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Foreword and acknowledgments 

 

The study presented in this thesis is part of the culmination of work over four semesters. I say 

part, as I started work on my thesis in my first semester, but the project has evolved far 

beyond its original scope and subject.  

I first met with my advisor, Dr. Heiðdís Björk Valdimarsdóttir, early on in my first 

semester. I had been told that she was looking for a student to do a study involving virtual 

reality (VR) and fear of elevators. I started working with Mathieu Grettir Skúlason, a student 

of psychology and computer science at Reykjavik University, who had created a remarkably 

photorealistic VR environment with an elevator. After two semesters of work, where we pre-

tested a VR elevator on 40 students we realized that finding people with a clinical fear of 

elevators might prove difficult in Iceland. Very tall buildings with elevators are less common 

here than in large cities, so the fear of using elevators is perhaps less inhibiting here, as taking 

the stairs instead of the elevator is rarely a problem. We decided that it might be better to 

change the subject of our research, as we had struggled to find a single subject that had a 

clinical fear of elevators.  

Thankfully Heiðdís had other projects she wanted to work on. She had already started 

working on a public speaking anxiety exposure environment in VR with another computer 

science student. I joined the project just before my third semester and had the pleasure of 

delving into another literature review and a new proposal to the National Bioethics 

Committee.  

The main goal of this study was to assess the effect of a VR exposure environment on 

people with public speaking anxiety. Self-report measures and physiological measures were 

used to measure anxiety at baseline, during, and after exposing participants to the VR 

environment. Designing a VR-based exposure for public speaking anxiety was an interesting 

challenge. Several different versions of classroom layouts, virtual audiences, and audience 
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behaviors (such as maintaining eye-contact and active listening) were considered. The 

experience was meant to induce anxiety the same way as an in vivo exposure would. We 

decided to keep the design as simple as possible and try to limit the number of variables 

affecting the experience. As a result, the audience was programmed not to interact with 

participants, and neither keep nor avoid eye contact.  

The purpose of this study was to examine the effect of a virtual reality environment 

on people with public speaking anxiety, the effect of adding a period of waiting before 

entering the environment, and how people with different levels of trait public speaking 

anxiety would react to the environment with and without the wait. The work of this thesis 

will be submitted to a peer-reviewed journal. Heiðdís, Rannveig S. Sigurvinsdóttir and 

Hannes Högni Vilhjálmsson will be the co-authors of the article. 

I would like to thank everyone who assisted me in the process of making the study or 

supported me in my studies over the last two years. First, I would like to thank the students 

who took their time to participate in the study despite being asked to perform a task that was 

very difficult for them. Mathieu Grettir Skúlason, Ragnar Vilhjálmsson, Hörður Már 

Hafsteinsson, and Hannes Högni Vilhjálmsson at the computer science department of 

Reykjavik University, deserve special credit, as without their efforts there would be no 

environment to test. Reykjavik University also deserves thanks for allowing me to use their 

equipment and to take over a classroom for a month. I would also like to thank the Reykjavik 

University staff that I could count on for advice and feedback, Rannveig S. Sigurvinsdóttir, 

Þorlákur Karlsson, Jón Friðrik Sigurðsson, and my advisor Heiðdís. Also, special thanks go 

to Baldur Heiðar Sigurðsson for taking time to give me highly valuable feedback that 

improved this thesis immeasurably. Finally, I would like to thank my girlfriend Þóra Kristín 

Flygenring for proofreading so many papers over the last two years, supporting me, and 

making me look smarter in the process. 
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needed structure and direction for my studies.  
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away as I was finalizing this thesis. In my lifetime he survived two heart attacks, cancer, a 

stroke, and at least two separate occasions of setting himself on fire. All of which he endured 

with stoic calm; I never saw him get angry or afraid. He was a wonderful person with a 

brilliant mind. He was always expanding my mind with new ideas and skills to learn. His way 

of thinking has shaped the way I approach my studies and my life. He showed me that 

everything can be interesting, and that investing the time to understand whatever crosses your 

mind is worth the effort. Due to his breadth of knowledge and incredible memory, he was 

incapable of being boring. He could talk about any subject at length, and usually he would. I 

will miss those long talks. I will miss having someone like him to relate my studies and 

experiences to. I will miss him. 
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Abstract 

Social phobia and public speaking anxiety (PSA) are highly prevalent and debilitating. While 

psychological treatments have been shown to be effective, few decide to seek treatment. 

Using virtual reality in an exposure component has been proposed to increase the number of 

people who seek treatment. The present study designed, and pilot tested the effectiveness of a 

virtual environment (VE) at inducing anxiety and the effect of waiting before public 

speaking. The environment consisted of a hallway with a door that led to a classroom with a 

virtual audience. Participants (n=27) were randomized to an exposure group (EG) or a 

waiting period + exposure group (W+EG). Participants were asked to perform a three-minute 

presentation to a virtual audience. Participants in the W+EG waited for two minutes in a 

hallway before entering the classroom to deliver their presentation. All participants 

completed measures of trait social- and PSA at baseline as well as subjective measures of 

anxiety (SUDS) at baseline, after preparing the presentation, before entering the classroom, 

and while delivering the presentation. The data was analysed with repeated measures 

ANCOVA with two between-subject factors (group and trait PSA) and one within-subject 

factor (experimental stage). The results revealed that participants (n=14) high on trait PSA 

reported more anxiety during the experimental phases than those with lower PSA (n=12). 

Participants high on trait PSA in the W+EG experienced more anxiety while waiting than 

those who scored low on trait PSA. These findings suggest that VE may be effective in 

exposure interventions for PSA. 

Keywords: social anxiety, public speaking anxiety, virtual reality, exposure  
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Virtual Reality and Public Speaking Anxiety 

 Social phobia, sometimes referred to as social anxiety disorder, refers to persistent 

fears of situations involving social interaction, social performance, or social situations in 

which there is the potential for scrutiny by others (American Psychiatric Association, 2013). 

Over 13% of the U.S. population meets the diagnostic criteria for social phobia at some point 

in their lives (Kessler, Chiu, Demler, & Walters, 2005; Kessler et al., 1994), which is higher 

than any other anxiety disorder. Social phobia can be divided into two main subtypes; social 

interaction anxiety and social performance anxiety (Heimberg et al, 1992; Brown et al, 

1997). This study is focused primarily on performance anxiety and more specifically public 

speaking anxiety (PSA). Studies have shown that PSA is near ubiquitous among people with 

social phobia, some finding that up to 88% are anxious about public speaking (Bögels et al., 

2010; Holt, Heimberg, Hope, & Liebowitz, 1992). High levels (up to 34%) of PSA have also 

been found in community samples and are associated with lower income, lower levels of 

education, and higher levels of unemployment (Stein, Walker, & Forde, 1994). 

There is no lack of good treatment options for social phobia, as there are several 

effective pharmacological and psychological interventions available (Hoffman, Wu & 

Boettcher, 2014). Despite the availability of good treatments options, social phobia is rarely 

treated. This is partially due to the nature of the phobia, as patients rarely seek treatment; with 

only around 9% seeking treatment each year (Kessler, Zhao, et al., 1999). As people with 

social phobia are reluctant to seek treatment, the potential for virtual reality (VR) to offer a 

‘safe’ and effective alternative to in vivo exposure might be highly valuable.  

Studies have shown that a large majority of people with specific phobias (up to 89% 

in Garcia-Palacios, Hoffman, Kwong See, Tsai, & Botella´s 2001 study) strongly prefer any 

alternative treatment to in vivo exposure, and many refuse to attend even a single session of 
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in vivo exposure. Around 76% of participants in Garcia-Palacios, Botella, Hoffman, and 

Fabregat’s study (2007) stated that they would prefer VR based exposure over in vivo.  

 Virtual reality exposure therapy (VRET) 

In the last decade, several trials have been conducted on the effectiveness of virtual 

reality exposure therapy (VRET). This type of intervention uses a computer-generated 

environment that is rendered in real time to place the subject into a lifelike controlled 

environment (Powers & Emmelkamp, 2008). During VRET sessions, the patients can 

confront anxiety-inducing stimuli in the safety of a virtual world. VRET was originally 

theorized to have similar effects on anxiety as imaginal exposure, a common part of therapy, 

which involves exposure to the feared stimulus through the subject’s imagination. Even 

though VRET uses virtual representations rather than actual stimuli, VRET has been shown 

to have a more powerful effect than imaginal exposure and has more similar effect to that of 

exposure in vivo. Opris’ et al. (2011) meta-analysis showed that incorporating a VRET 

component into a behavioral or cognitive-behavioral intervention showed similar efficacy to 

classical evidence-based treatments for anxiety disorders. 

Practical advantages to VRET include the ability to create environments or stimuli 

that can be difficult or impossible to find in the real world (e.g. finding a wasp in Iceland 

during winter), or environments that can be difficult to set up or recreate (e.g. giving a 

presentation in front of a full classroom). The usefulness of being able to create a controllable 

and safe virtual environment in clinical practice is plain to see. Not only does it allow the 

clinician to design and manipulate any visual or audible stimulus and its environment; it is 

also possible to record the subject’s responses (from eye-movement to heart rate) without 

affecting the virtual environment (Peperkorn, Diemer, Alpers, & Mühlberger, 2016). In a 

review of the research on VRET for anxiety disorders Krinj, Emmelkamp, Olafsson, & 
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Biemond (2004) claim that VRET has the potential to be an alternative to standard in vivo 

exposure.  

As this is a relatively recent field of study within psychology, further research is still 

needed on the efficacy of specific VR treatments, the limitations of the technology, and why 

VR is effective. Current research on the effect VR has on the human psyche is centered 

around the concept of presence. Presence is “a psychological state or subjective perception in 

which even though part or all of an individual’s current experience is generated by human-

made technology, part or all of the individual’s perception fails to accurately acknowledge 

the role of the technology in the experience” (Schuemie, Van Der Straaten, Krijn & Van Der 

Mast, 2001, p. 185). As an example, a person may correctly state, when questioned, that he is 

currently standing in a laboratory, using a VR headset. Further questioning might, however, 

reveal that he is very anxious about the prospect of falling off a cliff, as he is close to the 

cliff’s edge in the virtual world. Part of the individual can acknowledge that his experience is 

being generated by a computer, while another part will act and react as if the experience was 

real. Emotional processing theory as applied to anxiety disorders (Foa & Kozak, 1986) states 

that fear memories can be construed as structures that contain information regarding stimuli, 

responses, and meaning. Since exposure-based therapy is meant to evoke strong emotional 

responses to facilitate emotional processing, the fear structure must be activated to elicit the 

fearful responses. This would require a sense of presence. 

There is great potential for VR-based interventions in psychology. Meta-analyses 

have shown VRET to be as effective as exposure in vivo for multiple psychological disorders 

(Krijn et al., 2004), and VRET is already considered an evidence-based treatment for specific 

phobias as per the American Psychological Association. There is, however, varied level of 

support for VRET across anxiety disorders. Specific phobias are ideal for VRET as the feared 

stimulus is clearly defined and has specific physical attributes that are easy to reproduce in 
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VR (Emmelkamp et al, 2002). For social phobia, trials on VRET have been limited (Difede 

& Hoffman, 2002; Opris et al., 2012; Meyerbröker & Emmelkamp, 2010). Unlike specific 

phobias, VRET for social phobia needs to reproduce a complex interpersonal stimulus that 

may be far more idiosyncratic than a spider for example (Owens & Beidel, 2015). A meta-

analysis of technology-assisted interventions for social phobia indicated that VRET showed 

comparable effectiveness to internet delivered cognitive behavioral therapy (CBT; 

Kampmann, Emmelkamp, & Morina, 2016; Kampmann, Emmelkamp, Hartano et al., 2016). 

Case studies (Anderson, Rothbaum, & Hodges, 2003), an open clinical trial (Anderson, 

Zimand, Hodges, & Rothbaum, 2005), and a preliminary controlled study (Klinger et al, 

2005) have all indicated that VRET can reduce PSA and other symptoms of social phobia. A 

recent randomized controlled trial, with clinically diagnosed patients, compared the efficacy 

of CBT with VRET to CBT with group exposure therapy. Results revealed that the treatments 

did not statistically differ on the outcome measures for social anxiety (Anderson et al, 2013). 

However, fewer people dropped out of the CBT+VRET therapy (16.7%) than the group 

exposure therapy (35.9%). A similar difference in drop-out rates (18% for VRET vs 33% for 

CBT) was also found in a study by Wallach, Safir, & Bar-Zvi (2009), demonstrating that the 

treatment acceptability for CBT interventions can have clinical implications.  

Anticipatory anxiety 

Part of this study aims to measure the effects of a short period of waiting in a VR 

environment. When phobic patients expect the occurrence of a phobia-related situation or 

event they will often show pronounced anticipatory anxiety (Nutt, Bell, & Malizia, 1998). In 

this state the patient experiences negative affect, autonomic arousal, and a hypervigilant 

monitoring of the environment (Andrews, Freed, & Teeson, 1994). Anticipatory anxiety 

contributes to avoidance behavior, which reduces anxiety symptoms, but in turn reduces the 

effectiveness of exposure to the feared response, as the avoidance behavior is credited for any 
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positive outcomes (Öst, Salkovskis, & Hellström, 1991). Therapeutic interventions for PSA 

generally aim to reduce anticipatory anxiety as well as the anxiety during speaking (Clark & 

Wells, 1995). If the effects of anticipatory anxiety can be controlled with small changes to the 

exposure environment, then that could prove to have additional therapeutic value. 

The current aim for this study is to assess the effectiveness of a VR environment 

designed to serve as an alternative to in vivo exposure for treating PSA. This environment is 

specifically designed to invoke anxiety about social performance, just as giving an actual 

presentation would.  

The study will assess three things: 1) the overall effect of the VR experience on 

psychological measures of anxiety; 2) the effects of waiting before entering the feared 

situation compared to going into it immediately, and 3) differences between high and low 

scoring participants on trait anxiety measures. It is hypothesized that 1) the environment will 

increase self-reported anxiety, 2) that self-reported anxiety in the environment will 

correspond to psychological measures of PSA (such that participants with high trait PSA 

levels will report higher levels of anxiety in the VE), and 3) that waiting before going into the 

feared situation will increase anxiety more in participants with high trait PSA than those with 

low trait PSA.  
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Method 

Participants 

Twenty-seven students from Reykjavik University were recruited for the study. The 

sample consisted of 19 females and 8 males. Participants’ ages ranged from 20 to 51 years 

with an average of 29 years. Most of the participants were Icelandic (N=23), but participants 

of other nationalities (N=4) received instructions and measures in English. Participants were 

recruited by sending out an email to all students attending Reykjavik University, with a brief 

description of the experiment, asking for participants who feel anxious when giving 

presentations or speaking before a group of people. Thirty-four people signed up to take part 

in the study, but seven dropped out before taking part. To be eligible for the study, 

participants had to be university students and be able to read Icelandic or English. A formal 

diagnosis of social anxiety was not a prerequisite for taking part, as the sample was self-

selected. Participants did not receive any compensation for taking part in the study. One 

participant was not included in the analysis. This was due to a procedural failure that led to 

inconsistent results for this participant. 

Measures 

Demographic measures.  

Standard demographic questionnaires were used to assess age, gender, and how long 

the participant had been a student at Reykjavik University (years at RU). 

Social Anxiety 

Social Interaction Anxiety Scale (SIAS) is a self-report measure, containing 20-items 

on a five-point Likert scale. SIAS is used to measure distress when communicating or 

meeting with others, both in a one-on-one and a group setting (Mattick & Clarke, 1998). 

Scores range from 0 to 80, with 36 points considered the cut-off for clinical diagnosis (Peters, 

2000). SIAS possesses good divergent validity (area under curve (AUC) = .86), high internal 
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consistency (Cronbach’s α = .93), and high test-retest reliability (r = 0.92; Mattick & Clarke, 

1998). The scale was designed to be used with the Social Phobia Scale (SPS) as a combined 

measure for social phobia. Both scales are highly correlated with each other (SPS-SIAS: r = 

0.73, p < .001), suggesting that they both measure a similar construct. The construct validity 

of SIAS and SPS has also been established (Heimberg et al, 1992; Brown et al, 1997). SIAS 

has been translated into Icelandic and has been shown to be reliable and have both good 

convergent (r = .82, p < .01) and divergent validity (AUC .96) as well as high internal 

consistency (Cronbach’s α = .94) in a large Icelandic non-clinical population (Ólafsdóttir, 

2012). In the current study the Cronbach’s α was = .91. In Icelandic trials non-clinical 

subjects average 14.4 points while people with social anxiety average 40.0 points. The cut-off 

for clinical diagnosis is between 40-49 points on the Icelandic version of SIAS.   

Social Phobia Scale (SPS) is a self-report measure, containing 20-items on a five-

point Likert scale. SPS is used to measure fear of being observed or scrutinized by others 

while performing routine activities (e.g., eating, writing, speaking; Mattick & Clarke, 1998). 

Scores range from 0 to 80, with a 26-point cut-off for clinical diagnosis (Peters, 2000). SPS 

possesses good divergent validity (AUC = .80), high internal consistency (Cronbach’s α 

= .89), and high test-retest reliability (r = .93; Mattick & Clarke, 1998). The scale has been 

translated into Icelandic and has been shown to be reliable and have both good convergent (r 

= 0.84, p < .01) and divergent (AUC = .94) validity as well as high internal consistency 

(Cronbach’s α = .95) in a large Icelandic non-clinical population (Ólafsdóttir, 2012). In the 

current study the Cronbach’s was α = .86. In Icelandic trials non-clinical subjects average 

18.8 points while people with social phobia average 34.6 points. The cut-off for clinical 

diagnosis is between 20-24 points on the Icelandic version of SPS.  
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Public speaking anxiety 

Personal Report of Confidence as a Speaker Scale (PRCS-12) is a 12-item self-report 

scale measuring PSA (Heeren, Ceschi, Valentiner, Dethier & Philippot, 2013). The scale was 

translated into Icelandic for this study, but this version has not been standardized and 

psychometric properties are unknown. The scale, in its original language, is reliable and has 

shown adequate convergent validity in a large US sample, as it correlates significantly with 

other measures of social anxiety (ranging from .52 to .97) and has high internal consistency 

(Cronbach’s α = .91; Hook et al, 2008; Phillips, Jones, Rieger & Snell, 1997). In the current 

study the Cronbach’s α was = .65. Scores range from 0 to 12 with a mean score of 4.6 (SD = 

3.51). The scale is also highly correlated with the Social Phobia Scale (r = 0.54, p < .001) as 

it measures a similar construct. 

Presence in the VR environment 

Presence Questionnaire (PQ) is a 24-item (scores ranging from 0-7) self-report scale 

measuring four different factors related to presence in a virtual environment (Witmer & 

Singer, 1998). The scale was translated into Icelandic for this study; it has not been 

standardized and psychometric properties are unknown. The scale has been shown to be 

reliable and internally consistent (Cronbach’s α = .88) in a large Canadian sample (Witmer & 

Singer, 2005). In the current study the Cronbach’s was α = .86. Only the realism factor (7 

items) of the scale will be used in the study as the other factors do not apply in the VR 

environment used in the current study. The realism factor has no Icelandic norms, but the 

English scale has a mean of 29.45 (SD=12.04). 

Subjective Distress 

Subjective Units of Distress Scale (SUDS) is a single-item self-report scale that 

assesses the subjective distress that the individual feels at a given moment (Bremner et al, 
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1999). The scale is a visual analogue scale scored from 0 (no distress) to 100 (the most 

distress possible). The scale was used to assess subjective feelings of anxiety.  

Virtual Reality 

Equipment 

The head-mounted display used was a HTC Vive. The device uses two screens, one 

per eye, each having a resolution of 1080x1200 with a refresh rate of 90hz. The headset uses 

gyroscope, accelerometer and 70 infrared sensors to track the user’s movement within the 

virtual environment. The tracking space of the Vive is a 4.6m by 4.6m space in which the 

user can freely walk in any direction. The Vive was also fitted with headphones. 

Virtual Environment 

The virtual reality environment comprised of two rooms and a door between them. 

The first room was an empty corridor with a single door that lead to the second room, a 

classroom with virtual characters seated at their desks. The door was in the front of the 

classroom and placed centrally. 

A background sound played continuously while participants were in the environment. 

The sound was a mixture of noises commonly associated with classrooms, e.g. shuffling 

papers, sounds of occasional keyboard typing, and low murmurs. The sound was at a low 

volume so that it would not be distracting but loud enough that there was never a moment of 

complete silence. 

Design 

This study was a repeated measures design with two experimental conditions where 

participants were randomly assigned to one of two experimental groups; exposure group (EG) 

and wait + exposure (W+EG). A median split of participants’ PRCS scores was used to create 

a second between-subjects variable so that the effects of trait PSA on anxiety could be 
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examined, as well as the interaction between experimental group and trait PSA on the within-

subjects variable (SUDS). 

Experimental manipulations 

Exposure Condition 

In the VR environment, the participant is presented standing in front of a door in an 

empty hallway. The door opens, and the participant enters a classroom with 20 virtual 

characters waiting to hear a short presentation on Reykjavik University. The participant can 

walk around the front of a classroom but can’t interact with any objects or characters in the 

room. After the presentation is completed the participant is asked to remove the head-

mounted display and the heart-rate monitor.  

Wait plus exposure condition  

The wait plus exposure condition is identical to the exposure only condition except 

for the following: There was a clock above the door as a point of reference to see how much 

was left of the two-minute wait. As soon as the participant enters the environment they are 

told to wait outside the door for two minutes before the class is ready. After two minutes have 

passed, the door opens, and the participant can go inside and give his presentation. 

Procedure 

The study took place in a classroom at Reykjavik University. When participants 

arrived, the study was described again, and all questions and concerns were addressed. It was 

emphasized they could end their participation at any point in the study with no questions 

asked. Additionally, participants could request an appointment with a clinical psychologist 

(who was not part of the study) if they felt the experience had caused them any undue distress 

(no participant made this request). Participants then completed a few self-report measures; 

Social Interaction Anxiety Scale (SIAS), Social Phobia Scale (SPS), Personal Report of 



VIRTUAL REALITY AND PUBLIC SPEAKING ANXIETY 

16 

 

Confidence as a Speaker Scale (PRCS-12), and a brief demographic questionnaire. They also 

filled out their first Subjective Units of Distress Scale (SUDS; baseline) at this stage.  

Participants were told that they would give a 3-minute presentation about Reykjavik 

University in front of a virtual audience. No notes or other visual aids were allowed in the VR 

classroom. To help them prepare, the participants were handed a leaflet about the university 

and told they could base their presentation on the information within. After the preparation 

time (two minutes) had passed, a heart rate monitor was then fitted to the participants chests. 

Participants then received instructions about movement in the VR environment (e.g. where to 

start and how far they could move).  

After receiving all instructions and having prepared their presentations, participants 

were then asked to complete an additional SUDS measure (preparation). They were then 

fitted with the VR headset and entered the virtual environment. Their heart rate was recorded 

throughout the session, but those results are not reported here. After the presentation 

participants completed a third and fourth SUDS measure. The third measure asked 

participants to assess their feelings as they stood in front of the virtual door before they went 

in (wait). This was a two-minute period for the W+EG group but a brief moment for the EG 

group. The fourth measure assessed their feelings as they were giving their presentation 

(presentation). Finally, they were asked to complete the Presence Questionnaire (PQ). 

Permission for the study was obtained from the National Bioethics Committee in 

Iceland (VSNb2018010010/03.01). 

Statistical analysis 

All statistical analyses were run using the Statistical Package for the Social Sciences 

(SPSS, version 22). Two analyses using repeated measures ANCOVAs were carried out to 

test the following hypotheses: 1) the VE will increase self-reported anxiety (SUDS), 2) 

participants with high trait PSA will report higher levels of anxiety in the VE than those with 
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low trait PSA, 3) that participants in the W+EG with high trait PSA will report higher levels 

of anxiety in the wait stage than those with low trait PSA.  

 Both analyses controlled for both gender and years at RU. Gender was controlled for 

due to a difference in mean scores on the PQ between genders. Years at RU was controlled 

for as the task was directly related to participants knowledge about the university. 

First a 2 x (W+EG vs EG) 2 x (trait PSA groups: high vs low on PRCS) x 3 

(experimental stages: preparation, wait, presentation) three-way mixed model repeated 

measures ANCOVA, controlling for baseline SUDS anxiety, gender, and years at RU, was 

used to test the second and third hypothesis. This analysis additionally controlled for baseline 

anxiety levels as the groups had different means at baseline. Contrasts were used to further 

break any interactions down. 

The first hypothesis required the analysis to include the baseline measure. 

Accordingly, a second one-way repeated measures ANCOVA was used to test the first 

hypothesis. Contrasts were used to further explore differences between experimental stages. 

Results 

Sample characteristics 

Participants in the two groups (EG vs W+EG) did not significantly differ on any 

demographic or clinical characteristics (see Table 1). At baseline, 40% of the sample fell 

above clinical cut-off score for social phobia on the combined measures of SIAS and SPS 

(total scores above 60), 20% of the sample fell in the moderate range (scores between 46 and 

59), and 40% of the sample fell in the normal range for social phobia (scores between 0 and 

45). The results for the realism scale of the PQ show a high overall mean score (M 36.27, SD 

6.69). There was a significant difference between genders on the realism scale on the PQ 

t(25) = 2.104, p < .05, with men scoring lower (M = 32.43) than women (M = 37.68) on 

average. 
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Table 1  

Descriptive statistics for all self-report measures.  

 
W+EG (N=14) EG (N=12) 

Measure M SD M SD 

SIAS 31.57 14.29 33.00 12.84 

SPS 16.86 8.64 20.50 11.50 

PRCS 7.64 2.40 7.25 2.56 

PQ 37.57 6.47 34.38 6.74 

Note. SIAS = Social Interaction Anxiety Scale; SPS = Social Phobia Scale; PRCS = Personal Report of 

Confidence as a Speaker Scale; PQ = Presence Questionnaire; SUDS = Subjective Units of Distress Scale 

 Table 2 shows the results of the SUDS outcome measure at each experimental stage, 

broken down by experimental group (W+EG vs EG) and trait PSA group (PRCS high vs 

PRCS low). Mean scores for participants in both groups are similar on all four SUDS 

measures but they differ considerably when broken down by trait PSA levels. There is also a 

noticeable difference in baseline anxiety among participants in the W+EG with low trait 

PSA, compared to other groups.  

Correlation coefficients 

Correlations between the three measures of anxiety and the outcome measures are 

shown in Table 3. A significant correlation was found between Personal Report of 

Confidence as a Speaker Scale (PRCS) and SUDS at all experimental stages after baseline for 

the W+EG. For the EG group PRCS was not significantly correlated to anxiety at any stage.  
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Table 2 

Mean self-reported anxiety on SUDS by experimental stage, group, and trait PSA. 

 
Baseline (SD) Preparation (SD) Wait (SD) Presentation (SD) 

Wait plus exposure     

    PRCS low (N=5) 22.00 (8.36)  38.00 (19.23) 32.00 (10.95) 44.00 (26.07) 

    PRCS high (N=9) 43.11 (21.78) 67.44 (11.99) 80.78 (9.64) 77.22 (20.48) 

    Total (N=14) 35.57 (21.78) 56.93 (20.41) 63.36 (26.12) 65.36 (27.21) 

Exposure     

    PRCS low (N=7) 41.43 (21.15) 61.43 (21.93) 74.29 (19.02) 67.14 (17.95) 

    PRCS high (N=5) 37.00 (24.39) 53.00 (19.87) 58.00 (22.80) 71.00 (19.49) 

    Total (N=12) 39.58 (21.58) 57.81 (20.61) 67.50 (21.37) 67.75 (17.85) 

Total     

    PRCS low (N=12) 33.33 (19.22) 51.67 (23.29) 56.67 (26.74) 57.50 (23.78) 

    PRCS high (N=14) 40.93 (23.13) 62.29 (16.17) 72.64 (18.58) 75.00 (19.61) 

Note. SUDS = Subjective Units of Distress Scale; PRCS low = participants scoring below the median on PRCS 

(Personal Report of Confidence as a Speaker Scale); PRCS high = participants scoring above the median on PRCS  
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Table 3 

Bivariate correlation between SUDS during different experimental stages and clinical 

measures using Pearson’s r coefficients, for W+EG and EG. 

 SUDS 

(BL) 

SUDS 

(PREP) 

SUDS 

(WAIT) 

SUDS 

(PRES) 

SPS SIAS 

 W+EG/EG W+EG/EG W+EG/EG W+EG/EG W+EG/EG W+EG/EG 

SUDS (BL) 1.00/1.00      

SUDS (PREP) .37/.43 1.00/1.00     

SUDS (WAIT) .60*/.47 .61*/.33 1.00/1.00    

SUDS (PRES) .36/.65* .69*/.45 .64*/.73** 1.00/1.00   

SPS .29/.03 .51/-.34 .54*/-.68* .48/-.45 1.00/1.00  

SIAS .34/-.09 .12/-.62* .53/-.33 .22/-.25 .47/.61* 1.00/1.00 

PRCS .42/-.04 .62*/-.04 .89**/-.23 .64*/-.09 .55*/.36 .35/.01 

Note. SUDS = Subjective Units of Distress Scale; SPS = Social Phobia Scale; SIAS = Social Interaction 

Anxiety Scale; PRCS = Personal Report of Confidence as a Speaker Scale  

*Significant at p < .05 (2-tailed), **significant at p < .01 (2-tailed)  

Group differences 

 A 2 (experimental group: W+EG vs EG) x 2 (trait PSA groups: high vs low on PRCS) 

x 3 (experimental stages: preparation, wait, presentation) repeated measure ANCOVA, 

controlling for baseline SUDS, gender, and years at RU was conducted. Mauchly's Test of 

Sphericity indicated that the assumption of sphericity had not been violated, χ2(2) =.949, p = 

.627. The analysis found no significant main effect for experimental group (F(1,19) = .704, p 

= .412, r = .19) and the interaction effect between experimental group and experimental stage 

was not significant (F(2,38) = .121 p = .886, r = .05).  

There was a significant main effect for trait PSA (F(1,19) = 5.186, p < .035, r = .46), 

such that participants who scored higher on the PRCS reported higher mean levels of anxiety 

at all stages combined after baseline (see Figure 1). Indicating that the VE had a greater effect 

on anxiety when participants had higher levels of trait PSA. This supports the hypothesis that 
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trait PSA levels will correspond to self-reported anxiety levels. The interaction between trait 

PSA and experimental stage was not significant (F(2,38) = .430, p = .654, r = .10). 

Figure 1. Estimated marginal mean scores on SUDS by trait PSA levels, after controlling for 

baseline anxiety, gender, and years at RU; shown by experimental stage. 

There was also a significant two-way interaction between trait PSA and experimental 

group on self-reported anxiety (SUDS) (F(1,19) = 9.103, p = .007, r = .57), indicating that the 

effects of the experimental conditions were different between the trait PSA groups. The group 

high on trait PSA in the W+EG had the highest adjusted mean SUDS scores across all time 

points after controlling for the covariates, the group low on trait PSA in the W+EG had the 

lowest, but the EG did not seem to significantly differentiate between low and high trait PSA 

groups (see Figure 2).  
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Figure 2. Interaction effect of experimental group and trait PSA on estimated marginal mean 

scores on SUDS, after controlling for baseline anxiety, gender, and years at RU. 

The three-way interaction between trait PSA, experimental group, and experimental 

stage was not significant (F(2,38) = 2.513, p = .094). As the interaction was close to 

significant and the test was expected to have power issues due to the low number of 

participants, contrasts were used to test the interaction at the wait and presentation stage. 

Contrasts revealed there was significant three-way interaction between the experimental 

groups, the trait PSA groups and the last two experimental stages (F(1,19) = 6.095, p = .023, 

r = .49). This indicates that self-reported anxiety differed in the wait and presentation stages.  

Contrasts 

To break down this interaction, six contrasts were used to compare the mean SUDS 

scores for participants with different trait PSA levels (high vs low) in both experimental 

groups with each experimental stage. The first three contrasts compared the means of 

participants in the EG by their trait PSA levels in each experimental stage. The first contrast 

revealed a non-significant difference in the scores of high vs low trait PSA participants in the 
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preparation stage of the EG (F(1,19) = .725, p = .405, r = .19). Revealing that, for the EG, the 

preparation stage was equally anxiety inducing for participants with high and low PSA (see 

Figure 3). The second contrast revealed a significant difference in the scores of high vs low 

trait PSA participants in the wait stage of the EG (F(1,19) = 4.628, p = .045, r = .44), 

indicating that the wait stage was more anxiety inducing for participants with low PSA in the 

EG. The third contrast revealed a non-significant difference in the scores of high vs low trait 

PSA participants in the presentation stage of the EG (F(1,19) = .223, p = .642, r = .10). This 

shows that, for the EG, the presentation stage was equally anxiety inducing for participants 

with high and low trait PSA.  

The last three contrasts compared the means of participants in the W+EG by their trait 

PSA levels in each experimental stage. The fourth contrast revealed a significant difference in 

the scores of high vs low trait PSA participants in the preparation stage of the W+EG 

(F(1,19) = 5.054, p = .037, r = .45). This indicates that participants with high PSA reported, 

on average, higher levels of anxiety in the preparation stage of the W+EG. The fifth contrast 

revealed a significant difference in the scores of high vs low trait PSA participants in the wait 

stage of the W+EG (F(1,19) = 26.130, p < .001, r = .76). This suggests that, for the W+EG, 

the wait stage was more anxiety inducing for participants with high trait PSA. This supports 

the hypothesis that the wait would increase anxiety further in participants with high trait PSA. 

The sixth contrast revealed a non-significant difference in the scores of high vs low trait PSA 

participants in the presentation stage of the W+EG (F(1,19) = 3.727, p = .069, r = .40); 

revealing that, for the W+EG, the presentation stage was equally anxiety inducing for 

participants with high and low trait PSA.  
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Figure 3. Estimated marginal mean scores on SUDS by experimental group and divided by 

trait PSA, after controlling for baseline anxiety, gender, and years at RU; shown by 

experimental stage. 

The effect of experimental stage 

A separate one-way (experimental stage: baseline, preparation, wait, presentation) 

repeated measures ANCOVA, controlling for gender and years at RU, was used to determine 

if there was a main effect for experimental stage. Mauchly's Test of Sphericity indicated that 

the assumption of sphericity had not been violated, χ2(2) =.922, p = .882. The analysis 

detected a significant main effect of experimental stage (F(3,69) = 17.313, p < .001, r = .44). 

This supports the hypothesis that the VE would increase anxiety from baseline levels. Simple 

effects analyses further revealed that anxiety increased significantly between baseline and 

preparation (F(1,23) = 13.560, p < .001, r = .61). There was also a significant increase 

between preparation and wait (F(1,23) = 4.224, p = .050, r = .39). There was no significant 

difference between the wait and presentation stages (F(1,23) = .091, p = .766, r = .06). 
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Discussion 

The present study designed, and pilot tested the effectiveness of a virtual environment 

(VE) at inducing anxiety, the effect of waiting before public speaking, and whether the VE 

differentiated between participants high and low on trait PSA. Students were exposed to a 

VE, where they gave a presentation in a classroom in front of a virtual audience. Before 

giving the presentation, 14 participants were asked to wait (W+EG) for two minutes in a 

hallway, while 12 participants (EG) were asked to go straight inside the classroom to give 

their presentation. The main findings were that the VE induced anxiety but there were no 

overall differences between the group that had to wait two minutes before entering the 

classroom versus those that went directly into the classroom. Participants who scored high on 

trait PSA were more anxious during the experimental phases then those who scored low. 

Finally, participants in the W+EG who were low on trait PSA reported low levels of anxiety 

during the wait stage, while those high on PSA reported a significant increase in anxiety. The 

wait stage had the opposite (and weaker) effect in the EG, where the low PSA group scored 

higher on average in the wait than the high PSA group.  

The hypothesis that the VE would increase anxiety was supported as self-reported 

anxiety increased significantly from baseline throughout the experimental manipulation. This 

is in line with previous studies (e.g. Anderson et al., 2003; Anderson et al., 2005; Anderson 

et al., 2013; Kampmann, et al., 2016; Klinger et al, 2005; Wallach et al., 2009), that have 

indicated that VRET can be an effective treatment for social phobia and PSA.  

The following hypotheses, that waiting before going into the feared situation will 

evoke a different kind of reaction in participants with high and low trait PSA, and that 

participant anxiety levels in the environment will correspond to psychological measures of 

PSA, were also supported. The active wait condition (the wait stage for participants in the 

W+EG) was found to increase anxiety for participants with high trait PSA. The active wait 
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condition was also found to lower anxiety in the low PSA participants. In the EG there was a 

smaller, yet significant, difference between participants with high PSA participants scoring 

lower than the low PSA participants. 

One possible reason for the difference between high and low scorers in the wait plus 

exposure group is that time might be interacting with participants’ anxiety. Waiting appears 

to cause further distress in individuals who PSA but has a calming effect on those who do 

not. Anxious participants might use unhelpful safety-seeking behaviors while waiting (such 

as over-preparing their speech) or start ruminating about their upcoming performance, 

whereas non-anxious participants might employ some helpful coping strategies (such as 

mindfulness). If the function of the wait period is to differentiate people based on their coping 

skills that might also explain why, in the EG, there was smaller increase for high PSA 

participants and a significant increase in the low PSA participants. When high PSA 

participants were not given time to engage in unhelpful coping strategies in the wait stage 

their anxiety plateaued. Consequently, the low PSA participants were not given time to 

engage in helpful coping strategies and therefore their anxiety levels increased.  

It should be noted that the sample for the current study, on average, scored quite high 

on measures of social phobia and PSA. The letter sent out to recruit participants specifically 

asked for people who considered themselves anxious about speaking in public, so this was by 

design. The average participant had a combined score slightly below the clinical cut-off score 

on the SIAS-SPS measure and a high score on the PRCS. So, while groups were compared 

based on cut-off scores it should be noted that the study does not compare participants that 

are phobic with participants that are not at all phobic. Rather, we are attempting to divide into 

groups what appears to be more of a spectrum of PSA, as most participants had at least 

moderate levels of anxiety about public speaking. 
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The current study has some limitations. First, it lacks a proper control group, making 

it difficult to rule out that the VE isn’t merely anxiety inducing for everyone and not people 

with PSA in particular. Second, the study had a small sample size, findings should therefore 

be interpreted with caution. Finally, the study missed an opportunity to gather data on the 

different safety-seeking behaviors participants used in the environment, making it impossible 

to say whether such measures were used, as would be expected in an in-vivo exposure setting. 

Overall participants reported high levels of presence. However, it could have proven useful to 

gather more descriptive information from participants about their experience to identify 

features of the VE that affected their level of presence in the environment.  

Despite these limitations there is reason to be confident about the reliability of the 

data due to the repeated measures design. The amount of highly anxious participants who 

decided to take part in this study is also promising for the potential of VR to attract 

individuals who might otherwise avoid such experiences. The sample was also diverse in age, 

gender, and ethnicity, which improves the generalizability of the results. 

In summation, the VE was able to induce high levels of anxiety in participants with 

PSA. The active wait condition interacted with high levels of PSA to induce higher levels of 

anxiety (compared to the previous experimental stage) while reducing anxiety in participants 

with lower levels of PSA. This study is one of the first studies to examine this effect (i.e. 

anticipatory anxiety and PSA in VR) and further research is needed to understand its 

implications. Future studies could compare the effectiveness of VR based interventions with 

or without a wait period. 

It is hard to imagine an in vivo exposure (or behavioural experiment) for PSA that 

would not involve a period of waiting between planning and execution. A wait period is an 

unintended component of behavioural experiments, but it could be an active component. If 

the wait period is linked to the occurrence of safety-seeking behaviors, in individuals with 



VIRTUAL REALITY AND PUBLIC SPEAKING ANXIETY 

28 

 

PSA, it might prove useful to include wait periods before VR-based exposure sessions. Doing 

so can better simulate real-life situations and enable clients to practice avoiding safety-

seeking behaviors.  

Showing that using virtual reality environments can elicit an anxiety response from 

participants can have clinical implications. Using virtual reality in treatment has be an 

effective alternative to in vivo exposure and evidence suggests that it is a preferred 

alternative. With growing interest in the field and new emerging technology, designing 

realistic virtual environments is becoming less costly and time-consuming. Using this 

technology has the potential to attract clients that may have been reluctant to seek treatment 

due to concerns over in vivo exposure.  
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