain physiological measurements, we will use an Empatica E4
wristband, which provides electrodermal activity (EDA) and a heart
rate (HR) signal from which we can calculate heart rate variability
(HRV), and the eye-tracker integrated to the HMD system.

EDA corresponds to changes in electrical properties of the skin,
which reflect physiological arousal. HRV is a measurement of the
variability in the time intervals between heart beats, and is related
to emotional stability. Eye-tracking data indicates where the subject
is looking, which will enable us to know if the participant looks at
the source of the sound distraction, and when.
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Concerning self-reported data, participants will have to fill at the
beginning of the experiment, a demographic questionnaire, the Per-
sonal Report of Confidence as a Speaker (PRCS) [19], which allows
us to get a measure of the participants’ public speaking anxiety lev-
els, and an immersive tendencies questionnaire (ITQ) [28]. Between
steps of the experiment, they will have to fill the PRCS in order
to have intermediate measures of their anxiety. Finally, at the end
of the experiments, they will have to fill a presence questionnaire
(PQ) [28], and a post-test questionnaire to have measurements of
their subjective perception of sound distraction and the impact of
it on their anxiety.

We will use also a camera and microphone, in order to realise
an analysis of the participant’ non-verbal behavior, in particular
postures, gestures, and vocal behavior.

5 FUTURE WORK

The experiment we have presented is still in preparation, and there-
fore our most important task is to finalise the study preparation
and subsequently to recruit participants to run it. Once the study
has been run and data has been collected, our next step will con-
sist in realising statistical analyses, testing for differences between
the various presented conditions in terms of physiological features
and subjective presence and subjective anxiety scores, in order to
validate our hypotheses.

This study’s main goal is exploratory, as sound design in VRET
is still a largely unstudied field. We intend to develop further our
model of sound design parameters influences on the level of pres-
ence and anxiety during simulated public speaking, with the end
goal of improving simulations and hopefully social anxiety treat-
ment or social skills training outcomes. While this study focuses
on sound distractions, a next step can be to improve the sound
design by considering elements such as the signal-to-noise ratio,
the acoustic properties of the room and other sound properties. A
potential follow-up study would be more devoted to studying the
influence on sounds conveying social cues, such as backchannels or
disagreement sounds, and how those can be linked with audience
non-verbal behaviors.
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