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ABSTRACT

Public speaking is central to socialization in casual, professional,
or academic settings. Yet, public speaking anxiety (PSA) is known
to impact a considerable portion of the general population. This
paper utilizes bio-behavioral indices captured from wearable de-
vices to quantify the effectiveness of systematic exposure to virtual
reality (VR) audiences for mitigating PSA. The effect of separate
bio-behavioral features and demographic factors is studied, as well
as the amount of necessary data from the VR sessions that can
yield a reliable predictive model of the VR training effectiveness.
Results indicate that acoustic and physiological reactivity during
the VR exposure can reliably predict change in PSA before and
after the training. With the addition of demographic features, both
acoustic and physiological feature sets achieve improvements in
performance. Finally, using bio-behavioral data from six to eight
VR sessions can yield reliable prediction of PSA change. Findings
of this study will enable researchers to better understand how bio-
behavioral factors indicate improvements in PSA with VR training.
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1 INTRODUCTION

Speaking effectively to an audience is an essential skill in many
facets of life, most importantly in the workplace. Yet, 15-30% of the
population faces public speaking anxiety (PSA) [15], which impedes
much of their academic and professional work and causes signif-
icant distress [34]. PSA is a communication-based disorder that
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involves physiological arousal, negative cognition, and behavioral
reactions in response to a real or anticipated enactment of oral pre-
sentation [8]. Both self-reported and signal-based measures have
been employed to quantify PSA. The former refers to the speakers’
own views obtained through self-assessments, while the latter in-
cludes physiological responses of the autonomic nervous system
(e.g., cardiovascular and electrodermal activity (EDA)), speech in-
tonation, and visual information [1, 5, 11, 45]. Some individuals
have different experiences of PSA than others. Female speakers
tend to exhibit higher self-reported anxiety and physiological re-
activity while speaking in public, compared to male speakers [6].
Non-native English speakers may have high fear of negative eval-
uation that can cause anxiety [26, 32, 39]. Prior works have also
identified racial differences to PSA [13].

Several methods have been proposed for mitigating the negative
effects of PSA. Cognitive restructuring attempts to teach individuals
how to identify, evaluate, and modify negative feelings related to
public speaking [3]. Frequent exposure to public speaking can yield
the systematic desensitization of the stimuli and has the potential
to gradually alter perceived negative thoughts in relation to public
speaking [4]. Systematic exposure has been achieved with individu-
als presenting in front of a small-size real audience [23, 46], as well
as through visual and virtual reality (VR) interfaces [5, 18, 19, 33].
Such interfaces rely on the provision of diverse naturalistic public
speaking stimuli, rendering them potentially effective means to
reducing PSA. The combination of VR exposure through multiple
sessions (i.e. 4, 8) with cognitive restructuring has also been ex-
amined [2, 17, 43]. PSA treatments depict differential benefits for
different groups of individuals. For example, cognitive restructur-
ing was found to benefit more individuals with high social anxiety
compared to their low anxiety counterparts [16, 38].

Previous studies in organizational and industrial psychology
have attempted to predict the effect of computerized or guided job
training modules using experiences from their past implementa-
tions in other locations [7, 20]. Employees’ cognitive and affective
reactions to such programs were found useful for predicting train-
ing success [41]. Yet, the literature in predicting the success of
training interfaces is limited. To the best of our knowledge, it is not
clear whether the effectiveness of VR training in mitigating PSA can
be predicted from the individuals’ reactivity, as well as the extent of
training that is needed. In this paper, we examine the effectiveness
of VR training in mitigating PSA through the following research
questions:

e RQ1: Does VR training through systematic exposure to pub-
lic speaking mitigate PSA?

e RQ2: Can we predict the effectiveness of the VR training by
measuring individuals’ bio-behavioral responses during the
training?
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e RQ3: Are there specific bio-behavioral indices and individ-
ual characteristics that are the most helpful in predicting
changes in PSA occurring by VR training?

¢ RQ4: How many VR training sessions are needed to predict
the effectiveness of the corresponding training?

To answer these questions, we conducted a research study that
involved public speaking training with eight VR sessions. Physio-
logical and acoustic indices were collected during the study, and
pre-post differences before and after training were assessed through
statistical analysis. Results demonstrated significant changes in PSA
before and after VR training sessions. Bio-behavioral features can
reliably estimate change in PSA with moderate to high Pearson’s
correlation of (r = 0.49, p < 0.05), when acoustic features are used.
Addition of demographic factors further improves prediction per-
formance. Finally, results indicate that data from six to eight VR
training sessions is beneficial to the prediction of change in PSA.

2 PREVIOUS WORK

Prior works have focused on improving public speaking skills and
mitigating PSA using diverse techniques. Batrinca et al. [5] and
Chollet et al. [12] developed Cicero, a 2D avatar, that provides vi-
sual feedback to guide individuals through the public speaking task.
Kimani et al. [22] proposed a virtual coach to promote the restruc-
turing of negative thoughts during the public speaking encounter
in the VR. Yadav et al. [45] and Sakib et al. [33] explored the effect of
VR training for mitigating PSA using physiological and acoustic in-
dices. These studies indicate that PSA can be reduced via systematic
exposure to public speaking encounters, which can potentially lead
to the desensitization of threatening stimuli [8]. Previous studies
explored several ways to elicit PSA, including presenting pictures
of social stimuli (e.g., faces) [14], instructing speech delivery to an
imaginary audience [35], or presenting in front of a small-size real
audience [23, 46]. VR can simulate a wide variety of naturalistic
encounters that can be used for PSA exposure [27, 37]. VR expe-
riences can elicit public speaking distress and repeated speaking
sessions in VR can decrease anxiety levels [38, 40]. Harris et al. [17]
used 4 such VR sessions for cognitive restructuring to reduce PSA,
while Anderson et al. [2] and Wallach et al. [43] proposed cog-
nitive behavioral therapy for PSA though 8 VR sessions. Despite
promising results, the aforementioned studies have used statistical
analysis to identify significant reduction in PSA without exploring
the prediction of the PSA treatment effectiveness. Beyond PSA,
previous studies in skill training have attempted to predict future
performance as a function of training history [20, 41]. These works
suggest the usefulness of modeling the process of skill acquisition
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Figure 1: Distribution of participants based on demographic information.
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and retention for predicting training effectiveness [21]. Predicting
the potential benefit of a VR treatment to PSA might inform the
design of effective training interfaces.

The contributions of this research to the existing body of knowl-
edge are the following: (1) Previous works have explored models
of state-based anxiety from bio-behavioral signals within a given
presentation [11, 45], while this work aims to predict change in
trait-based anxiety from the bio-behavioral data collected during
VR training; (2) Previous works on VR training have identified a
decrease in PSA after the end of the VR training through statistical
analysis [19, 40]. Prediction of the potential benefit of VR training
has not been performed; and (3) The extent to which individual
characteristics moderate the association between PSA change and
bio-behavioral measures has not been widely explored.

3 DATA DESCRIPTION

Our data comes from a laboratory user study with 23 participants
(Fig. 1), who completed 10 public speaking sessions over a span
of 2-3 weeks [45]. The study lasted 4 days per participant, where
Days 1, 4 involved a single public speaking encounter with a real-
life audience, and Days 2, 3 included the VR training (4 sessions
per Day). Grounded on systematic desensitization treatments (Sec-
tion 2), the public speaking training included 8 sessions in which
participants had to present about news articles from topics of gen-
eral interest in front of different types of VR stimuli. Participants
were given 10 minutes to prepare for each presentation. Similar
to prior works on VR training for PSA [13, 28, 33], 12 VR settings
were generated based on different room conditions (i.e., board room,
classroom, small theater, seminar room), audience reactions (i.e.,
negative, neutral, positive), and audience sizes (i.e., 12, 25, 54, 90).
Each participant was randomly assigned to 8 of the 12 VR settings.
Virtual environments were constructed through the Virtual Orator
software [25] and displayed via the Oculus Rift headset [29]. Eval-
uation of PSA was performed in a pre-post experimental design,
where each participant had a public speaking encounter with a
real-life audience before and after the VR training.

Participants wore a wrist-mounted Empatica E4 [44] that col-
lected EDA, blood volume pulse (BVP), body temperature, and 3-axis
acceleration at sampling rates of 4, 64, 4, and 32 Hz, respectively.
A Creative lavalier microphone was used to record presentations
with a 16 kHz sampling rate and 16-bit recording. Demographic
information of the participants were also collected. Demographic
features included age, gender, ethnicity, and whether the corre-
sponding participant was a native English speaker (Fig. 1). These
will be referred to as “Age,” “Gender,” “Ethnicity,” and “Language,’
respectively, in the rest of the paper. PSA was evaluated before



and after the VR presentation through the Communication Anxiety
Inventory (CAI) [10]. Participants completed CAI at the beginning
of Days 1 and 4. The relative change in CAI before and after the VR
training serves as an estimate of the the improvement in PSA. This
assessment was chosen due to its relevance to PSA specifically.

4 METHODOLOGY

We will describe the pre-processing and feature extraction (Sec-
tion 4.1), followed by the data analysis performed to answer our
research questions (Sections 4.2).

4.1 Data pre-processing and feature extraction

Consistent with prior works [24, 36, 45], pre-processing of the data
included EDA outlier detection and replacement using linear inter-
polation, as well as voice activity detection (VAD) on audio signals
to identify the presence and absence of speech. Feature extraction
has been performed on both physiological and audio signals. Phys-
iological features include 8 indices— mean skin conductance level
(SCL), skin coductance response (SCR) amplitude and frequency,
average heart rate, blood volume pulse (BVP), inter-beat interval
(IBI), body temperature, and body acceleration. Acoustic features in-
clude 15 measures- the first 12 Mel-frequency cepstral coefficients
(MFCC), jitter, shimmer, and number of pauses, since these have
been found indicative of anxiety and emotional strain [11, 24, 42].

4.2 Data analysis

In order to answer RQ1, we perform a right-tailed paired t-test to
identify significant differences in PSA before and after VR training.
We answer RQ2 by performing machine learning experiments to
predict the relative change in CAI before and after the VR training.
Bio-behavioral features from VR sessions were used to fit a line for
each participant, and the slope of this line was used as an input
feature to predict change in CAI (Fig. 2). Regression models are
evaluated through a 10-fold cross-validation. We note that each
sample corresponds to a speaker, therefore there is no data con-
tamination from the same speaker between training and test set.
Pearson’s correlation coefficient (r) between actual and estimated
change in PSA is used as evaluation metric for the model.

We further explore RQ3 through statistical analysis and ma-
chine learning experiments. Statistical analysis includes a linear
regression model to examine interactions between bio-behavioral
features and demographic factors (i.e., Age, Gender, Language, and
Ethnicity). Change in CAI is the dependent variable Y, while a
bio-behavioral feature F, a demographic factor D, and their in-
teraction are the independent variables of the model (ie., Y =
c1-F+cz-D+cs- F- D). Machine learning experiments are further

Number of pauses
2

Skin conductance level

1 2 7 8 1 2 7 s

3 3 5 G
Virtual reality sessions

(b) Skin conductance level

T
Virtual reality sessions

(a) Number of pauses
Figure 2: Examples of slopes across sessions used as features.

performed to estimated change in CAI in cross-validation frame-
work, as in RQ2. The input features include different groups of
acoustic and physiological features and their combination, in order
to identify the usefulness of each group in the prediction task. We
also add demographic factors in the feature space for conducting
the regression task.

We finally answer RQ4 by performing another linear regression
model to predict changes in PSA before and after the VR training.
Instead of estimating the slope of bio-behavioral features from all
eight sessions, as in RQ2 and RQ3, we used only features from
first K sessions (K = 2.. ., 8). Evaluation of the regression models
was performed as in RQ2. Results are visually inspected in order to
identify temporal trajectories of the effectiveness of our approach in
predicting PSA change using data from the first K training sessions.
5 RESULTS
In response to RQ1, results indicate significant differences in CAI
before and after the VR training (¢(22) = 2.64, p < 0.01). It depicts
that CAI scores among participants before training are significantly
higher than CAI scores after training. For answering RQ2, the
bio-behavioral features obtained from the eight VR sessions can
successfully predict change in PSA in various cases (Table 1). Acous-
tic features appear to be useful in predicting the change of scores
across VR training sessions with the combination of MFCCs and
number of pauses performing the best (r = 0.49, p < 0.05). Physio-
logical features demonstrated reduced predictive power (r = 0.18,
p = 0.45). Each physiological feature was tested alone as well, and
none had improved performance as compared to all physiological
features combined. The slight difference with respect to the number
of samples in the experiments stems from the fact all features were
not available for all participants.

In response to RQ3, we examine the interaction effect between
bio-behavioral features and demographic factors. We find that only
Gender exhibited significant interaction effects with individual fea-
tures (Table 2). Acoustic features, and specifically shimmer, depict

Table 1: Pearson’s correlation coefficient (r) between actual and predicted change in public speaking anxiety using the slope
of bio-behavioral features across the eight virtual reality sessions and individuals’ demographic characteristics.

Bio-behavioral # Samples Features Features Features Features Features
features only & Age & Language & Ethnicity & Gender
Physiological 19 0.18 0.20 0.55* 0.30 0.02
Jitter, shimmer 22 -0.16 0.25 -0.32 -0.19 -0.31

# Pauses 23 0.40 0.47% -0.04 0.43% 0.31
MFCC 22 0.42* 0.35 -0.03 0.47* 0.37
MFCC, # pauses 23 0.49* 0.42% -0.08 0.55* 0.46™
MFCQC, jitter, shimmer 22 0.20 0.04 0.34 0.33 0.13
MFCC, jitter, shimmer, # pauses 23 0.47* 0.46* 0.19 0.43* 0.45*

*p < 0.05 **: p <0.01
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The green circle and the red diamond markers indicate significant correlations (p < 0.05 and 0.01, respectively).

significant interaction effect with gender (c3 = —0.73, p = 0.02).
From the machine learning experiments (Table 1), the addition of
demographic features can aid in the estimation of change in PSA.
Age, Language, and Ethnicity were all found to best contribute to
the correlations. Language information improved the correlation of
the physiological features (r = 0.55, p < 0.05), but had no benefit on
the acoustic. Age had a similar but reduced effect on physiological
features (r = 0.20, p = 0.42) and depicted increased correlations
with the number of pauses (r = 0.47, p < 0.05). Ethnicity was found
to contribute to the feature set consisting of MFCCs and pauses
(r =0.55, p < 0.01), and slightly to the MFCCs (r = 0.43, p < 0.05)
and pauses (r = 0.47, p < 0.05) alone.

Table 2: Regression coefficients obtained from linear regres-
sion with bio-behavioral features and gender.

Feature Feature (c1) Gender (c2) Interaction (c3)
SCR Frequency -0.18 0.23 -0.01
Number of pauses -0.97" -0.33 087"
Shimmer 0.87" 0.38" -0.73"

*p < 0.05,**: p < 0.01
Finally for RQ4, we observe that the proposed models become
more accurate in predicting change in PSA when including a large
number of VR sessions (Fig. 3). A saturation is observed for the
acoustic features, when reaching six to eight VR sessions (Figs. 3(a),
(b)). It is also noteworthy that the MFCCs achieve good performance
even when including the corresponding measures from only the
first three sessions (Fig. 3(c)).

6 DISCUSSION

Our study revealed several interesting findings. Results indicate that
individuals’ bio-behavioral reactions obtained during the VR ses-
sions can predict the effectiveness of the corresponding treatment
in mitigating PSA, with acoustic measures being better indicators
compared to physiological ones. Individual factors depict signifi-
cant interactions with bio-behavioral features and can benefit the
predictive ability of the machine learning models. Another poten-
tial reason that can explain the benefit of demographic factors is
that many of the corresponding bio-behavioral measures are influ-
enced by such factors. For example, acoustic features are heavily
influenced by gender, age, and accent [9], therefore incorporating
those factors in the feature space allows the models to learn the

corresponding interactions. Table 2 exhibits significant interaction
effects of gender and acoustic features. Inclusion of gender with the
same features enhanced the predictive power of the model, as seen
in Table 1. Finally, pauses alone were able to predict the effective-
ness of VR training at a high degree. Prior work has highlighted the
significance of pauses in capturing cognitive and affective processes
in spontaneous speech [30, 31], which might be a potential reason
for the high predictive ability of this feature.

The results reported in this paper should be considered in the
light of the following limitations. Due to the longitudinal nature of
the study, there are a relatively small number of participants, all of
whom are either undergraduate or graduate students. This stage in
life is often associated with public speaking in university classes
and first job interviews, but additional study with an older user
group may benefit adults who still experience public speaking anx-
iety. Additionally, the study discussed the effects of eight training
sessions within a short span, which might introduce habituation
effects. As part of future work, participants may complete more
sessions over a larger period of time in order to reduce habituation
and study how much training is needed. Finally, a control condi-
tion was not examined in this study. Comparing the VR training
to another type of training (e.g., real-life audience) might afford
us additional insights into the specific cognitive and psychological
processes that are attributed to the VR environment.

7 CONCLUSION

This paper examined quantifiable estimators of change in PSA
before and after VR training and the extent to each repeated VR
sessions to alleviate PSA. Results identified specific sets of acoustic
and physiological features that can predict change in PSA, with
demographic factors substantially improving the predictive ability
of the model. Effective prediction of the PSA change can occur by
including data from six to eight VR sessions. The results create new
opportunities for future work, such as determining if the reduction
in anxiety lasts over long periods of time. Future research may
also involve improving on the limitations of this study, including
the collection of a larger sample size and repeating the study with
groups beyond university students.
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