
  

 

Abstract—Public speaking anxiety (PSA) is a fear of speaking 

in front of others. Most people experience a certain amount of 

anxiety in public speaking situation. This study aims to help 

people overcome PSA using an interactive VR simulation 

system with real-life scenarios. We present a multimodal VR 

speech simulation system using autonomous audience with 

natural non-verbal behavior to enhance users’ sense of presence. 

Additionally, real-time multimodal feedback is produced by 

virtual audience based on users’ public speaking behavior 

which automatically analyzed by multimodal sensors (e.g. 

microphone, motion capture, heart rate monitor). We perform 

an evaluation based on self-assessment questionnaires and 

biometry to investigate three study conditions: (I) control 

condition (baseline), (II) interactive virtual audience, and (III) 

virtual audience with natural non-verbal behavior. We divided 

participants into two groups with different conditions: 

interactive virtual audience condition (n = 7) and virtual 

audience with nature non-verbal behavior condition (n = 9). The 

results indicate that the usage of a virtual audience with natural 

non-verbal behavior increased a higher sense of presence and 

more anxiety-provoking. 

 
Index Terms—Public speaking anxiety, virtual reality, 

autonomous virtual audience, non-verbal behavior.  

 

I. INTRODUCTION 

Public speaking anxiety (PSA) is the most common social 

phobia among most people. In DSM-V[1], anxiety disorders 

are categorized into (1) panic disorder, (2) 

obsessive-compulsive disorder, (3) agoraphobia, and (4) 

social anxiety disorder (SAD). Since previous studies [1], [2] 

suggested that public speaking anxiety is a distinct subtype of 

SAD, we need to define SAD first. SAD is defined as the fear 

of interaction with other people that brings on 

self-consciousness arising from a fear of being closely 

watched, negatively judged and evaluated. As a result, SAD 

leads to avoidance of social interaction.  

PSA is a fear of speaking in front of others. The fear causes 

clinically significant distress or impairment in social, 

occupational, or other important areas of functioning [3]. [4] 

indicated that around 85% of the general population 

experiences a certain amount of anxiety in public speaking 
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situation, which might lead to underperformance in school or 

at work, disturbed interpersonal relationships or even truancy 

[5]. High anxious people in public speaking tend to have a 

higher heart rate [6]. Also, they are more self-focus, which 

means they lose track of their surroundings while presenting 

[7], [8]; moreover, they are the lack of self-confidence in 

being successful in public speaking [9]. [10] showed that 

virtual reality exposure therapy (VRET) improved on 

participants‟ reduction in public speaking anxiety levels.  

This work is aim to help people overcome PSA through the 

use of implement of the autonomous audience with natural 

non-verbal behavior. We are constructing a multimodal VR 

speech simulation system to achieve two-phase goals: (I) 

Using autonomous audience with natural non-verbal behavior 

to construct a speech simulation system with a high sense of 

presence (II) The well-structured system used as an automatic 

speech training system which can provoke as much anxiety as 

in reality. 

 

II. RELATED WORK 

A. Virtual Audience 

Virtual audiences are being used as part of exposure 

therapy for individuals with SAD (Social anxiety disorder) 

[1] and speech anxiety [11] by exposing them to situations 

they fear in VR environment. [12] found that the speakers‟ 

anxiety levels differed when they faced a neutral static 

audience, a positive audience, and a negative audience, 

respectively. Studies on stress responses explored variations 

of stress tests using supportive and non-supportive audiences 

[13], [14]. [15] designed a flexible behavioral style which 

allows a human operator to set and control the virtual 

audience‟s behavioral styles. A listening agent with simulated 

backchannel (head nodding and smiling) can improve the 

rapport in the human-agent interaction [16]. 

B. Public Speaking Performance 

Ref. [17] explored three different feedback strategies for 

public speaking, namely the use of (1) a non-interactive 

virtual, (2) a direct virtual feedback, and (3) a nonverbal 

feedback from an interactive virtual audience. Their 

experiments show that the interactive virtual audience 

improved public speaking skills as judged by experts. 

Lastly, we defined the problems of the existing simulation 

system on PSA: (1) no real-time feedback based on 

multimodal information, (2) lack natural non-verbal behavior 

variability, and (3) focused on the small crowd of a 

conference room. 
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C. Research Questions 

We identify three research questions before constructing 

our system: 

RQ1: How the use of virtual audience with natural 

non-verbal behavior enhances users‟ presence? 

RQ2: How the feedback strategies differ the varieties of 

users‟ anxiety levels? 

RQ3: How to render hundreds of virtual audiences with the 

limited workload? 
 

III. IMPLEMENTATION 

A. System Overview 

Our speech simulation system is composed of 2 Engines, 2 

Generators, and 2 modules. Fig. 1 illustrates the framework 

of the integrated system and the composition of the 

autonomous audience. Fig. 1 illustrates the framework of the 

integrated system and the composition of the autonomous 

audience. This simulation system has been developed using 

Unity and models of auditorium and avatars‟ clothes are 

designed by using 3ds Max, SketchUp, and Adobe Fuse CC. 

Additionally, we design our system to simulate a procedure 

setting of agents entering an empty auditorium gradually in 

order to measure the dynamic variation of anxiety. 
 

 
Fig. 1. The framework of the speech simulation system. The arrows (➔) in 

the diagram illustrate the information flow. 
 

B. Research Question 

RQ3. To render hundreds of virtual audiences, the native 

approach is to design as many avatars as possible. Whereas 

such an approach is difficult to achieve since it would require 

massive memory usage and computing load. Hence, we 

adopted Unity Multipurpose Avatar (UMA) and Level of 

detail (LOD) approaches [18] for our system. Our customized 

avatars were generated based on UMA which could share 

content across avatars using the same mesh and calculate all 

overlays to one single atlas. Additional, LOD made the 

rendering resolution adjustable according to the distance 

between the Agents and the User, and also the looking 

direction of the User.  
 

IV. METHODS AND MATERIALS 

A. Experimental Design 

We aimed to investigate how the use of virtual audience 

with natural non-verbal behavior enhances users‟ presence 

and users‟ anxiety levels by comparing with previous works 

[17]. To this effect, we had participants delivered 2 speeches 

with our speech simulation VE (cf. Fig. 2), i.e. we compared 

users‟ presence and users‟ anxiety levels, between each phase 

and both groups 

In each speech session, there were 4 phases.  

Phase 1: participations instructed to keep silent and 

standby for 3 minutes in real world (baseline) 

Phase 2: participations instructed to keep silent and 

standby for 3 minutes in VR 

Phase 3: follow-up phase 2, from virtual audience start 

entering the virtual auditorium to the end of the speech 

Phase 4: silence time after VR in the real world (3 

minutes) 
 

 
Fig. 2. Participants were asked to present the same topic at the 1st speech, 

and a random topic at 2nd speech. 

 

B. Procedures   

This study protocol was approved by the ethics committee 

of the Waseda University. Participants were instructed to 

present two topics from [19] during 5-minute presentations 

(cf. Fig. 2). They were asked to prepare the slides for those 

presentations and send it before the day of the study. Before 

the first presentation, participants completed the 

questionnaires on Personal Report of Confidence as a 

Speaker Questionnaire (PRCS) [20], and Health 

Questionnaire to make sure subjects are in a normal health 

condition. In addition, participants were asked to wear a 

wireless heart rate monitor (myBeat-WHS-1) to measure the 

presenter‟s the anxiety levels in run-time. We divided 

participants into to 2 types of feedback strategies, one is 

interactive virtual audience [17] (Group A) and the other is an 

interactive virtual audience with nature non-verbal behavior 

(Group B). Each participant delivered 2 speeches (cf. Fig. 2). 

They were asked to present the same topic in front of a 

passive non-interactive virtual audience at first speech. 

We compared the varieties of users' presence and users' 

anxiety between conditions 1) to 2), 2) to 3), and 1) to 3). 

1) Control condition (Non-interactive virtual audience): No 

feedback during the speech. 

2) Interactive virtual audience condition in [17]. 

Non-verbal feedback during speech 

3) Interactive virtual audience with Natural non-verbal 

behavior condition. Nature non-verbal feedback during 

speech: higher variability of behaviors (e.g. yawning, 

falling asleep, using smartphone, applause) 

In this study, the virtual audience was displayed using 

HMD (Oculus Rift). The slides made by participants were 

loaded into a virtual screen board, and participants can 

control it by Oculus Touch controller. Besides, Microsoft 

Kinect placed in front of the laptop capturing the body 

movement of the presenter. After each speech, the 
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participants were asked to complete a Presence Questionnaire 

[21]. 

C. Participants and Dataset   

In this study 19 people participated (paid 2500 JPY), 14 of 

which were recruited at a university and 5 were recruited 

from two companies. The dataset consisted of 11 males and 6 

females with an average age of 23 years and standard 

deviation of 3.212 (3 data records had some technical 

problems leaving). 16 healthy participants were divided into 

two groups, with 7 to interactive virtual audience condition 

(Group A) and 9 to the interactive virtual audience with 

nature non-verbal behavior condition (Group B). 

D. Data Acquisition 

1) Self-assessment questionnaires 

All participants completed the questionnaires on Personal 

Report of Confidence as a Speaker Questionnaire (PRCS) [20] 

before the first speech. PRCS is a commonly used to assess 

people‟s fear of public speaking. After each speech, the 

participants completed a 32-item Presence Questionnaire 

(PQ) [21] asking them to rate on a 5-point scale for measuring 

the sense of presence experienced in a virtual environment 

(VE). 

2) Biometry 

Participants were asked to wear a wireless heart rate 

monitor (myBeat-WHS-1) with the textile strap before the 

first speech. The R-R interval (RRI) time series were 

measured by heart rate monitor. Data acquisition was 

initiated 3 min after the start of each speech session to have 

stabilized hemodynamics. 

We removed the outliers in the RRI time series by 2.5 SD 

above or below the mean in each phase. Besides, to eliminate 

individual differences, the mean RRI of phase 1 has been 

viewed as 100% as a baseline to measure the relative variance 

of mean RRI of phase 2 to phase 4 (cf. Fig. 3). The 

differences between the mean of RRI‟s variation in each 

phase and the study groups were analyzed by a one-way 

analysis of variance. 
 

 
Fig. 3. Phase 1 based mean of RRI. The values inside parentheses represent 

standard error. 

 

V. RESULTS 

A. Self-Assessment Questionnaires 

A one-way analysis of variance between conditions was 

applied. We observed a statistically significant difference 

among conditions (cf. Table I). In PQQ3 (F (1, 14) = 7.213, p 

= 0.018), “ How natural did your interactions with the 

environment seem?”, the presenters in the nature non-verbal 

behavior condition (M = 3.667, SD = 0.866) felt significantly 

more natural interactions with the environment than the 

interactive condition (M = 2.429, SD = 0.976). In PQQ7 (F (1, 

14) = 5.866, p = 0.030), “How natural was the mechanism 

which controlled movement through the environment?”, 

participants in nature non-verbal behavior audience condition 

(M = 3.556, SD = 0.882) felt nature about the controlled 

movement significantly more than compare with interactive 

audience condition (M = 2.429, SD = 0.976). Furthermore, a 

significant difference among condition (II) and (III) was 

found, whether participants felt higher a sense of moving 

around (stage usage) in front of an audience with natural 

non-verbal behavior (PQQ18; F (1, 14) = 12.337, p = 0.004). 

The natural non-verbal behavior condition (M = 4.000, SD= 

0.756) was rated as significant higher sense of body moving 

inside the VE than the interactive condition (M = 2.429, SD = 

0.976).  

 
TABLE I: PRESENCE QUESTIONNAIRES RESULTS. * P < 0.1, ** P < .05 

 
 

Besides, we found a significant difference between control 

condition and natural non-verbal behavior condition (within 

group B) in PQQ2 (F (1, 16) = 6.630, p = 0.022). The natural 

non-verbal behavior condition (M = 3.667, SD = 1.118) was 

rated as significantly more responsively feedback to the 

actions that presenters performed than the control condition 

(M = 2.444, SD = 0.882).  

B. Biometry 

Here, we report the differences between conditions using 

the baseline (mean RRI of phase 1) to measure the relative 

variance of mean RRI of phase 2 to phase 4. We observed a 

statistically significant difference (F (2, 29) = 6.677, p = 

0.004) among of RRI variance from phase 2 to phase 3 

between condition (II) and (III). The natural non-verbal 

behavior condition (M = -9.364, SD = 3.644) significantly 

more anxiety provoking than the interactive condition (M = 

-4.166, SD = 1.539).  

Additionally, a significant difference is observed (F (1, 30) 

= 4.574, p = 0.041) from phase 2 to phase 3 that second 

speech (M = -7.090, SD = 3.889) significantly less anxiety 
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provoking than first speech (M = -10.191, SD = 4.302). 

 

VI. DISCUSSION AND CONCLUSION 

We have built a speech simulation virtual environment 

using the autonomous audience with natural non-verbal 

behavior. We discuss our results with respect to the research 

questions. RQ1 Users‟ presence. First, We found that 

participants in the natural non-verbal behavior audience 

condition (Group B) felt more natural about the movement 

mechanism of the virtual audience and the interactions with 

the VE than the interactive audience condition (PQQ1, PQQ7). 

Second, the natural non-verbal behavior condition showed 

greater responsiveness than the control condition (PQQ2). R 

Q2 users‟ anxiety levels. We observed that audience with 

natural non-verbal significantly more anxiety provoking than 

the interactive audience. Besides, the second speech had 

significant lower RRI variance than the first speech because 

of the practice effect. We will adjust our experiment 

procedures that the participants gave speech twice in a row. 

Overall, the usage of a virtual audience with natural 

non-verbal behavior increased the sense of presence and the 

anxiety-provoking. In the future study, we also plan to expand 

this study to automatically proximate the overall assessment 

of the speaking performance.  
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