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Abstract 

The overarching goals of the present study were to examine whether individuals with high 
levels of public speaking anxiety (PSA) would demonstrate higher physiological reactivity 
and perceive higher physiological arousal to public speaking in a virtual reality (VR) 
environment than individuals with low PSA levels and whether this relationship would be 
mediated by safety behaviors. The sample in this study consisted of 81 students at Reykjavik 
University (62 females and 19 males), median-split into two groups (high vs. low PSA). 
Participants delivered an impromptu speech in front of a virtual reality audience while 
physiological reactivity was assessed using heart-rate variability. Perceived physiological 
arousal as well as public speaking anxiety in the virtual environment were assessed with self-
report questionnaires. No group difference based on the subjects’ PSA levels was found on 
physiological reactivity measures in the VR environment. However, those with high PSA 
levels perceived greater physiological arousal in the virtual environment and the relationship 
was shown to be mediated by safety behaviors. In addition, participants felt immersed in the 
VR environment, as both PSA levels reported equally high levels of presence. Future studies 
and clinical implications of these findings in treatment of PSA are discussed. 
 Keywords: social phobia, public speaking anxiety, physiological reactivity, heart rate 
variability, perceived physiological arousal, safety behaviors 

 
 

Útdráttur 
Helsta markmið rannsóknarinnar var að kanna hvort einstaklingar með mikinn 
framkomukvíða sýndu aukna lífeðlislega virkni og meiri upplifun af líkamlegum einkennum 
á meðan þeir fluttu ræðu fyrir hópi áhorfenda í sýndarveruleika, samanborið við þá sem óttast 
minna að koma fram. Auk þess var skoðað hvort sambandi þessara þátta væri miðlað af þeirri 
öryggishegðun sem einstaklingar nýta sér almennt í kvíðvænlegum aðstæðum. Úrtakið 
samanstóð af 81 nemanda við Háskólann í Reykjavík (62 konur og 19 karlar), sem skipt var í 
tvo hópa út frá miðgildi kvarða sem metur framkomuótta. Þátttakendur fluttu óundirbúna 
ræðu fyrir hópi áhorfenda í sýndarveruleika og var lífeðlisleg virkni þeirra mæld í gegnum 
allt ræðuverkefnið. Upplifun af líkamlegum einkennum í sýndarveruleikanum, tíðni 
öryggishegðunar ásamt gæðum og eiginleikum sýndarveruleikans var metin með 
sjálfsmatskvörðum. Enginn munur var á hópunum tveimur og virtist því sýndarveruleikinn 
vekja sambærileg lífeðlisleg viðbrögð meðal beggja hópa, óháð því hversu mikill 
framkomuótti þeirra var. Hins vegar greindu einstaklingar með mikinn framkomuótta frá 
meiri upplifun af líkamlegum einkennum og sambandinu virtist miðlað af öryggishegðun 
þeirra. Þar að auki var mat þátttakenda á gæðum og virkni sýndarveruleikans gott. Að lokum 
er rætt um mikilvægar framtíðarrannsóknir á sviðinu og þær klínísku ályktanir sem draga má 
af niðurstöðunum. 
 Lykilorð: félagskvíði, framkomuótti, lífeðlisleg virkni, breytileiki á hjartslætti, 
upplifuð lífeðlisleg viðbrögð, öryggishegðun  
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The Impact of Virtual Environment on Physiological Reactivity and Perceived Physiological 

Arousal among Students with Public Speaking Anxiety and the  

Mediating Role of Safety Behaviors 

Social phobia, also known as social anxiety disorder, is an impairing psychiatric 

disorder characterized by a marked and persistent fear of one or more situations involving 

social interaction or social performance, where there is a potential for scrutiny by others 

(American Psychiatric Association, 2013). Thus, people with social phobia are fearful of 

acting in a way that will be humiliating or embarrassing, and this often leads to complete 

avoidance of the feared settings or other soothing behaviors (i.e., safety behaviors; Stein & 

Stein, 2008). In the United States, epidemiological evidence suggests that over 13% of the 

population will meet the diagnostic criteria for social phobia at some point during their 

lifetime, exceeding the prevalence of every other anxiety disorder (Kessler, Chiu, Demler, & 

Walters, 2005; Kessler, Stein, & Berglund, 1998). Today, clinicians have come to realize that 

social phobia may be better defined if sub-classified based on the specific nature of the social 

fear (Heimberg, Hope, Dodge, & Becker, 1990). Current diagnostic criteria divide social 

phobia into two main subtypes: social interaction anxiety and social performance anxiety 

(Blöte, Kint, Miers, & Westenberg, 2009; Brown et al., 1997; Heimberg, Mueller, Holt, 

Hope, & Liebowitz, 1992). This paper primarily concentrates on the performance subtype 

and more specifically on public speaking anxiety. 

Fear of public speaking, or public speaking anxiety (PSA), is highly prevalent among 

individuals with social phobia as well as in the general public. In a community sample, Stein, 

Walker, & Forde (1996) demonstrated that most people felt fairly anxious about public 

speaking, with approximately one-third of adults reporting “excessive” anxiousness when 

speaking to a large audience. Due to the social significance of public speaking in modern 

society, PSA may cause considerable personal distress and impairment in social, 
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occupational, or other important areas of functioning (Van Ameringen, Mancini, & 

Farvolden, 2003). Also, the literature suggests that students with anxiety disorders, especially 

social phobia, are at the greatest risk of dropping out of school. In fact, Van Ameringen et al. 

(2003) reported “having trouble speaking in front of the class” as the second most cited 

explanation that students gave for leaving school prematurely. That is, some students would 

rather drop out of school than face their fear (e.g., classes with mandated oral reports). Not 

surprisingly, high levels of PSA have also been associated with lower income, lower levels of 

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

individuals might underachieve at work or at school as a result of their debilitating anxiety. 

Therefore, what has been referred to as “stage fright” could have a great impact on the 

individuals’ quality of life and should be treated just as other mental illnesses are (Paul & 

Moser, 2009). 

Traditional Interventions for PSA 

Most phobias respond robustly to exposure in vivo (i.e., facing the feared stimuli or 

settings in real life), where repeated exposure to the feared stimuli eases the psychological 

and physiological responses formerly linked to it. Wallach, Safir, and Bar-Zvi (2009) 

proposed that cognitive behavior therapy (CBT) in conjunction with in vivo exposure is 

effective in reducing various symptoms of social phobia, including PSA. Similar findings 

have been reported in other studies regarding the efficacy of CBT plus in vivo in reducing 

phobia symptoms (e.g., Anderson et al., 2013; Butler, Chapman, Forman, & Beck, 2006; 

Gelernter, 1991; Taylor, 1996). However, in vivo exposure has been associated with high 

dropout rates and low treatment acceptance (Anderson et al., 2013; Wallach et al., 2009), 

which threatens the therapeutic efficacy of this form of exposure. Also, the complex nature of 

social fears, such as the fear of public speaking, presents difficulties in recreating similar 
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scenarios in vivo. As a result, in vivo exposure poses some serious challenges for therapists 

as well as clients (Owens & Beidel, 2015). 

Firstly, in vivo exposure can be costly and time-consuming, and it can prove difficult 

for the therapist to control the situational elements of the procedure (e.g., control audiences’ 

reaction to the client). Secondly, in vivo exposure frequently involves a stimulus that is 

difficult to recreate or repeat (e.g., giving a speech in front of a full auditorium) or 

excessively expensive to implement. Thirdly, in vivo exposure to public speaking situations 

requires the therapist to reveal sensitive information regarding clients (e.g., disclosure that 

they are seeking treatment), which violates clients’ confidentiality. Lastly, some in vivo 

exposure settings may elicit such intense fear that a patient can be unwilling to undergo the 

treatment at all. As a result, therapists must pursue the quest for an analogously effective and 

evidence-based exposure method that produces similar benefits as the in vivo exposure while 

overcoming its limitations. The literature suggests that exposure through virtual reality could 

be a more effective and feasible alternative than in vivo exposure. 

Virtual Reality Exposure 

Studies have shown that virtual reality (VR) exposure can help overcome many of the 

difficulties arising from in vivo exposure. Using VR environments has been found to be 

effective in simulating various social experiences that would otherwise have been difficult to 

recreate, such as speaking to responsive audiences without actually having to be in public 

among real people (Pull, 2012). Thus, VR allows the client an opportunity to interact in a 

phobic scenario within the safety and confidentiality of the therapist’s office. 

Exposure using a virtual reality environment relies on the assumption that 

physiological and psychological distress can be triggered by the idea of the feared situation, 

rather than the situation itself. That is, individuals might be fully aware of the fact that they 

are situated in a computerized imitation, where there is no probability for scrutiny by others 
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or humiliation of any kind, but these primitive reactions are still experienced and captured in 

a simulated phobic virtual environment (e.g., Conversano et al., 2013). 

Prior studies have provided promising evidence that virtual reality is effective in 

inducing the same emotional and physiological distress as experienced in the real-world 

settings. For example, Cornwell et al. (2011) demonstrated that a virtual reality environment 

successfully evoked physiological responses (i.e., increased heart rate), indicative of fear and 

anxiety, among individuals who are highly vulnerable to socially threatening situations such 

as public speaking. Comparable results have been found in other studies (e.g., Kotlyar et al., 

2008; Slater, Pertaub, Barker, & Clark, 2006). However, findings have not been completely 

unanimous, as Owens and Beidel (2015) did not capture this difference in physiological 

reactivity (including HR) elicited by the virtual public speaking environment, in a sample of 

both clinically-diagnosed social phobics and a non-clinical control. 

One of the limitations with prior studies is that they have relied on small samples 

restricting the generalizability of their results. Another limitation in the field of VR research 

is that prior studies have not yet examined whether exposure to anxiety-provoking virtual 

environments elicits excessive awareness of body sensations or so-called perceived 

physiological arousal in individuals who are especially vulnerable (e.g., public speaking for 

those with PSA). That is, cognitive models of social phobia have emphasized that when an 

anxious individual enters a social encounter, the fear of an undesirable outcome (e.g., being 

negatively evaluated by others) may cause their attention to drift away from the external 

social information and toward internal cues, such as physiological reactivity, e.g., sweating, 

elevated heart rate, or shortness of breath (Heimberg, 1995; Pineles & Mineka, 2005; Wells 

& Papageorgiou, 1998). In fact, prior studies have demonstrated that this attentional bias 

towards internal cues at the expense of external information is especially prominent in public 

speaking settings (e.g., Mansell, Clark, & Ehlers, 2003). As a result, this excessive awareness 
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of body sensations might encourage further psychological distress and lead individuals into 

engaging in certain behaviors intended to “save” them from the perceived threat (i.e., 

humiliation or complete rejection (Salkovskis, 1991; Salkovskis, Clark, Hackmann, Wells, & 

Gelder, 1999). 

Finally, prior VR studies have over-emphasized systematic desensitization and yet 

failed to include the effects of important behavioral factors (i.e., safety behaviors), for which 

cognitive models of social phobia have demonstrated the effect of maintaining anxiety and 

discomfort during feared circumstances (Heimberg et al., 1992; Rapee & Heimberg, 1997; 

Wells et al., 1995). That is, previous studies have not successfully explained why some 

individuals do not experience an easing of physiological and psychological responses, despite 

being repeatedly exposed to feared stimuli or settings. In fact, excessive fear and anxiety 

responses to public speaking rarely decline as a result of the exposure procedure itself 

(Ougrin, 2011). Safety behaviors might be partially at fault as they are perceived by the 

anxious individual as necessary to prevent the occurrence of this feared outcome, so that the 

individual will typically employ them in social situations as an attempt to minimize negative 

evaluation or to reduce discomfort without completely avoiding the settings (Cuming et al., 

2009; Salkovskis, 1991). However, rather than saving the individuals, safety behaviors are 

believed to prevent the gathering of disconfirmatory evidence related to their social fear and 

to encourage similar responses in the future – creating a vicious cycle (Stopa & Clark, 1993). 

Also, there is a body of well-established evidence indicating that treatment-efficacy is greatly 

improved once safety behaviors are challenged, (e.g., in a CBT program). This evidence 

further emphasizes the functional role of safety behaviors in easing distress and discomfort 

related to the socially-threatening settings (e.g., Blakey & Abramowitz, 2016; McManus et 

al., 2009; Salkovskis, Clark, Hackmann, Wells, & Gelder, 1999; Sloan & Telch, 2002). 

Despite the well-known and critical role of safety behaviors in fear-maintenance and 
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treatment-efficacy, none of the existing studies have included this behavioral factor in their 

analysis. 

Current study 

 The aim of the current study was to address these aforementioned limitations of in 

vivo exposure and expand previous VR studies by examining whether the relationship 

between perceived physiological arousal (e.g., self-reported experiences of sweating, elevated 

heart rate, or shortness of breath) and actual physiological reactivity (captured by the HR 

monitor) to public speaking in the virtual environment is mediated by behavioral factors, as 

proposed by the cognitive model of social phobia. The virtual reality environment was 

specifically designed to invoke perceived physiological arousal and actual physiological 

reactivity to public speaking, as would an actual public speech. The following hypotheses 

were examined. First, individuals with higher levels of PSA will demonstrate higher 

physiological reactivity, as assessed with heart rate variability, to public speaking than those 

with low levels of PSA. Second, those with higher PSA levels will demonstrate higher 

perceived physiological arousal to public speaking in the VR, as assessed with the body 

sensation questionnaire, than individuals with low PSA levels. Third, individuals with a 

higher PSA level will report higher levels of safety behaviors than those with low PSA levels. 

Fourth, the relationship between PSA levels (low vs. high) and physiological reactivity to 

public speaking will be mediated by safety behaviors, as will the relationship between PSA 

and perceived physiological arousal. 

Method 

Participants 

 The sample in this study consisted of 81 students at Reykjavik University, 62 females 

(76.5%) and 19 males (23.5%). Participants’ age ranged from 19 to 32 years with the average 

of 22.9 years (SD = 3.78). To be eligible for the study, participants had to speak Icelandic 
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fluently as instructions and measures were only available in Icelandic. Participants were 

informed about the study in two different ways, using convenience sampling. Firstly, 

participants were recruited from an undergraduate class in psychology and received course 

credits for their participation in the experiment (N = 50). Secondly, an email was sent out to 

all students attending Reykjavik University with a brief description of the experiment, asking 

for both students who are anxious about public speaking and students who are confident 

speakers (i.e., who do not feel anxious speaking in front of a group). No compensation was 

provided to participants recruited the latter way. The study’s responses were anonymous. 

Measures 

 Demographic measures. Standard demographic questionnaires were used to assess 

demographic characteristics (e.g., age, gender) and participants indicated how long they had 

been students at Reykjavik University (i.e., years at RU). 

 Public Speaking Anxiety. Personal Report of Confidence as a Speaker Scale (PRCS-

12) is a 12-item self-report measuring PSA (Heeren, Ceschi, Valentiner, Dethier, & Philippot, 

2013). Items are answered in a true-false format, and the scores can range from 0 (no fear of 

public speaking), to 12 (highest fear of public speaking). The mean PRCS score in this study 

was 6.19 (SD = 3.45) with the median of 7. PRCS showed an adequate convergent validity in 

a large US sample, as it correlates significantly with measures of social anxiety, for example 

Social Phobia Scale (r = .54, p < .001), as well as yielding high internal consistency 

(Cronbach’s α = .85; Hook, Smith, & Valentiner, 2008). However, no clinical cut-off scores 

have been established on the brief version of PRCS. In Icelandic translation, PRCS was 

found to be moderately internally consistent (Cronbach’s α = .65), yet highly correlated with 

Social Phobia Scale (r = .54, p < .001), demonstrating adequate convergent validity (Sveinn 

Gunnar Hálfdánarson, 2018). In the current study, internal consistency was high (Cronbach’s 

α = .85) and the scale yielded good convergent validity, as it correlated significantly with 
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other measures of similar constructs, such as Social Phobia Scale (r = .56, p < .001) and 

Social Interaction Scale (r = .58, p < .001). 

Perceived physiological arousal during the VR. Body Sensation Questionnaire 

(BSQ) is a 17-item self-report scale measuring subjective experience of bodily symptoms 

related to anxiety (Chambless, Caputo, Bright, & Gallagher, 1984). In this study, BSQ was 

translated into Icelandic and modified to fit the degree of perceived physiological arousal 

related to the speech task in the virtual environment (Appendix A). Participants were required 

to indicate the extent of symptoms felt in the virtual environment (e.g., “heart palpitations”, 

“feeling short of breath” and “a dry throat”), on a scale of 1 (Not at all) to 5 (Very much). In 

this study, internal consistency was high (Cronbach’s α = .91), and scores ranged from 0 to 

55 out of 85, with an average of 20 (SD = 13.92).   

 Presence in the VR environment. Presence Questionnaire (PQ) is a 24-item self-

report scale, measuring four different factors related to presence in the virtual environment 

(Witmer, Jerome, & Singer, 2005; Witmer & Singer, 1998). Only the realism factor (7 items) 

was used because the remaining factors did not apply to the virtual environment used in the 

experiment. Responders indicated the extent to which each item characterized their 

experience in the virtual environment (e.g., “How compelling was your sense of moving 

around inside the virtual environment?” or “How much did your experiences in the virtual 

environment seem consistent with your real-world experiences?”), on a 7-point Likert scale 

ranging from 1 (not compelling) to 7 (very compelling). Sveinn Gunnar Hálfdánarson 

translated the scale into Icelandic for his master’s thesis and in his study, PQ-7 appeared as 

internally consistent (Cronbach’s α = .86). In this study, internal consistency for PQ-7 was 

also high (Cronbach’s α = .86) and participants’ scores ranged from 13 to 46 with average as 

high as 32.52 (SD = 7.90). 
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 Safety Behaviors. Subtle-Avoidance Frequency Examination (SAFE) is 32-item self-

report scale with each item describing a safety behavior, often used in social situations 

(Cuming et al., 2009). Responders indicate how often they engage in each safety behavior 

(e.g., “try to keep tight control of your behavior”, “avoid eye contact” and “be reserved about 

what you say”) in socially threatening situations, on a 5-point Likert scale ranging from 0 

(Never) to 4 (Always). SAFE has been found reliable and internally consistent (Cronbach’s α 

= .91). SAFE, which was translated into Icelandic for this study, had high internal 

consistency (Cronbach’s α = .93) and demonstrated a good convergent validity, as it 

correlated significantly with other measures of social anxiety, such as Social Phobia Scale (r 

= .56, p < .001) and Social Interaction Scale (r = .53, p < .001; Appendix B). Scores ranged 

from 2 to 102 with the average score of 42.98 (SD = 20.96). 

Physiological Reactivity. During the VR speech task (described below), heart rate 

variability (HRV) measures were acquired using an eMotion Faros 360° Sensor. Electrode 

leads, communicating via a Bluetooth-enabled device (in this study, a desktop computer), 

were attached to the subjects’ skin (three electrodes were used in this study). These leads 

transfer acquisitioned data to ECG, which are transformed to interpretable HRV results. 

Broadly defined, HRV is the heart’s complex rhythms and a mediation of the fluctuation in 

time intervals between each two adjacent heartbeats. By using HRV, precise non-invasive 

information is gathered on the coordination of autonomic, respiratory, circulatory, endocrine 

and mechanical influences over time (McCraty & Shaffer, 2015; Rajendra, Paul, Kannathal, 

Lim, & Suri, 2006; Thayer, Åhs, Fredrikson, Sollers, & Wager, 2012). In this study, 

physiological reactivity was assessed with continuous recording throughout the virtual speech 

task. However, this study emphasized physiological distress at certain experimental phases or 

before entering the virtual environment (baseline), while waiting, and during the speech task. 
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Virtual reality 

 Equipment. The head-mounted display used was an 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 4.6 by 4.6m space in 

which the user can freely walk in any direction. The Vive was also fitted with BOSE Noise-

cancelling headphones to cancel noise from a coffee shop located next to the experimental 

room. 

Virtual Environment. The virtual reality environment was comprised of two rooms 

with a door between them. The first room was an empty corridor with a single door leading to 

the second room where 20 virtual characters were seated at their desks, waiting to hear a 

short speech on Reykjavik University. The door was placed centrally at the front of the 

classroom. The participants could walk around the front of the classroom but could not 

interact with any objects or characters in the room. 

 While participants were in the environment, background sound played continuously 

with 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. 

Procedure 

The study was carried out from December 5th, 2018 to February 8th, 2019, in an 

experimental room at Reykjavik University. In early December, the study was presented in a 

class of undergraduate students and they were informed that they would soon receive an e-

mail describing the study as well as providing information on its risks and participants’ right 

to end participation at any time. By clicking on a link to sign up for the experiment, students 

provided their informed consent. In January, this exact same e-mail was sent out to all RU 
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students but this time, course-credits were not provided in exchange for participation. Again, 

interested students provided informed consent by clicking on a link to sign up for the 

experiment. As a reminder, all participants received an e-mail the day before their scheduled 

participation, providing information about time and place (i.e., location of the experimental 

room). 

Participation in the study took approximately 40 minutes. Participants arrived singly 

and were directed into a small room located inside the laboratory where the study was 

described, and questions and concerns were addressed. It was emphasized that their 

participation could be ended without further ado or explanations. Further, participants were 

reminded that they could request an appointment with a clinical psychologist if they felt that 

their experience had caused them any undue distress (no participant made this request). Next, 

participants were asked to complete a brief demographic questionnaire, Personal Report of 

Confidence as a Speaker Scale (PRCS-12), and Subtle-Avoidance Frequency Examination 

(SAFE). 

Participants were informed about the topic of their speech in the VR environment. 

They were told that they would give a 3-minute long speech about Reykjavik University in 

front of virtual audience that was completely unfamiliar with the university. To help them 

prepare, participants received a leaflet about the university and were informed that they could 

base their speech on its contents. No notes or other visual aids were allowed in the VR 

environment. Participants were then given approximately two minutes to prepare their 

speeches. After preparation time had passed, a heart rate monitor (eMotion Faros 360°) was 

fitted to the participants torso according to visual instructions: one electrode on each 

collarbone and the third one attached below the lowest rib, on the participants’ left side. 

Throughout this attachment process, for privacy reasons, the researcher instructed the 

participants to ensure that the detector was correctly positioned but only provided physical 
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assistance if needed. When in place, the researcher turned on the heart rate monitor and 

documented the time according to an eMotion Faros clock on the computer. Participants’ 

heart rate variability was continuously recorded throughout the session. 

Next, participants received instruction about movement in the VR environment (e.g., 

where to start and how far they could move) and were informed about the virtual 

environment. For example, they were told that when they entered the VR environment, they 

would be positioned in front of a door in an empty hallway and that they would walk into the 

classroom and start their speech. Participants were instructed to take off their headphones or 

say “thank you” to indicate that they had finished their speech. Next, VR headgear was fitted 

on the participants and the virtual environment was launched. After participants had finished 

speaking, the heart rate monitor was turned off and before leaving the experimental room, 

they completed the Body Sensation Questionnaire (BSQ) and Presence Questionnaire (PQ) 

regarding their experience within the virtual environment. 

Permission for the study was obtained from the National Bioethics Committee (NBC) 

in Iceland (VSNb2018010010/03.01). 

Data Analysis 

 All analyses were conducted using SPSS (25th edition). Descriptive analyses were 

conducted to evaluate patterns in demographic characteristics of the sample. HRV was 

averaged across three phases: baseline phase (before participants entered the VR 

environment), waiting phase (the period when participants had entered the VR environment 

and were standing in front of the door leading into the room where they gave the speech) and 

speech period (during which the participants delivered their speech). A median-split was used 

to form a categorical variable where participants with total scores below 6 were labeled as 

having low public speaking anxiety (low PSA; N = 39), and those with total scores of 7 and 

above were labeled as having high public speaking anxiety (high PSA; N = 40). 
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Repeated measures Analysis of Variance, a 2 (Group: high and low PSA) Í 3 

(Experimental phase: baseline, wait and speech) were computed to examine the hypothesis 

that individuals with high PSA levels would demonstrate higher physiological reactivity 

(HRV) to public speaking than those with low PSA levels. Independent samples t-tests were 

conducted to examine the following hypotheses: 1) that individuals with high PSA levels 

would demonstrate higher perceived physiological arousal to public speaking than those with 

low PSA levels; 2) that individuals with higher PSA level would report higher levels of safety 

behaviors than those with low PSA levels. Additionally, mediation analyses were conducted 

using the Hayes Process tool (Hayes, 2015) based on a confidence interval of 5,000 bootstrap 

samples, to examine the hypotheses that the relationship between physiological reactivity 

(HRV) and PSA levels for public speaking would be mediated by safety behaviors as well as 

the relationship between PSA levels and perceived physiological arousal. 

Results 

As indicated by the high score on the realism scale of the presence questionnaire, 

participants did rate the VR environment as realistic. The potential score on the scale is 7 to 

49 and in the present study the scores ranged from 13 to 46 and average score was 32.50 (SD 

= 7.90). The mean HRV, the standard deviation and range of HRV in the experimental 

phases: baseline, wait, and speech are shown in Table 1. 

Table 1  

Mean HRV, Standard Deviation and Range of HRV Levels in the Three Experimental Phases 

 M SD Lower range Higher range 

     
Baseline 609.88 85.81 405.10 785.05 

Wait 599.47 105.7 355.55 859.23 

Speech 579.53 106.00 362.15 854.03 
Note. M = mean; SD = standard deviation. 
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A 2 (trait PSA groups: high vs. low on PRCS) Í 3 (experimental phases: baseline, 

wait, and speech) repeated ANOVA was computed to test the hypothesis that those with high 

PSA levels would demonstrate more HRV reactivity than those with low PSA levels. 

Mauchly’s test of sphericity indicated that the assumption of sphericity was met for two-way 

interaction, χ2(2) =1.00, p = .99. The results showed that the main effect for PSA group was 

marginally significant, F(1) = 2.98, p = .09, partial 𝜂2 = .04), the main effect for experimental 

phases was significant, F(2) = 9.19, p < .001, partial 𝜂2 = .12, whereas the PSA Group Í 

Experimental Phases interaction was not significant, F(2) = .04, p = .96).  

As shown in Figure 1, HRV was lower among those with high PSA levels across all 

experimental phases compared with those with low PSA levels, and HRV decreased 

(indicating more stress reactivity) over time in both groups, indicating that exposure in the 

virtual environment had similar effects on all subjects, regardless of their PSA levels. 

 

Figure 1. Mean HRV by trait PSA levels shown by experimental phases; PSA = Public 

speaking anxiety. 

Given the baseline differences in HRV, baseline was entered as a covariate in the 

repeated ANOVA but neither the main effect of group nor the PSA Group Í Experimental 
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Phases were significant. As the hypothesis that PSA levels would be associated with 

increased physiological reactivity was not confirmed, the hypothesis that safety behaviors 

would mediate the relationship between PSA levels and physiological reactivity could not be 

tested. 

As shown in Table 2, an independent samples t-test indicated that individuals with 

high PSA levels reported greater perceived physiological arousal in the virtual environment 

than those with low PSA levels, t(49) = -3.23, p < .01. Similarly, an independent t-test 

showed that individuals with high PSA levels reported higher levels of safety behaviors than 

those with low PSA levels. 

Table 2 

Perceived Physiological Arousal and Safety Behaviors Shown by PSA Group 

Note.* p <.001; M = mean; SD = standard deviation; PSA = public speaking anxiety.  
 

Mediation analyses were conducted using the Hayes Process tool to examine whether 

the relationship between the PSA level and perceived physiological arousal was mediated by 

safety behaviors. A significant indirect effect was found to exist between levels of trait PSA 

and perceived physiological arousal through safety behaviors, b = 8.55, BCa CI [3.357, 

14.141] (see Figure 2). 

  Low PSA  High PSA  

 N M SD  N M SD 

        
Perceived Physiological Arousal  24 14.21* 11.96  27 25.93* 13.74 

Safety Behaviors 25 33.52* 17.17  31 49.65* 21.21 
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Figure 2. Mediation model with the mediation effect of safety behaviors. 

Discussion 

 The overarching goals of the present study were to examine firstly whether 

individuals with high levels of public speaking anxiety (PSA) would demonstrate higher 

physiological reactivity and perceive higher physiological arousal when speaking in a virtual 

reality (VR) environment compared with individuals with low PSA levels, and secondly 

whether the relationship between the PSA level and physiological reactivity and 

physiological arousal would be mediated by safety behaviors. The main findings were that 

higher PSA levels were not associated with increased physiological reactivity but that 

individuals with high PSA levels did perceive higher physiological arousal in the VR 

environment, and that the relationship between high PSA and perceived physiological arousal 

was mediated by the higher levels of safety behaviors prevalent among individuals with high 

PSA. 

The finding that individuals with higher PSA levels did not demonstrate more 

physiological reactivity to public speaking in the VR environment is not in line with previous 

findings, which have found greater physiological reactivity among those considered as 

especially sensitive to the simulated environment (Cornwell et al., 2011; Kotlyar et al., 2008; 

Slater et al., 2006). That is, individuals with social phobia and/or public speaking anxiety 
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have repeatedly shown excessive physiological reactivity in the public speaking virtual 

environment, compared with those without any psychiatric disorder. Yet, comparable to 

Owens and Beidel (2015) results, current findings demonstrated that physiological reactivity 

escalated in all participants, regardless of PSA levels (high vs. low) when speech time 

approached, peaking as they delivered their speech. 

This discrepancy in findings might be due to a number of reasons. Firstly, the lack of 

group difference in physiological reactivity could be explained by a methodological issue, 

which allowed participants to escape the VR environment at any given time (i.e., without 

finishing their 3-minute speech). For example, the novelty of being in a virtual environment 

might have elicited a greater physiological response in individuals with low PSA levels than 

would normally be attained in similar real-life settings. Hence, results might reflect two 

different sources of physiological reactivity. That is, physiological reactivity in the high PSA 

participants might represent activation in the fear structure of the brain, often associated with 

phobias (Ipser, Singh, & Stein, 2013), whereas a similar escalation in reactivity among those 

with low PSA might be triggered by excitement and/or curiosity. Allowing participants to 

escape at any time may have prevented group differences from emerging, as other studies 

where escape from the speech task was prohibited successfully found a physiological 

difference between individuals with PSA and confident speakers (Beidel, Turner, & Dancu, 

1985; Slater, Pertaub, & Steed, 1999; Slater et al., 2006). Perhaps by delaying escape from 

the speech task, individuals with low levels of PSA might habituate to the task, whereas 

physiological reactivity in those with high levels of PSA might persist. 

Another issue is that movement in the virtual environment might negatively affect the 

quality of the HRV measures due to their sensitivity to movement (Tobon, Jayaraman, & 

Falk, 2017), causing the results to reflect apparent measurement error rather than actual 

physiological distress. Secondly, results could be reflective of the widespread nature of 
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public speaking fears in the general public, as demonstrated by Stein et al. (1996). That is, 

most people feel anxiety about public speaking, triggering an outburst of physiological 

reactivity. Failure to detect a previously demonstrated group difference in physiological 

reactivity to public speaking might also be due to the interference of cognitive components, 

mentioned in the cognitive model of social phobia, such as hypersensitivity to internal cues 

and safety behaviors (Clark & Wells, 1995). 

The results of the current study supported the second hypothesis that individuals with 

high PSA levels would demonstrate higher perceived physiological arousal to public 

speaking in the virtual environment than would those with low PSA levels. These findings 

are in line with prior literature, demonstrating that highly anxious individuals perceive greater 

physiological arousal than those with less anxiety and they focus their attention on their 

bodily sensations during anxiety-provoking circumstances (Clark & Wells, 1995; Pineles & 

Mineka, 2005; Wells & Papageorgiou, 1998). 

Interestingly, the above findings indicated that rather than exhibiting a greater 

physiological reactivity to public speaking in the virtual environment, those with high PSA 

levels might overestimate their perceived physiological arousal due to their excessive internal 

monitoring of body sensations during anxiety-provoking circumstances. That would provide 

evidence for the utilization of a virtual environment in inducing a similar state of mind, as 

expected among highly anxious individuals in the cognitive model of social phobia (Clark & 

Wells, 1995; Mansell, Clark, & Ehlers, 2003). It would also offer a more simplistic way to 

investigate the relationship between perceived and actual physiological responses in a virtual 

environment. 

The finding that individuals with high PSA levels would report higher levels of safety 

behaviors compared with those with low PSA levels was supported. These results are in line 

with previous findings that have reflected the tendency of highly anxious individuals to 
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engage in more safety behaviors, often intended to hide common anxiety symptoms by 

excessive psychological and physiological responses (e.g., wearing black and baggy clothes 

to prevent sweating from being noticed, or excessive talking to avoid silence). 

It was hypothesized that the relationship between levels of PSA and both 

physiological reactivity and perceived physiological arousal would be mediated by safety 

behaviors. The mediational role of safety behavior in relation to PSA and physiological 

reactivity was not tested, as higher PSA levels were not associated with increased 

physiological reactivity. On the other hand, safety behaviors had a mediating effect on the 

relationship between PSA levels and perceived physiological arousal. Thus, higher PSA 

levels were found to result in greater use of safety behaviors, which in turn influenced 

perceived physiological arousal. This finding indicates that interventions aimed at decreasing 

safety behaviors might be effective in reducing perceived physiological arousal. 

 The present study was not without limitations. Firstly, participants in the study were 

predominately young women. Also, the participants were university students and might not 

be the best representative sample for PSA studies, in light of prior findings linking a high 

dropout rate to social fear (i.e., individuals struggling with severe PSA might not attend 

university due to their excessive fear of public speaking; Van Ameringen et al., 2003). In 

addition, as there are no clinical cut-off scores available for the Personal Report of 

Confidence as a Speaker scale (PRCS; used to assess levels of PSA), it is unknown whether 

the participants in the present study had clinical levels of PSA. 

Despite these limitations, this is the first study to examine the relationship between 

actual physiological reactivity and perceived physiological arousal to public speaking, which 

needs further substantiation in a larger sample. Future studies should seek to identify the 

psychosocial mechanisms that explain the potential impact of safety behaviors on appraisal 

and experience of body sensation, regarding anxiety-provoking stimuli or settings. For 
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clinical implications, it could be quite useful to examine the functional role of safety 

behaviors more precisely. For example, assessing whether the systematic practice of dropping 

safety behaviors in virtual public speaking settings reduces physiological and psychological 

distress, as proposed by prior studies (Blakey & Abramowitz, 2016; McManus et al., 2009; 

Salkovskis et al., 1999; Sloan & Telch, 2002). There is also a gap in the literature demanding 

further consideration, as only a few experimental studies exist on whether public speaking in 

a virtual environment elicits physiological reactivity that is similar to reactivity in the in vivo 

environment. In addition, there is a gap in the literature as to whether overcoming fear when 

facing virtual audiences translates to decreased distress in real-world public speaking 

settings. 

The findings of the study indicated that the virtual reality environment successfully 

induced physiological reactivity in participants, regardless of PSA levels. That is, individuals 

with both low and high PSA levels exhibited similar physiological reactivity to the virtual 

speech task. However, those with high PSA levels reported greater perceived physiological 

arousal in the virtual environment. This indicates that subjective appraisal of their physical 

symptoms, rather than a difference in the actual physiological reactivity, might differentiate 

between the two groups. Also, safety behaviors were found to mediate the relationship 

between PSA levels and perceived physiological arousal, as higher levels of PSA were found 

to result in greater use of safety behaviors, which in turn influenced perceived physiological 

arousal. Future studies should examine whether interventions aimed at reducing safety 

behaviors among individuals with public speaking anxiety reduce their perceived 

physiological arousal in response to delivering a speech to a virtual audience in a virtual 

reality environment. 
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Appendix A 

The Icelandic Translation of the Body Sensation Questionnaire (BSQ) 
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Appendix B 

The Icelandic Translation of the Suble Avoidance Frequency Examination (SAFE) 
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