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ABSTRACT

Public speaking anxiety is defined as a strong difficulty in speaking in front of an audience and has been shown to
impair work performance and social relationships. Virtual Reality (VR) offers an efficient tool for modulating
public speaking anxiety through a wide range of customizations concerning environmental settings. However,
scientific research needs to understand better what features of the simulated environment are more important to
increase or reduce participants’ perceived discomfort. The present study investigates the role of visual (human vs
cartoon characters) and acoustic (human vs robotic voice) audience features on perceived anxiety, sense of
presence, and perceived realism in an interactive VR public speaking scenario. 42 participants (mean age = 24 y.
o; Females = 30) performed four public speaking sessions, characterized by different levels (high vs. low) of
graphic and acoustic audience design. Both explicit (questionnaires) and implicit physiological measures
(Electrodermal activity-EDA) collected during audience interaction were used to assess the participants’
experiences.

The results showed that the features of the simulated audience played a crucial role in perceived anxiety
during a virtual public speaking. Specifically, the more realistic level of graphic and acoustic stimuli resulted in
higher levels of self-reported anxiety as compared to the lower realism level. However, the experienced realism
and the sense of presence seem more affected by the graphical than acoustic features of the virtual environment.
By contrast, the acoustic features impact on the interaction realism with the virtual audience. Interestingly, the
robotic voice (lower acoustic realism) increased electrodermal response during the interaction with the audience,
interpreted as a break in the sense of presence. A positive correlation between anxiety, sense of presence, and
experienced realism was found. As well, perceived anxiety is correlated with electrodermal activity during the
performance. Nevertheless, physiological activity is more affected by the first experience than the realism fea-
tures, suggesting the presence of a habituation effect across the repeated sessions. Taken together, the results of
our study showed that multisensory features (graphical and acoustic) of the virtual environment play a funda-
mental role in creating realistic public speaking experiences and might be used within gamification strategies for
soft skill training (e.g., for improving public speaking anxiety).

1. Introduction

1.1. Public speaking anxiety

interactions, but in some cases, the anxiety evoked by public speaking
becomes pathological (Ferreira Marinho et al., 2017; Sandra R Harris
et al., 2002; Heimberg, 2002; Hoffman et al., 2004; Raja, 2017; Stein
and Chavira, 1998). Regardless of its clinical manifestation, public

Public Speaking Anxiety (PSA) has been described as a sense of speaking can be perceived as an unpleasant and threatening experience,
discomfort and distress to perform a discussion or speech in front of an characterized by high stress levels and bodily discomfort, even in
audience (Pull, 2012). This condition is quite common during social non-clinical populations. Further evidence of the effectiveness of public
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speaking as a stressful event is also suggested by the inclusion of this task
into the Trier Social Stress Test, one of the most widely used experimental
settings for inducing acute psychosocial stress under laboratory condi-
tions (Birkett, 2011; Fich et al., 2014). PSA, even when nonpathological,
can have a substantial impact on work opportunities and social re-
lationships, deteriorating the well-being and career choices of those who
are affected by it (Aderka et al., 2012; Hinojo-Lucena et al., 2020).

Public speaking anxiety is characterized by behavioral symptoms
and an increase in physiological arousal before and during speaking.
Behavioral outcomes of PSA concern the avoidance of performance, the
anticipation of anxiety, embarrassment, and a state of discomfort,
altogether increasing the risk of making communicative mistakes
(Klinger et al., 2005; Palmas et al., 2021; Panayiotou et al., 2017a; Stein
and Chavira, 1998). Additionally, public speaking anxiety is recognized
to trigger a significant increase in physiological arousal and somatic
tension before, during, and after the task (Goodman et al., 2017). This
effect can be described in terms of the sympathetic nervous system
activation in response to a real or imagined/anticipated threat (Behnke
and Sawyer, 2001; Croft et al., 2004; Finn et al., 2009; Giesen and
McGlynn, 1977; Porhola, 2002). Concerning this aspect, several pa-
rameters are often used to assess the physiological response during
public speaking task, such as Heart Rate (HR) (Bassett et al., 1987; Lacy
et al., 1995; Panayiotou et al., 2017b; Panknin et al., 2002; Premkumar
et al., 2021), Heart Rate Variability (HRV) (Ahs et al., 2009; Kothgass-
ner et al., 2016; MacIntyre et al., 2010), Electrodermal activity (Skin
conductance level -SCL, or Skin conductance response -SCR) (Carrillo
et al., 2001a; Dimberg et al., 1986; Giesen and McGlynn, 1977; Gon-
zalez-Bono et al., 2002; McKinney and Gatchel, 1982; Panayiotou et al.,
2017a; Parente et al., 2005). These parameters, together with self-report
measurements, provide an additional indicator in respect with the
anxiety experienced by participant (Croft et al., 2004; Schwerdtfeger,
2004).

The possibility of analyzing physiological parameters during a task is
also relevant to the question regarding the relationship between anxiety
and performance. That is, the well-known Yerkes-Dodson law (Chaby
et al., 2015; Green et al., 1908; Teigen, 1994) suggests that increases in
physiological arousal up to a certain level lead to better performance,
whereas further increases beyond that point deteriorate people’s abili-
ties to execute the task (following a bell-shaped function relating per-
formance and physiological arousal). Thus, physiological parameters
may be taken as a further predictor of human performance in several
challenging situations, such as public speaking.

1.2. Public speaking in virtual reality (VR)

Nowadays, Virtual Reality (VR) is a promising tool for developing
exposure therapies and, more in general, for skill training through vivid
sensory-motor experiences Campo (Bush, 2008; North et al., 1998;
Powers and (Bush, 2008; North et al., 1998; Powers and Emmelkamp,
2008). This occurs because, if correctly designed, VR illusions (i.e., the
perception of acting within an artificial environment just like in a real
one) can activate the same neurological mechanisms that allow partic-
ipants to respond to real features of the environment (Gallace et al.,
2011; Higuera-Trujillo et al., 2017; Lanier, 2017; Riva, 2009). Immer-
sivity plays a key role in creating a reliable experience inside a virtual
environment, which is measurable through the subjective ‘sense of
presence’. The sense of presence refers to “being there” in a simulated
environment (Slater, 2002; Slater et al., 2009b; Slater and Wilbur,
1997). Presence in virtual environments is usually measured by means
of self-report questionnaires. Still, more recently, a number of physio-
logical measurements have been used as “markers” regarding the degree
of presence experienced by the participant (Bystrom et al., 1999;
Grassini and Laumann, 2020; Insko, 2003).

In the last twenty years, several studies reported that Public Speaking
tasks performed in VR are capable of evoking physiological activation
and psychological discomfort (Owens and Beidel, 2015; Pertaub et al.,
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2001; Premkumar et al., 2021; Reeves et al., 2021; Salkevic¢ius et al.,
2019; Slater et al., 2006b; Stupar-Rutenfrans et al., 2017), comparable
to their real counterparts (Ebrahimi et al., 2019). The effectiveness of VR
applications regarding public speaking anxiety is also proven by the
different responses evoked by the simulated environment (in terms of
behavioral and physiological activation) by high vs. low trait anxiety
participants during the experimental manipulations (Gonzalez-Bono
et al., 2002; Palmas et al., 2021). Not only VR is a good tool for clinical
treatment (Bouchard et al., 2017; Carl et al., 2019; Sandra R. Harris
et al., 2002; Kahlon et al., 2019; Kampmann et al., 2016; Premkumar
etal., 2021; Reeves et al., 2021), but it may be considered a suitable tool
for human soft and hard skill activity training (e.g., public speaking;
work interviews, etc.) in non-clinical populations (Takac et al., 2019). In
fact, through realistic and immersive VR experiences, participants can
perform public speaking activities in a controllable and safe setting.
They can be supported against personal distress, arousal activation, and
distorted cognitive perception during the exposure (Kahlon et al., 2019).
Each session can also be used to manipulate the main focus of the ex-
ercises (i.e.: speech circumlocution, body language, eye contact with the
audience) and thus be customized to the client’s needs (Salkevicius
et al., 2019). The environmental setting (e.g., room characteristics, size
of the audience, etc.) can be programmed as a function of the specific
user or company requirements (i.e.. work discussions, slide pre-
sentations, job interviews, oral school examinations, reports to the
company board, etc.). Public speaking in VR is also open to interactions
with other technological advancements. For example, recent develop-
ment in the field of Al (Artificial Intelligence) will be used in the near
future to enhance the realism of the simulated interaction by modifying
certain features of the scenario (such as overall level of noise; patterns of
light changes) or of the autonomous agents’ reactions (i.e. verbal, motor
and visual responses) on the basis of the actual actions, physiological
responses, and behaviors of the speaker (El-Yamri et al., 2019). It should
be noted, however, that for this possibility to be fully implemented, the
system must be trained to analyze certain behaviors and physiological
parameters from the users and select those that are relevant to the given
situation to be simulated (e.g., imagine a speaking scenario that pro-
duces more hostile responses from the listeners when the overall level of
users’ arousal, measured through increases in heartbeat or sweating,
increases). This certainly requires a better knowledge of the partici-
pants’ responses to different VR environmental features.

1.3. The role of realism in VR public speaking design

Despite the importance of contextual variables in the VR environ-
ment in affecting participants’ responses (i.e., audience behaviors
(Chollet et al., 2018; Pertaub et al., 2002; Premkumar et al., 2021),
environment architectural design (Fich et al., 2014), or audience
behavior (Girondini et al., 2023)) certain parameters related to the
design of the virtual scenario where public speaking occurs have been
very little explored. It has been hypothesized that visual realism (here
defined as the perceived similarity between a real scene and a simulated
one) might enhance realistic behavioral responses (Slater et al., 2009a;
Vinayagamoorthy et al., 2004), but not much is known about how the
features of a simulated audience (e.g., human-like vs. cartoon-like ava-
tars) can impact a person’s anxiety and sense of presence (Goncalves
et al., 2021). This is an important aspect of VR research for two reasons:
1) overly realistic avatars might lead to the well-studied Uncanny Valley
effect (Geller, 2008; Ho and MacDorman, 2017; Mori et al., 2012; Tin-
well, 2014); 2) cartoon-like characters might offer many more possi-
bilities than real human avatars to be modulated in terms of alternative
bodily features (e.g., in order to be perceived as less threatening, for
example by increasing the size of the eyes or the roundness of the body;
(Partala and Surakka, 2003)) and might be used within some gamifi-
cation strategies (Pereira et al., 2014). As far as gamification (applica-
tion of game elements in a non-gaming context) is concerned, this
strategy has already been used to improve human learning processes,
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with positive outcomes (Grivokostopoulou et al., 2017; Pereira et al.,
2014; Ryu et al., 2018; Sailer and Homner, 2020; Su, 2016). The game
design applied to a stressful experience, such as public speaking, could
help to distract the user from the primary task but at the same time
maintain the learning and habituation benefits of the exposure training
(Yee, 2006). Using a cartoon-like avatar within a gamification strategy
might thus help to modulate anxiety about one’s own performance and
improve self-efficacy before approaching a more stressful real human
audience. Recently, Bellido Rivas and colleagues (Bellido Rivas et al.,
2021) have compared anxiety perceived after a VR public speaking
training performed in a cartoon scenario (with the speaker embodied in
a cartoon) or within a more realistic (human-like avatars) scenario. The
study did not confirm the advantage of using cartoon-like avatars on
perceived anxiety, so other clarifications are required.

1.4. Multisensory interaction in virtual environments

In order to investigate the impact of audience features within virtual
public speaking, a multisensory perspective might be useful. In fact, like
real interactions, most virtual interactions are based on multisensory
integration processes occurring inside the brain (Gallace et al., 2011).
The participants’ sense of presence and perception of realistic experi-
ence inside the virtual environment could be enhanced by integrating
coherent sensory signals (Gallace et al., 2011; Marucci et al., 2021). In
this instance, a visually realistic scenario might lose its level of effec-
tiveness whenever acoustic details of the interaction are not realistic (or
incongruent from a multisensory point of view) (Frassinetti et al., 2002;
Maffei et al., 2016). Matching visual and acoustic elements is relevant
for inducing a realistic virtual interaction (Mitchell et al., 2011). On the
other hand, different combinations of visual and acoustic information
(more or less coherent) can lead to different levels of public speaking
anxiety, and studying their role and interaction can help to create better
exposure therapies or skill development training procedures. For this
very reason, it becomes relevant to analyze both the visual and acoustic
elements of the virtual environment, especially during the interaction
between participants and the simulated audiences during the virtual
session (such as an interactive dialog), and how this may be perceived as
“realistic”. Naas has claimed that humans can be socially influenced by
virtual avatars just as they would be in the real world (Nass et al., 1994)
and this element is becoming even more important nowadays with the
technical feasibility of reproducing ‘metaverse’- based virtual in-
teractions (virtual spaces shared between multiple users; (Dionisio et al.,
2013; Gallace, 2022; Wiederhold and Riva, 2022). Not surprisingly,
virtual reality has been used to reproduce socially relevant contexts,
such as ‘social dilemma’ paradigms or emotionally relevant interactions
(Pan et al., 2011; Skulmowski et al., 2014; Volante et al., 2016). This
aspect also leads to another important theoretical concept that might be
relevant in the case of virtual interactions between multiple players
(some or all of them being human-controlled, and some being
Al-controlled) known as “social presence” (Biocca et al., 2003;
Guimaraes et al., 2020; Oh et al., 2018a; Wakeford, 2002). Research on
simulated virtual interactions needs to define which proprieties of the
environment can evoke realistic responses by the user during a simu-
lated social interaction (between the user and the virtual characters).
Even though this question arose more than twenty years ago, the con-
ditions necessary to elicit a realistic human-avatar interaction remain
rather unclear (Kyrlitsias and Michael-Grigoriou, 2022; Wienrich et al.,
2018). Earlier studies on social presence reported no difference when
the participant interacted with virtual humans or with virtual avatars
that did not look human (Nowak and Biocca, 2003; Soash, 1999;
Volante et al., 2016). Despite this consideration, in the last decade, a
significant improvement in the graphical rendering of virtual experience
has occurred, and some studies failed to confirm the previous findings
(Dubosc et al., 2021; Kwon et al., 2013; Yoon et al., 2019). More
interestingly, some works suggested that other factors, such as audio
and/or animation features, are equally relevant than graphical
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rendering within virtual interaction in computer-generated environ-
ments (Chollet and Scherer, 2017; de Melo et al., 2013; McDonnell et al.,
2012; Volante et al., 2016). Among them, behavioral realism (the level
of similarity between virtual behavior by the avatar and real-world
behavior of humans in a given situation) is a further element that is
able to increase the sense of social presence and realism of virtual
interaction (Herrera et al., 2020). Virtual social interaction involving
avatars characterized by high behavioral realism might enhance social
presence and influence users’ behavior (Guadagno et al., 2007). For this
reason, behavioral realism must be considered (and/or controlled) while
evaluating how graphical and acoustic realism impact the simulation
experience (Garau, 2003). Furthermore, the design of virtual social in-
teractions is particularly relevant in the case of public speaking since
realistic interplay and its modulation as a function of certain environ-
mental features might be task-related (Allmendinger, 2010). That is, it is
reasonable to hypothesize that very realistic multisensory interactions in
high-pressure or stressful situations, such as public speaking, could
result in greater discomfort, particularly for high-anxiety users (Palmas
etal., 2021). By contrast, lower perceived realism (based on the visual or
acoustic properties of the avatars) in the same situation might reduce or
mitigate the perceived anxiety during the task. In summary, within
public speaking scenarios, the visual-acoustic features of the avatar
might play an important role. Modulating the multisensory details of
avatars might help us understand how public speaking anxiety can be
affected by the design of the virtual environments in which they take
place.

1.5. Current study

1.5.1. Aim of the study and research hypotheses

The main aim of the current study is to test the effect of audience
graphical-acoustic features, by means of different VR interactive sce-
narios, on participants’ anxiety levels and sense of presence during
public speaking experiences. The study also aims to understand whether
our modulations differently affect more explicit (e.g., anxiety self-
assessment) or implicit (physiological responses) measures in a non-
clinical population. Given the possible differences driven by trait anxi-
ety (Gonzalez-Bono et al., 2002; Palmas et al., 2021), before starting the
VR session, a wide range of anxiety self-assessment scales (concerning
classic anxiety questionnaires and social anxiety questionnaires) were
included. The experiment was composed by four different Public
Speaking VR scenarios, and each scenario differed from the others in
terms of visual and acoustic information presented. In order to investi-
gate the effect of audience design in respect to virtual interactions, all of
the scenarios contained an interactive session characterized by a ques-
tion asked by the audience.

Based on the important role played by multisensory interactions in
people’s perception, also confirmed within virtual environments, it is
reasonable to hypothesize:

H1. A virtual audience with a high level of graphical realism,
compared to one with low graphical realism, elicits more anxiety during
public speaking tasks

H2. A virtual audience with a high level of acoustic realism, compared
to one with low acoustic realism, elicits more anxiety during public
speaking tasks

H3. The acoustic and graphical realism of the audience may have a
two-way interaction effect on anxiety during public speaking tasks,
which indicates that the effect of graphical realism on public speaking
anxiety is different at different levels of acoustic realism, and viceversa.

Secondary analyses concerned the impact of graphical and acoustic
realism on the sense of presence, the sense of realism, and interaction
realism. Moreover, we decided to analyze also the physiological
response to the audience question and during the whole performance,
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indexed by the phasic activity of electrodermal activity (SCR, NS-SCR).
A correlation analysis was performed between perceived anxiety, sub-
jective reports, and physiological activity.

2. Methods
2.1. Materials

2.1.1. Sample size

The participants were recruited by self-enrollment using the Uni-
versity web site. University students were given course credit for
participating. The sample size for this study was calculated using
G*Power 3.1 (Faul et al., 2007) and the repeated ANOVA statistical test
(four measurements and two within factors). G*Power indicated that,
with « = 0.05 power (1-) = 0.80, and a medium effect size (0.4), the
estimated sample size for this study was at least 42 participants.

A total of N = 42 participants aged between 20 and 63 years
comprised the experimental sample (M = 24, SD = 13.2). There were
twenty-nine females (70%) and thirteen males (30%). Thirty-three
participants admitted having previous experiences with Virtual Reality
(79%), while nine (21%) had not. The study was conducted according to
the ethical principles of the Declaration of Helsinki and was approved by
the Department of Psychology, University of Milano Bicocca, local
ethical committee.

2.1.2. Experimental design

The experimental design involved participants performing four
public speaking performances, each with varying levels of graphical and
acoustic realism. Specifically, the audience could be characterized by
high (human avatar) vs. low (cartoon avatar) graphical realism and high
(human voice) vs. low (robotic voice) acoustic realism, resulting in a 2
x 2 repeated measure design. The scenario was either high or low in
both aspects, and the order of presentation was counterbalanced across
participants. This resulted in the following four experimental scenarios:

- High Visual Realism - Human Voice (H_H): The scenario was
composed of a human avatar audience and the question was pre-
sented by using a human voice.

High Visual Realism - Robotic Voice (H_R): The scenario was
composed of a human avatar audience, but the question was pre-
sented by using a robotic voice

Low Visual Realism - Human Voice (L_H): The scenario was
composed of a cartoon-like audience and the question was presented
by using a human voice

Low Visual Realism - Robotic Voice (L_R): The scenario was
composed of a cartoon-like audience and the question was presented
by using a robotic voice

The primary outcome measure was the participants’ perceived anx-
iety after each performance. Secondary analyses included subjective
reports of sense of presence, interaction realism, and perceived realism
comparing high vs. low graphical and acoustic realism. Additionally,
electrodermal activity during all the performances was recorded and
analyzed. Finally, correlation analyses were conducted between sub-
jective reports, anxiety, and physiological activity. Overall, this design
served us to investigate how different levels of graphical and acoustic
realism impact anxiety and physiological responses during public
speaking performances in virtual reality.

2.1.3. VR equipment and scenarios

The VR equipment used for the experiment included an Oculus Rift
Head mounted display (HMD), with a 1280 x 1440-pixel resolution per
eye (refresh rate 80 Hz). The HMD was connected to a computer,
featuring an Intel Core i7-7800X CPU, 16 GB of RAM and a GeForce GTX
GPU.

Two VR environments were developed with the Unity graphics
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Engine (https://unity.com/.) for the purposes of this experiment: — high
(Fig. 1) and low (Fig. 2) visual realism audience. For each of them, two
audio versions were prepared on the basis of the voice added to the
audience characters, resulting in high (human voice) vs (low robotic
voice) acoustic realism. All scenarios involved a room where eleven
chairs were arranged. Eight avatars were sitting in some of these chairs.
A virtual projection board hanging on the wall just behind the audience
and in front of the speaker showed the sequence of the different pictures
involved in the preparation of the recipe being presented by the
participant. Adobe Fuse was used for the creation of the humanlike
avatars. Body movements were selected from the Adobe Mixamo library
(https://www.mixamo.com) and were then combined and blended into
Unity with the use of layers and masks. All members of the audience are
in a sitting position. Movements include turning head left or right, head
nodding, scratching a hand and moving on the chair. The gestures are
neutral and do not represent a positive or negative reaction from the
people in the audience. For the question session, mouth movement was
implemented in Unity and added to one of the audience avatars. The
avatars in the low visual realism environment were created with Blender
graphics software (https://www.blender.org/). Their shape was vaguely
reminiscent of Barbapapa cartoon characters (https://www.barbapapa.
com/the-barbapa-family-en/), with rounded and colored bodies, which
included eyes, eyebrows, and a mouth. All animated body movements
were created with the Unity graphics engine (i.e., Nodding in agree-
ment, Looking the presenter in the eyes). The movements from the hu-
manlike scenario are translated into a similar movement for the cartoon
avatars. The timeline and the number of gestures is kept the same be-
tween the two visual settings. During each exposure, after 3 min of
participants’ speech, one element of the audience (human avatar or
cartoon avatar) raised his/her hand and asked a question (with human
or robotic voice) related to the speech topic. The voice for each question
used was recorded offline by people naive to the experiment and
inserted in Unity. In the case of robotic voice, a human voice was
modified by a robot voice generator app (Magicmic robotic voice changer).
The questions were similar in terms of length (around 8-10 s.).

2.2. Measurements

2.2.1. Anxiety questionnaires

STAI (State-Trait Anxiety Inventory): STAI is a well-known anxiety
self-assessment scale, composed of two subscales which measure tran-
sient and enduring levels of anxiety (Beckler, 2010; Spielberger et al.,
1971). Each scale has 20 items, and both scales include items that
describe symptoms of anxiety and items that describe the absence of
anxiety. We used the Italian language validated version of STAIL

SIAS (Social Interaction Anxiety Scale): SIAS is a self-report ques-
tionnaire that measures the presence of fear during general social in-
teractions. The Italian translation contains 19 items evaluated on a 5-

Fig. 1. Scenario for high graphical realism.
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Fig. 2. Scenario for low graphical realism.

point Likert scale, rating from 0 (not at all) to 4 (extremely) (Heimberg
et al., 1992).

SPS (Social Phobia Scale):SPS is a self-report questionnaire that
measures anxiety in situations involving being observed by others. The
Italian translation contains 20 items evaluated on a 5-point Likert scale,
rating from O (not at all) to 4 (extremely) (Heimberg et al., 1992).

SSQ (Simulator Sickness Questionnaire): SSQ is a motion sickness
questionnaire used to assess sickness after virtual reality experiences.
The version used in this experiment contains 16 items, divided into three
categories: nausea, oculomotor problems and disorientation (Kennedy
et al., 2009).

2.2.2. Experience evaluation (self-report)

Four different self-report statements were used to assess participants’
subjective experiences during the task. Each statement was evaluated by
using a 10-point Likert scale, ranging from O (not at all) to 10
(extremely). The measurements were collected after each experimental
session. The focus of Likert assessments concerned:

- Sense of presence (I felt like I was inside the environment shown)

- Experienced realism (The content of this environment seemed credible
to me)

- (Audience) Interaction realism (The interaction I had with the avatar
seemed believable and realistic)

- Level of anxiety evoked by the task (How much anxiety did this expe-
rience evoke from 1 to 10)

2.2.3. Physiological measurement

Electrodermal activity (EDA): The measurement of the phasic level of
skin conductance is recognized as a highly suitable marker for sympa-
thetic nervous system activation (Turpin and Grandfield, 2007). Other
studies already used EDA as a marker of anxiety state during public
speaking (Arsalan and Majid, 2021; Giesen and McGlynn, 1977; West-
enberg et al., 2009). For example, Croft and colleagues used EDA values
to predict state-dependent speech anxiety in a student sample during a
public speaking task (Croft et al., 2004). The focus of EDA measurement
during public speaking was related to the phasic (fast) change of elec-
trodermal activity. In particular:

- Skin Conductance Response (SCR): Changes of the phasic level of
Skin conductance can be found during stressful situations and have
been shown to reliably indicate the presence of mental stress (Law-
ler, 1980), challenging situations, or unexpected environmental
conditions (Connolly and Frith, 1978; Harris and Katkin, 1975;
Zeiner and Smith, 1979). Dimberg and colleagues used SCR to
compare social stimuli to neutral ones in different participants dur-
ing public speaking tasks (Dimberg et al., 1986).
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- Non-specific Skin Conductance Response (NS-SCR): The NS-SCR is
the frequency of phasic level of electrodermal activity that occurs
spontaneously, not related to external stimuli (in a fixed time-
window) (Carrillo et al., 2001b; Gertler et al., 2020; Nikula, 1991).
This measure has been previously used as a measure of fear-induced
arousal during public speaking situations (Niles et al., 2015).

For Skin Conductance measurements, in the present study, a Biopac
BioNomadix MP 150 device recorded the electrodermal signal by means
of two AgCl electrodes attached to the participant’s index finger and ring
finger. The signal was recorded at 100 Hz and downsampled to 10 Hz for
the analysis. Pre-processing of the raw data was performed using Acq-
knowledge software (www.biopac.com). To minimize the presence of
artifacts in the data, a 1 Hz low-pass filter was applied. We extracted two
measures of interest for each exposure, which lasted approximately 4.10
min: the number of non-specific skin conductance responses (NS-SCR)
and the skin conductance response amplitude (SCR). For each scenario,
we extracted the number of NS-SCR and used it as the dependent vari-
able in the analyses. To compute SCR, a threshold of 0.03 Microsiemens
was applied. For each event (i.e., the onset of the question by the virtual
audience), we collected data within a 6-8 second time window, as rec-
ommended by prior research (Braithwaite et al., 2013). The amplitude
of the SCR was extracted for each question and used as the dependent
variable.

2.3. Procedures

Each participant completed all four scenarios during the experi-
mental session, with a counterbalanced order (in terms of which sce-
nario was presented as the first scenario) across participants. The task
for the participant was to explain a cooking recipe (studied for 5 min,
just before the exposure) to the virtual audience. The recipe was
changed in each of the four scenarios (the chosen recipes were compa-
rable in terms of difficulty and length). Moreover, the participant was
not informed of the interaction with the audience before the first
speaking session.

The participants arrived at the laboratory and signed the informed
consent form. Demographic and anxiety self-assessment questionnaires
were provided by means of a tablet or computer. Upon completion of all
questionnaires, the participants received a sheet of paper containing the
first cooking recipe to study, and they were given up to 6 min to
memorize all of the information. They were also told that their task was
to illustrate the entire recipe to an audience. They were informed that
recipe images would appear behind the audience during the task (like
speech-related slides). When ready, the participants were taken to the
VR station for the recording of a physiological baseline (two minutes).
After the baseline was recorded, they were asked to wear the Head-
Mounted-Display and the simulation started, together with the
recording of physiological data (Fig. 3). After four minutes, the simu-
lation was stopped, and the participants completed the Likert assess-
ment. At the end of the first experimental condition, they received the
second cooking recipe under the same experimental procedures. The
timeline was the same for all four experimental conditions. Once the VR
experience was concluded, the final step was the assessment of VR
sickness using the SSQ questionnaire (Fig. 4).

2.4. Data analysis

Statistical analyses were performed by R software (www.r-project.or
¢) and reported in the OSF repository (https://osf.io/d37e6/files/osfsto
rage). To explore the relationship between perceived anxiety and sub-
jective reports of the VR experience, correlation matrices using the
Pearson correlation coefficient (r) were computed. Specifically, we
calculated the correlations between perceived anxiety and two measures
of subjective experience: the sense of presence and experienced realism.
Additionally, we conducted a correlation analysis to examine the
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Fig. 3. Participant during VR public speaking exposure.

associations between the sense of presence, self-reported anxiety, and
physiological arousal measured by the number of non-specific skin
conductance responses (NS-SCR).

A repeated measures ANOVA was conducted on perceived anxiety,
subjective reports (i., e., sense of presence, experienced realism, and
interaction realism), and physiological data (SCR, NS-SCR) with two
within-subject factors: graphical realism (high vs. low) and acoustic re-
alism (high vs. low). The ANOVA and regression analysis showed
robustness against violation of normality distribution due to using the
Likert scale (Norman, 2010), see also, Higgins et al., 2022). In case of
sphericity violations, Greenhouse-Geisser correction was applied. A
pairwise comparison with Bonferroni correction was conducted where
significant interaction effects were reported. The results included
p-values (set as < 0.05) and effect size (generalized eta square).

3. Results
3.1. Descriptive results: anxiety scale and VR sickness

The average anxiety score revealed normal values, confirming that
our participants belonged to a nonpathological sample: STAI-S (M =
34.5, SD = 7.28), STALI-T (M = 44.1, SD = 7.75), SIAS (M = 24.5, SD =
8.31) and SPS (M = 20, SD = 10.1). In order to detect the possible
presence of some form of sickness due to the device used, we analyzed
the data from SSQ questionnaires completed after the VR exposure. The
SSQ scores revealed a low level of sickness (M = 3.13, SD = 2.68),
suggesting that the participants well tolerated our VR public speaking
experiences.

| EXPOSURE 1 | | EXPOSURE 2 |

[ExposURE 3 |
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3.2. Self-report measurements

Sense of Presence: A significant effect of graphical realism (F = 33.61,
df = 1,41, p < .001, w2 = 0.063) regarding interaction realism during
public speaking was found. Participants reported a higher sense of
presence after the avatar audience (high graphical realism, M = 6.66,
SD = 1.99) than the cartoon audience (low graphical realism, M = 5.47,
SD = 2.59). No main effect of acoustic realism (F = 0.48, df =1, 41,p =
490, 2 < 0.001) or interaction effect graphical realism * acoustic realism
(F=0.59,df = 1, 41, p = .445, »2 < 0.001) was found (Fig. 5).

Experienced realism: A significant effect of graphical realism (F =
86.42, df = 1,41, p < .001, w2 = 0.28) concerning experienced realism
during the exposure was found. Participants reported higher experi-
enced realism after the avatar audience (high graphical realism, M =
7.01, SD = 1.93) compared to the cartoon audience (low graphical re-
alism, M = 4.31, SD = 2.39). No main effect of acoustic realism (F = 0.73,
df =1, 41, p =.397, 2 < 0.001) or interaction effect graphical realism *
acoustic realism was found (F = 0.02, df = 1, 41, p = .887, w2 < 0.001)
(Fig. 6).

(Audience) Interaction realism: A significant effect of graphical realism
(F=37.68, df = 1,41, p < .001, w2 = 0.187) regarding interaction re-
alism during public speaking was found. Participants reported higher
interaction realism after the avatar audience (high graphical realism, M
= 6.67, SD = 1.90) than the cartoon audience (low graphical realism, M
=4.60, SD = 2.46). A main effect of acoustic realism (F=7.29, df = 1, 41,
p < .001, 2 = 0.020) was also found, indicating that the human voice
(high acoustic realism, M = 5.95, SD = 2.37) induced a higher sense of
interaction realism compared to the robotic voice (low acoustic realism,
M = 5.33, SD = 2.45). A non-significant trend (F = 3.87, df = 1,41, p =
.055, 2 = 0.004) for the interaction of graphical realism * acoustic re-
alism was present, suggesting that the difference between human avatar
vs. cartoon avatar, in terms of interaction realism perceived, was higher
in case of human voice compared to the robot voice (Fig. 7).

Level of anxiety evoked by the task: A main effect of graphical realism (F
=22.86,df =1, 41 p < .001, 2 = 0.036) was found. Participants re-
ported higher anxiety after the avatar audience (high graphical realism,
M = 4.98, SD = 2.15) compared to the cartoon audience (low graphical
realism, M = 4.14, SD = 2.20) (Fig. 9). A main effect of acoustic realism
(F=8.03,df=1,41p < .001, »2 = 0.018) was also found, indicating
that the human voice (high acoustic realism, M = 4.85, SD = 2.32)
induced higher anxiety compared to the robotic voice (high acoustic
realism, M = 4.27, SD = 2.07). No interaction effect graphical realism *
acoustic realism was found (F = 0.98, df = 1, 41 p < .325, 2 = 0.001)
(Fig. 8).

3.3. Physiological results

Regarding the physiological results, three participants were not
included in the analysis due to artifacts in the signals (n = 1) and data
storage problems (n = 1). Thus, the physiological analysis included a
total sample of 40 participants.

Non-specific skin conductance response (NS-SCR): No main effect of
graphical realism (F = 0.49, df = 1,39, p = .486, R? <0.001), acoustic
realism (F=1.74, df = 1,39, p =.194, R? <0.003) or interaction effect of

| EXPOSURE 4 I

STAI-T
SIAS
SPS

Fig. 4. Experimental timeline.
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graphical realism * acoustic realism (F = 2.67, df = 1,39, p = .109, R?
<0.003) regarding the NS-SCR during public speaking were found. In
order to understand the possible habituation effect due to repeated
exposure, the exploratory analysis revealed a main effect of the first
exposure (F = 21.41, df = 1,39, p < .001, R? =0.039) on NS-SCR,

suggesting a higher number of non-specific skin conductance response
during the first public speaking (M = 33.3, SD = 16.5) compared to the
following performances (M = 26.6, SD = 16.0) (Fig. 9).

Skin conductance response (SCR): No main effect of graphical realism
(F=297,df = 1,39 p = .092, 2 = 0.016) was found. A main effect of
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acoustic realism (F = 4.58, df = 1, 39 p = .045, w2 = 0.023) was found,
indicating that the robotic voice evoked higher skin conductance
response during the question (M = 0.313, SD = 0.520) compared to the
human voice (M = 0.192, SD = 0.229). No interaction effect graphical
realism * acoustic realism was found (F=1.93,df=1,39p =.171, 02 =
0.005) (Fig. 10).

3.4. Correlation matrix

3.4.1. Perceived anxiety subjective reports and physiological activity

A significant correlation was observed between perceived anxiety
and reports of the virtual reality (VR) experience. Specifically, the sense
of presence and experienced realism were positively correlated (r =
0.78,p < .001) (Fig. 11, Panel A). Additionally, both sense of presence (r
= 0.38, p < .001) and experienced realism (r = 0.40, p < .001) were
positively correlated with perceived anxiety (Fig. 11, Panel B and C).
Regarding physiological activity, the number of NS-SCR increased with
the perceived anxiety (r = 0.35, p < .001) experienced during the public
speaking performance (Fig. 11, Panel D). A positive relationship between
NS-SCR and the sense of presence (r = 0.25, p = .002) was also found.

4. Discussion

The main aim of this study was to understand the effects of graphic
and acoustic features of the designed virtual audience on anxiety levels
in a public speaking task. We measured participants’ subjective reports
concerning the perceived anxiety, the sense of presence, the sense of
overall realism (experienced realism), and the realism of the interaction
(interaction realism) in each simulated scenario (e.g., human vs.
cartoon-like audience; human vs. robotic audience voice). Electro-
dermal activity was also recorded throughout all VR exposures (NS-SCR)
and after the interactions with the audience (SCR) in order to analyze a
more implicit measure of anxiety and presence beyond explicit self-
assessment.

4.1. Anxiety levels in VR public speaking depend on the audience features

Concerning the participants’ anxiety levels evoked by the task, the
results showed significant effects of the graphic and auditory features of
the audience. As expected, more realistic virtual reality scenarios, in
terms of visual and auditory components, induced more anxiety
compared to the less realistic audience. Specifically, the perceived
anxiety increased in the case of the human audience (compared to the
cartoon) and the use of human voice (compared to the robotic voice).
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That is, both visual and acoustic aspects of the virtual audience quality ‘surprise effect’ between the first scenario and those following may have
affected self-reported anxiety during the exposure (see also (Kwon et al., affected the results. That is, most of the participants were not familiar
2013). The lack of interaction effect would seem to mean that the level with VR environments and the presence of a novel situation may have
of acoustic realism does not influence the effect of graphical realism on increased their overall level of arousal. In line with this assumption, the
anxiety levels, and vice versa. Interestingly, the effect of audience design results showed a strong arousal response during the initial part of the
(both graphical and acoustic) did not result in significant changes in overall experimental experience (i.e., a main effect of the first scenario
physiological arousal (NS-SCR) during the exposure. In this respect, a in NS-SCR), while no differences due to graphical and acoustic were
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found. Similarly to previous studies in the literature, repeated sessions of
public speaking exposure in VR decrease anxiety level, probably due to
the habituation effect against the stressful situation (Reeves et al., 2021;
Takac et al., 2019). In order to avoid these possible confounding effects,
future studies might use a between-group rather than repeated measures
experimental design to explore the effect of graphical and acoustic re-
alism on the physiological activation of public speaking performed in
virtual reality.

This experiment was based on evidence suggesting that public
speaking in VR offers a good opportunity to overcome the anticipation of
stress and anxiety in human performance (Palmas et al., 2021; Poeschl,
2017; Premkumar et al., 2021; Stupar-Rutenfrans et al., 2017; Takac
et al., 2019). As Klinger suggested, VR allows social anxiety to be
induced like in a real-life social situation but in a more controlled
environment (Klinger et al., 2005). The benefits of VR exposure training
are strictly connected to facing fearful situations while avoiding adverse
outcomes (Colombo et al., 2014; Nazir et al., 2012; Rothbaum et al.,
2000). Apart from this, VR has an additional potential: the way in which
the client/user is exposed to these fearful situations may easily be
modulated, and the training can be adapted and customized based on
the client’s needs and individual differences. In the case of public
speaking, and on the basis of our findings, the audience should be less
realistic (i.e., less similar to their real counterpart) to avoid an exces-
sively stressful situation. (Dafit Pitoyo and Asib, 2019; Pramana et al.,
2018; Ryu et al., 2018; Sailer and Homner, 2020; Su, 2016).

4.2. Relationship between anxiety, realism and sense of presence

The experimental design was also conceptualized to investigate how
each sensory component contributes to recreating a “realistic” virtual
environment, in terms of self-report and physiological responses, in
specific cases of stressful situations, such as public speaking. Under-
standing which perceptual elements are fundamental to creating a sense
of realistic experience, and its relationship with the sense of presence,
becomes a fundamental issue for the success of any training or clinical
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rehabilitation procedure in virtual reality. In fact, the sense of presence
is a key concept for obtaining realistic responses in virtual environ-
ments, comparable to those occurring during real-world reactions
(Felnhofer et al., 2014; Higuera-Trujillo et al., 2017; Ling et al., 2014;
Slater, 2002; Slater et al., 2009a). However, the sense of presence does
not necessarily coincide with experienced realism, or at least not
without having a discussion on the definition of realism itself. One of the
main issues that arises when people try to reproduce ‘reality’ is, in fact,
the question about ‘what is real’. What are the standards that humans
use to define ‘real’? Is it the exact physical correspondence between the
simulated environment and the functioning of the real world (with the
implementation of all physical laws discovered so far; something that at
the moment is computationally and practically impossible), or is it about
the perceptual level of similarity between the memory stored sensorial
experiences of the word (mental schemes) and the perception of the
simulated environment? And again, is realism related to the quality of
the interaction rather than the sensory aspects of the environment? For
this reason, it is important to investigate both presence and experienced
realism in public speaking scenarios. In our hypothesis, experienced
realism and sense of presence are connected to each other but are also
related to the sensory aspects of the simulated VR environment.

Based on this study’s results, graphical realism (being in front of a
human avatar audience) significantly affected the sense of presence and
the experienced realism during the task, while the acoustic aspect does
not seem to play a crucial role in these measures. However, concerning
the interaction with the audience (i.e., interaction realism), the acoustic
features of the environment become relevant, indicating less perceived
interaction realism in the case of a robotic voice. Indeed, despite the
presence of a human avatar, the robotic voice negatively affected the
evaluation of interaction realism with the audience. This effect is
perhaps reflected also in the perceived anxiety reported by the partici-
pants, for which the human voice (high acoustic realism) induced higher
anxiety compared to the robotic ones. Interestingly, after the presenta-
tion of the audience question, the robotic voice increased the SCR
amplitude compared to the same question presented with the human
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voice. This result might be interpreted as a break in the sense of presence
during the virtual experience, as previously reported in other studies
(Slater et al., 2006a). In general, increasing the realism of the audience
would directly affect the perceived anxiety during public speaking,
probably through a modulation in the sense of presence. As Ling re-
ported, the perceived anxiety and virtual reality quality experience re-
ports seem to be reciprocally connected (Ling et al., 2014). As far as this
point is concerned, our study showed a relationship between the sense of
presence and experienced realism: the higher the experienced realism,
the higher the sense of presence. Both realism and presence resulted in
being positively correlated with perceived anxiety. In fact, a positive
correlation between the sense of presence and non-specific skin
conductance responses during the exposure was found, which might
confirm the use of physiological arousal as a marker for presence in
virtual environments (Gertler et al., 2020; Grassini and Laumann, 2020;
Niles et al., 2015; Riva et al., 2003). As well, non-specific skin conduc-
tance responses resulted in being positively correlated with the anxiety
reported by the participants.

The considerations emerging from this study might be taken as valid
suggestions for training applications in virtual reality. For example,
using a cartoon audience instead of real characters might be a powerful
tool for learning social and individual skills, and more in general, for
behavioral change to occur (Cleto, 2020; Pereira et al., 2014; Sailer and
Homner, 2020). That is, creating a game where people have to interact,
also verbally with cartoons might contribute to address public speaking
issues through a less stressful approach in the overall population (Gri-
vokostopoulou et al., 2017; Ryu et al., 2018). It seems clear that cartoon
avatars appear as a lower-stress environment compared to a human
avatar-based audience. Regarding this, Bailenson advanced the concept
of transforming social interactions by means of computed mediated
communication, to promote behavioral changes through environmental
changes (Bailenson and Yee, 2008). In one of these studies (2005) eye
gazing of virtual avatars was modified to increase a user’s persuasive-
ness during a virtual reality listening task (Bailenson et al., 2005a). In
the field of public speaking training, Bellido-Rivas and colleagues tested
the effect of two-session speaking training in front of a cartoon audience
while the participant embodied a cartoon avatar, compared to a group
that embodied a human avatar and spoke in front of a human audience
(Bellido Rivas et al., 2021). Both groups performed the last exposure in
front of a human audience. The authors reported no effect of cartoon
training, while the group exposed to the human avatar decreased their
anxiety. However, this lack of improvement in anxiety state after the
cartoon audience speech training in their study might be related to the
fewer sessions of training adopted. In fact, in their protocol, the group
exposed to the cartoon avatar shifted after just two training sessions into
the human avatar condition, while the control group performed all three
speaking conditions in front of a human avatar audience, whereby
habituation effects were likely stronger. Moreover, the perceived anxi-
ety was measured by state anxiety questionnaires only. It might be
possible that the use of gamification strategies based on less realistic
avatars (i.e., cartoons) for the modulation of public speaking anxiety
may require more than two sessions in order to be effective, and/or the
addition of further manipulation of avatar behavior (Pertaub et al.,
2002; Premkumar et al., 2021). Undoubtedly, more evidence is required
to fully understand the impact of less realistic avatars on public speaking
anxiety.

It is important to considered that, in a multi users’ simulation within
virtual environments (human to human or human to Al avatar), another
fundamental aspect that should be considered beside presence is the
concept of ‘social presence’ (Blascovich et al., 2002; Bulu, 2012; Oh
et al., 2018b; Yoon et al., 2019). Social presence may be defined as the
“sense of being with another”, for which user-avatar interactions in
virtual environments “are felt to be real”. Although in the present
experiment, social presence was not directly investigated by means of
specific questionnaires, we measured the interaction realism perceived
after each exposure (the realism of the interaction with other avatars in
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the simulated scenario). We found that both acoustic and graphical re-
alism increased the interaction realism perceived during the simulation,
perhaps suggesting that social presence can be, at least in part, deter-
mined by the degree of (multisensory) realism of the virtual scenario,
rather than by visual aspects only. However, given that only one state-
ment on the interaction realism was used in this study and that a more
direct assessment of social presence was not adopted (also due to the
lack of a validated scale in the Italian language) we cannot draw any
firm conclusions on this aspect. Moreover, in the present study, we used
a robotic voice coupled with human vs. cartoon avatars to manipulate
the acoustic realism of the audience. It is worth noting that the robotic
voice used might be perceived as unfamiliar and impersonal to the
participants. Conversely, a cartoon voice (e.g., coupled with the cartoon
avatar with a voice more similar to the one used in film animation)
might affect the perceived anxiety and realism differently. In a previous
study, Higgins, et al., investigated how synthetic voice affects social
presence, emotional reaction and discomfort toward virtual avatar, in
immersive and non-immersive environments (Higgins et al., 2022). The
authors reported no effect on social presence and a partial modulation of
emotional reaction using a synthetic (human-based) voice in the virtual
environment condition. On the contrary, social presence decreased if the
interaction occurred in a non-immersive environment where a synthetic
voice based on the text-to-speech system was presented (i.e., lower
acoustic realism level than the human-based robotic voice) (Zibrek
et al., 2021). That is, sound design is becoming an exciting aspect to
understand better the relationship between experience, presence, and
anxiety within public speaking tasks performed in a virtual environment
(Gabory and Chollet, 2020). Further research should then be addressed
to the question of how our perception weights acoustic and visual in-
formation in virtual environments and to define the amount of mismatch
between visual and acoustic information that can be tolerated by the
participants in order to perceive the virtual environment as realistic
(also from a social point of view). We believe that the topic related to the
role of multisensory cues in determining social presence (and its rela-
tionship with perceived anxiety in virtual public speaking) should be
carefully considered in future studies. In fact, the possibility of inter-
acting in social worlds through virtual reality — metaverses — may offer a
very promising field of study in the years to come. As the last point, the
present study did not directly manipulate the behavioral realism of the
audience, keeping uninvestigated if and how behavioral realism in-
teracts with the graphical and acoustic features in VR public speaking
simulation (Guadagno et al., 2007; Herrera et al., 2020). In our simu-
lation, both human and cartoon avatars express movement and gesture
(i.e., head movement, hand movement, eye blink, eye gazing, applying
as similar as possible to the cartoon audience) during the participant’s
speech to increase the fidelity of the virtual simulation, also to avoid
confounding effect driven by different level of behavioral realism. It is
safe to assume that the high level of behavioral realism might have
increased the perceived anxiety, the realism experienced, and the
presence, presumably in the same way for all the simulations presented
to the participants. An interesting question is whether and how graph-
ical and acoustic realism impact the perceived anxiety without the
presence of realistic behavior by the audience since it has been sug-
gested a sort of “congruency effect” between graphical and behavioral
realism (i.e., lack of gestures or incongruent behavior might impact
more in case of a human avatar than cartoon avatar, for which no spe-
cific behavior is expected) (Bailenson et al., 2005b; Chollet and Scherer,
2017), future investigations need to address how graphical and acoustic
realism effect depends by the behavioral realism expressed during the
virtual social interaction.

5. Limits of the study
The findings of this study should be considered in light of certain

limitations. Firstly, the study included only healthy (young) partici-
pants, and we cannot exclude the possibility that clinical participants
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might be differently affected by the realism of the scene. That is, patients
might be more sensitive than other people to even lower levels of real-
ism. This important topic should also be addressed in the years to come.
Additionally, the speech argument used in our study (a recipe) was not
so difficult or personally relevant (e.g., compared to talking about more
private or personal topics; or topics that are considered more anxio-
genics by the participant). It could be interesting, in future studies, to see
how the graphical and acoustic aspect affects perceived anxiety in the
case of more personally-relevant speeches. Moreover, the study did not
find any difference in terms of physiological responses with respect to
the audience features. This is probably related to a “ceiling effect” due to
the strong arousal activation elicited by the first experience, which
masked any possible difference in the scenario presented. Future studies
should address this question by means of a between-subjects design
across conditions.

Another limit is related to the lack of more standardized measures of
presence (and social presence) after each exposure. We did not use self-
assessment questionnaires for these variables after each condition in
order to avoid experiment overlength and participants’ fatigue. Given
that our primary outcome was the perceived anxiety during the public
speaking task, we avoided using a long questionnaire session that could
have affected the performance of the participants. The lack of a stan-
dardized version of the questionnaire in the Italian language compro-
mised the possibility of using specific subscales for the purpose of
analyzing further presence and social presence. Given the importance of
the social presence concept inside the interactive virtual environment,
future studies will need to accurately explore the relationship between
realism and social presence within public speaking scenarios.

6. Conclusions

In conclusion, this study showed that the audience features, in terms
of graphical and acoustic realism, can modulate the perceived anxiety
during a virtual reality public speaking exposure. Increasing the audi-
ence’s multisensory realism directly affects the capabilities of a virtual
environment to induce public speaking anxiety. This modulation would
seem to be related to the sense of presence, the experienced realism, and
the realism of the interaction experienced by participants within the
virtual environment. We also showed that participants’ anxiety levels
correlated with the sense of presence and the perception of realism in the
simulated environment. Moreover, we found a positive correlation be-
tween physiological arousal (NS-SCR) and anxiety levels, sense of
presence (the more presence, the more anxiety, the more physiological
arousal). Taken as a whole, the results of the present experiment may be
taken to suggest the importance of investigating both the visual and
acoustic properties of an environment in order to modulate participants’
anxiety in a possible exposure therapy or training application.
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