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A Meta-Analysis of the Effect of Virtual Reality on Reducing Public Speaking Anxiety 

Abstract 

The fear of public speaking is a prevalent phobia that has a damaging impact on the lives of 

many phobic patients. One method to treat this phobia is the use of virtual reality (VR). A 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol 

was used to report how the publications that have examined the role of VR in treating public 

speaking anxiety were identified. A meta-analysis of 92 non-review publications published 

by January 15, 2021 was conducted. In this meta-analysis, the effectiveness of the treatment 

of public speaking anxiety refers to the degree of reduction in the participants’ public 

speaking anxiety from pre-test to post-test. This meta-analysis consisted of an examination of 

the homogeneity of the studies (the I2 indexes), publication bias (Kendall’s tau and Egger’s 

regression values) and an estimation of the grand effect size for all studies. The three major 

findings of this meta-analysis are: (1) Overall, VR had a statistically significant effect on 

reducing public speaking anxiety, which suggests that VR is a useful and promising 

therapeutic tool for the treatment of public speaking anxiety; (2) Studies that found VR to be 

effective in the treatment of public speaking anxiety conducted an average of approximately 

six VR sessions, with each session lasting around 37 minutes; and (3) VR is statistically as 

effective as other treatment methods such as cognitive behavioral therapy. Therefore, rather 

than completely replacing other treatment methods, VR should be used to complement other 

treatment methods to compensate for some of their disadvantages. 

Keywords: Public speaking anxiety; virtual reality; PRISMA protocol; meta-analysis 
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A Meta-Analysis of the Effect of Virtual Reality on Reducing Public Speaking Anxiety 

Virtual reality (VR) has attracted researchers’ attention for nearly 20 years (Lan, 

2020). VR refers to a “transformative service designed to build a synthetic virtual 

environment to mimic the real world, and subsequently, immerse participants in highly 

realistic virtual worlds” (Hu et al., 2020, p. 105). By donning stereoscopic head-mounted 

displays, visual sensory information from the outside world is filtered out and users 

experience a computerized version of a three-dimensional real-like virtual world (Slater et al., 

1999). These displays are sensitive to the users’ head movement, creating a perception of 

depth when they look around the virtual environment (Lindner et al., 2019). VR also allows 

for complete control over the settings, designs and stimuli in the virtual world (Lindner et al., 

2017). 

Many past review papers on VR concluded that VR is beneficial for the treatment of 

fears and phobias (Botella et al., 2000; Vanni et al., 2013; Vincenti, 2009; Hinojo-Lucena et 

al., 2020). Botella et al.’s (2000) narrative review enumerated numerous benefits of VR such 

as providing a protected environment for patients to explore and act without feeling 

threatened, the flexibility of VR to tailor to individuals’ specific needs and allowing users to 

experience different situations at their own pace with a high degree of control over time and 

space. Similar to Botella et al.’s review (2000), both Vanni et al.’s (2013) and Vincenti’s 

(2009) narrative reviews provided evidence of the effectiveness of VR for the treatment of 

fears and phobias. Vanni et al. (2013) found that VR environments can trigger realistic 

anxiety responses from patients and decrease patients’ public speaking anxiety for over three 

months. Comparably, Vincenti’s narrative review (2009) found that VR therapy can increase 

patients’ calmness when flying and reduce the debilitating effect of the fear of flying. This is 

evident from patients’ self-report questionnaires and increased air travel in real-life following 

VR treatments. Hinojo-Lucena et al.’s systematic review (2020) reviewed 13 publications 
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and their results supported Botella et al.’s (2000), Vanni et al.’s (2013) and Vincenti’s 

findings (2009) that VR treatments are generally effective in treating fears and phobias. 

However, they posited that effective VR therapies usually require at least one week of 

treatment and up to 12 treatment sessions. 

Furthermore, past review papers also corroborated that VR is useful in treating a wide 

range of fears and phobias (Gregg & Tarrier, 2007; North et al., 2002). Both Gregg and 

Tarrier’s meta-analysis (2007) and North et al.’s systematic review (2002) described the uses 

of VR to treat a myriad of psychological disorders. Gregg and Tarrier (2007) reviewed 17 

publications, some key case studies, and pilot studies, which found that VR therapy can help 

patients reduce their fear of heights, flying phobia, driving phobia, spider phobia, social 

phobia, panic and agoraphobia, post-traumatic stress disorder and body image disturbance. 

Similarly, North et al. (2002) found that VR is effective for the treatment of fear of flying, 

agoraphobia, acrophobia and fear of public speaking. 

Public Speaking Anxiety 

While VR has had many salient applications, one application of VR is in the treatment 

of public speaking anxiety (Kimani & Bickmore, 2019). Seinfeld (1993) famously said that 

“according to most studies, people’s number one fear is public speaking. Number two is 

death …. This means that to the average person, if you go to a funeral, you are better off in 

the casket than doing the eulogy.” It has been estimated that about 20% to 85% of individuals 

are afraid of giving speeches (Katz, 2000). Delivering a public speech can easily induce 

anxiety regardless of how well-versed and experienced the speakers are (Khan et al., 2015). 

This anxiety is prevalent among individuals, including actors and politicians who voluntarily 

choose to work in their professions which require them to interact frequently with live 

audiences or the general public (Khan et al., 2015).  
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The anxiety caused by public speaking can be accompanied by physical and 

psychological symptoms such as perspiration and a feeling of helplessness (Ibrahim & 

Devesh, 2019). For some people, public speaking anxiety has a deeper cause and is caused by 

a condition called glossophobia (fear of public speaking) (Rahma, 2018). Additionally, a fear 

of public speaking can negatively impact oral presentation performance across different 

contexts (Overholser, 2002). To avoid awkward moments, many individuals with a fear of 

public speaking try to avoid it, which can result in a loss of opportunities. As public speaking 

skills are essential in everyday life such as in schools and workplaces (Gupta et al., 2019), 

having a fear of public speaking can be detrimental to one’s social relationships and 

educational and career success (Wang et al., 2020). 

While traditional treatments for public speaking anxiety are useful, they have major 

limitations. For example, cognitive behavioral therapy and imaginary exposure therapy, 

which are common treatments for public speaking anxiety, require presenters to imagine 

feared social situations. This may be difficult for presenters who are unable to imagine these 

feared social situations (Wallach et al., 2009). These treatments also do not allow them to 

experience a real or real-like environment with audiences (Šalkevičius et al., 2019), which 

makes it less effective. Only 35.4% of students surveyed by Hauck and Hurd (2005) felt that 

imagining themselves having a friendly informal chat when presenting in a language 

classroom helps them reduce their oral presentation anxiety. Additionally, in in-vivo 

exposure, presenters are exposed to feared social situations in the real world. One 

disadvantage of in-vivo exposure is that it is difficult to control the anxiety-producing stimuli 

in the environment and the stimuli cannot be replayed many times to achieve habituation 

(Rothbaum et al., 2006). Moreover, highly anxious presenters may be too afraid to try it 

(Emmelkamp et al., 2001) and it may compromise their privacy (Lear, 2020). 
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Using VR in Treating Public Speaking Anxiety 

The aforementioned limitations can be overcome using VR. VR therapy for public 

speaking anxiety relies on anxiety habituation, where prolonged exposures to feared public 

speaking situations in simulated virtual environments will result in systematic desensitization 

to such scenarios (Zacarin et al., 2019). VR therapy for public speaking anxiety can provide 

exposure therapy practice for patients to experience simulated real-like feared social 

situations without having to imagine them (Yuen et al., 2019, p. 51). By wearing a VR 

headset, patients can deliver public speeches to reactive virtual audiences in virtual 

environments (Šalkevicius et al., 2019). The therapist can modify the number of virtual 

listeners, their looks, and behaviors to cater to an individual patient’s needs (Mostajeran et 

al., 2020). Moreover, unlike in-vivo exposure, VR therapy can be performed in the therapist’s 

office with just a head-mounted display, thus protecting the patients’ confidentiality (North et 

al., 1997) and avoiding public embarrassment (El-Yamri et al., 2019, p. 350). 

Research Gap 

While there have been 11 review papers written on VR, there are no meta-analyses 

that investigate the current application of VR for the treatment of public speaking anxiety. 

Among the 11 review papers, 10 are narrative reviews and systematic reviews, and only 

Gregg and Tarrier (2007) conducted a meta-analysis. However, their meta-analysis broadly 

focused on the use of VR to treat mental health disorders in general and did not focus 

specifically on public speaking anxiety. 

Therefore, the present study aimed to perform a meta-analysis of all publications that 

investigate the effectiveness of VR in alleviating public speaking anxiety. In this study, the 

effectiveness of public speaking anxiety treatment refers to the degree of reduction in public 

speaking anxiety from pre-test to post-test. The research questions for this review are as 

follows: 
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Research question 1: Is VR effective for the treatment of public speaking anxiety? 

Research question 2: What is the average number and length of VR sessions for 

studies that found VR to be effective for the treatment of public speaking anxiety? 

Research question 3: Is VR more effective than other treatment methods for the 

treatment of public speaking anxiety? 

Methodology 

Dataset 

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

protocol (Stovold et al., 2014) was used to report the findings of this meta-analysis. This 

framework has four stages, consisting of identification, screening, eligibility and included 

stages (Figure 1). Accordingly, publications that met all of the following inclusion criteria 

were included in the meta-analysis: 1. Related to virtual reality and public speaking anxiety, 

2. Non-review publication, 3. Non-duplicated publication, 4. Peer-reviewed publication and 

5. Publication that the authors have access to. Publications that did not meet these criteria 

were excluded. In the identification stage, a search for publications on the use of VR for the 

treatment of public speaking anxiety was conducted in Scopus on 15th January 2021. “Public 

speaking” and “virtual reality” were entered into the search engine for article title, abstract 

and keywords. The data range was set from all years to present and the search identified 146 

publications. However, in the screening and eligibility stages, 54 publications were removed 

from the dataset because they were either review publications, duplicate publications, non-

peer-reviewed publications, publications unrelated to the topic or publications that the authors 

did not have access to. Lastly, in the included stage, the final dataset consisted of 92 

publications published between 1999 and 2020. These included 72 experimental, 11 

quantitative non-experimental, seven qualitative, and two descriptive studies. 

Fig. 1 
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PRISMA Flow Diagram 

  

Coding Schemes for the 92 Non-Review Papers 

The coding scheme for the non-review papers included references, research 

question(s) or purpose of the study, research design, data analysis, reliability analysis, 

country where the study was conducted, sample size, gender distribution, number of VR 

session(s), length of each VR session, VR location(s), number of virtual audiences, behaviors 

of virtual audiences and whether the authors determined VR to be effective for the treatment 

of public speaking anxiety. 

Data Analysis 

Descriptive Statistics  

All research questions were answered using only data from the 92 non-review papers. 

The reasons for not using data from the 11 review papers were because 1. Many of the 92 

non-review papers were already examined in the 11 review papers; thus, the inclusion of the 

review papers may overstate the findings and 2. Most of the 11 review papers were not 
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closely relevant to the use of VR for the treatment of public speaking anxiety. Many of these 

papers either broadly focused on the use of VR to treat mental health disorders in general 

(Gregg & Tarrier, 2007; Repetto & Riva, 2011; North et al., 2002) or did not focus mainly on 

VR (Pull, 2012; Lipsitz & Marshall, 2001). Of the 11 review papers, only Hinojo-Lucena et 

al.’s (2020), Daniels et al.’s (2020) and Vanni et al.’s reviews (2013) focused specifically on 

the use of VR for the treatment of public speaking anxiety. 

Meta-Analysis  

A meta-analysis was conducted using Jamovi (2020), which is a statistical software 

based on the R statistical language. To conduct this meta-analysis, we examined the 

heterogeneity, publication bias, and combined effect of VR in the separate studies. First, 

heterogeneity is defined as a variability in the data that can be accounted for by the 

differences between the estimates of the studies that are included in a meta-analysis and is 

usually measured using I2 (Thorlund et al., 2012). I2 ranges from 0% to 100%, with lower 

values indicating more similarity in the degree of variability in the studies that are included in 

a meta-analysis and the sample it is compared to if the sample of studies is taken from the 

same population (Sedgwick, 2012, p. 2). Percentages of I2 below 25%, around 50% and more 

than 75% indicate low, moderate and strong heterogeneity, respectively (Ahn & Kang, 2018). 

Hence, low I2 values are desirable as they indicate consistency in results of separate studies. 

Moreover, publication bias occurs when studies that found large and significant 

results are disproportionately more likely to be included in a meta-analysis than studies that 

found small and insignificant results. This is unrepresentative of all studies that were 

conducted (Gage et al., 2017, p. 428) and can undermine the validity and generalizability of 

the findings of a meta-analysis (Lin et al., 2018). Publication bias will be measured using 

funnel plots, Kendall’s tau and Egger’s regression tests. Funnel plots are scatterplots of the 

estimates of each study included in a meta-analysis after accounting for the sample size used 
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in each study. Symmetrical funnel plots indicate no identifiable publication bias while 

asymmetric funnel plots indicate the presence of publication bias (Sterne et al., 2005, p. 75). 

Kendall’s tau is used to determine whether the correlation between the effect estimates and 

the variances of the studies included in a meta-analysis is significant (Begg & Mazumdar, 

1994). Similarly, the Egger’s regression test compares standardized regression estimates with 

standard errors (Egger et al., 1997). For both the Kendall’s tau and the Egger’s regression 

tests, if the p-values obtained are significant, it indicates potential publication bias (Van Enst 

et al., 2014). The combined effect of VR examines whether the aggregate findings of all 

studies are statistically significant which can be analyzed graphically using forest plots 

(Lewis & Clarke, 2001). 

Regarding research question 1, the number of studies that found VR to be effective 

for the treatment of public speaking anxiety was compared with the number of studies that 

found VR to be ineffective for the treatment of public speaking anxiety. An examination of 

the homogeneity of the studies (the I2 indexes), publication bias (Kendall’s tau and Egger’s 

regression values) and an estimation of the grand effect size for all studies were also 

conducted in the analysis. Research question 2 was answered by calculating the average 

number and length of VR sessions for studies that found VR to be effective for the treatment 

of public speaking anxiety. Lastly, for research question 3, the numbers of studies that found 

that VR is more, equally and less effective than other treatment methods were compared. This 

comparison allowed us to determine the relative effectiveness of VR compared to other 

treatment methods for the treatment of public speaking anxiety. An examination of the grand 

effect size for all studies was also conducted to examine whether there were statistically 

significant differences between the effectiveness of VR and other treatment methods for the 

treatment of public speaking anxiety. 
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Results 

Descriptive Statistics (92 Non-Review Papers) 

Table 1 shows the descriptive statistics for the 92 non-review studies. The most 

commonly adopted research design was experimental study (72 studies). There were only 11 

quantitative non-experimental, seven qualitative and two descriptive studies. The studies 

were conducted in 23 different countries. 14 studies did not mention the country where the 

study was conducted. The top three countries where the most number of studies were 

conducted were the United States of America (23 studies), Germany (10 studies) and the 

Netherlands (seven studies). The United Kingdom had the fourth highest number of studies 

(four studies). There were three studies conducted each in Sweden, Norway and Israel. 

Countries with two studies included Austria, Turkey, France, Portugal, Lithuania, Spain, 

India, China and Japan. Australia, South Korea, Canada, Costa Rica, Belgium, Greece and 

Brazil had one study each. About two-thirds of the studies (63 studies) had fewer than 50 

research participants. 15 studies had 50 to 100 research participants and six studies had more 

than 100 research participants.  

Many studies (65 studies) conducted fewer than five VR sessions. Only nine studies 

conducted five to 10 VR sessions and six studies conducted more than 10 VR sessions. The 

length of each VR session for many studies (54 studies) was less than 30 minutes. Only eight 

studies had VR sessions that were between 30 minutes and one hour and only seven studies 

had VR sessions that were longer than one hour. The VR sessions took place in various 

virtual locations, including classrooms or lecture rooms, auditoriums, conference rooms, 

offices, meeting rooms, streets, elevators, shops, bars, as well as a therapy room. The top 

three places were classrooms or lecture rooms (28 studies), auditoriums (16 studies) and 

conference rooms (12 studies). The number of virtual audiences used varied for different 
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studies. There were more studies (30 studies) that used fewer than 15 virtual audiences. Nine 

studies used 16 to 30 virtual audiences and seven studies used 31 to 50 audiences. 

Furthermore, the virtual audiences displayed diverse behaviors. The behaviors of the 

virtual audiences can be classified into positive, neutral and negative. Some examples of 

positive behaviors were leaning forward and nodding encouragingly. Neutral behaviors were 

neither supportive nor distracting and negative behaviors included yawning, falling asleep 

and laughing loudly. Many studies (42 studies) used virtual audiences that displayed a 

combination of positive, neutral and negative behaviors. Virtual audiences in five studies 

displayed positive behaviors only and virtual audiences in four studies displayed negative 

behaviors only. Seven studies used virtual audiences that displayed neutral behaviors only. 

Table 1 

 

Descriptive Statistics for the 92 Non-Review Studies 

 
Categories Number of publications 

Research designs Experimental studies 72 

 Quantitative non-
experimental studies 

11 

 Qualitative studies 7 

 Descriptive studies 2 

Countries where the study 
was conducted 

The United States of America 23 

 Germany 10 

 Netherlands 7 

 The United Kingdom 4 

 Sweden, Norway and Israel 3 each 

 Austria, Turkey, France, 
Portugal, Lithuania, Spain, 

India, China and Japan 

2 each 
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 Australia, South Korea, 
Canada, Costa Rica, Belgium, 

Greece and Brazil 

1 each 

 Not mentioned 14 

Number of research 
participants 

Fewer than 50 63 

 50 to 100 15 

 More than 100 6 

 Not mentioned 8 

Number of VR session(s) Fewer than 5 65 
 

5 to 10 9 
 

More than 10 6 
 

Not mentioned 12 

Length of each VR session Less than 30 minutes 54 
 

30 minutes to one hour 8 
 

More than one hour 7 
 

Not mentioned 23 

Virtual locations Classrooms or lecture rooms 28 
 

Auditoriums 16 
 

Conference rooms 12 
 

Offices 5 
 

Meeting rooms 5 
 

Streets 2 
 

Elevators 2 
 

Shops 2 
 

Bars 2 
 

Therapy room 1 

Number of virtual audiences Fewer than 15 30 
 

16 to 30 9 
 

31 to 50 7 
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Not mentioned or unclear 46 

Behaviors of virtual 
audiences 

Positive only 5 

 
Neutral only 7 

 
Negative only 4 

 
Mixed 42 

 
Not mentioned 34 

 

Research Question 1 (92 Non-Review Papers)  

Is VR effective for the treatment of public speaking anxiety? 

27 individual studies compared participants’ levels of public speaking anxiety during 

post-test with their levels of public speaking anxiety during pre-test. Of the 27 studies, 26 

studies found that VR is effective for the treatment of public speaking anxiety while only one 

study found that VR is not effective for the treatment of public speaking anxiety. 

The most commonly employed measures of public speaking anxiety used in the 27 

studies were the Fear of Negative Evaluation scale (FNE) (seven studies), the Liebowitz 

Social Anxiety Scale - Total (LSAS) (five studies), and the Personal Report of Confidence as 

a Speaker scale (PRCS) (four studies). Hence, one analysis each was conducted for studies 

that used these three measures of public speaking anxiety. The pre-test means, post-test 

means, pre-test standard deviations, post-test standard deviations, and the sample sizes of 

studies that measured public speaking anxiety using FNE, LSAS and PRCS were obtained 

directly from the studies and presented in Table 2.  

Table 2 

Means, Standard Deviations, and the Sample Sizes of Studies Using FNE, LSAS and PRCS 

ID of the study 
Pre-test 
means 

Post-test 
means 

Pre-test 
standard 
deviation 

Post-test 
standard 
deviation 

Effect 
sizes 

Sample 
size for 
pre-test 

Sample 
size for 
post-test 
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(Cohen’s 
d) 

FNE        
Anderson et al. (2013) 40.32 36.96 10.01 9.65 0.34 25 25 
Anderson et al. (2017) 40.31 38.77 10.93 8.54 0.15 13 13 
Bar-Zvi (2011) 21.80 18.90 3.58 5.02 0.64 10 10 
Güleç et al. (2019) 41.29 36.57 7.97 7.55 0.57 7 7 
Robillard et al. (2010) 25.64 18.00 6.13 8.21 1.02 14 14 
Safir et al. (2012) 21.04 17.30 7.54 8.30 0.47 28 28 
Wallach et al. (2009) 16.36 3.71 7.86 9.00 1.48 28 28 
LSAS        
Güleç et al. (2019) 56.86 51.43 11.99 9.88 0.46 7 7 
Harris et al. (2002) 52.25 37.75 18.61 23.29 0.65 8 8 
Klinger et al. (2005) 89.70 47.60 20.60 20.40 2.01 18 18 
Klinger et al. (2004) 83.90 45.50 23.50 22.40 1.64 18 18 
Robillard et al. (2010) 82.93 47.50 32.23 17.83 1.32 14 14 
PRCS        
Anderson et al. (2005) 21.40 12.00 5.89 6.32 1.47 10 10 
Anderson et al. (2013) 24.36 14.92 2.68 7.55 1.64 25 25 
Anderson et al. (2017) 24.61 17.38 3.25 7.11 1.27 13 13 
Harris et al. (2002) 22.63 12.63 4.66 4.96 1.96 8 8 

 

We examined heterogeneity, publication bias, and combined effect of VR in the 

separate studies using forest plots. First, we examined the heterogeneity for publications that 

measured public speaking anxiety using FNE, LSAS and PRCS. The heterogeneity statistics 

for PRCS indicated that the data were homogenous, as the I2 was 0% (Tau = 0.000; Tau2 = 0; 

H2 = 1.000; df = 3; Q = 0.996; p = 0.802). In addition, the I2 for FNE (Tau = 0.351; Tau2 = 

0.1231; H2 = 1.981; df = 6; Q = 11.648; p = 0.70) and LSAS (Tau = 0.428; Tau2 = 0.1833; H2 

= 1.927; df = 4; Q = 7.690; p = 0.104) were 49.53% and 48.09% respectively, which suggests 

moderate degrees of heterogeneity. In interpreting these results, we should take into account 

the small sample sizes of studies that measured public speaking anxiety using FNE and 

LSAS, which may be a contributory factor in the slightly higher heterogeneity estimates 

(IntHout et al., 2015). 

Next, funnel plots, Kendall’s tau and Egger’s regression values were used to detect 

any potential publication bias. The overall symmetrical distributions of effect sizes in the 
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funnel plots for publications that measured public speaking anxiety using FNE, LSAS and 

PRCS indicated that there was no identifiable publication bias (Figure 2). The p-values of the 

Kendall’s tau (p = 1.000 for FNE, 0.083 for LSAS and 0.750 for PRCS) and Egger’s 

regression tests (p = 0.882 for FNE, 0.012 for LSAS and 0.839 for PRCS) were also 

insignificant at the .01 level, further attesting no publication bias. 

Fig. 2 

Funnel Plots of Studies Measuring Public Speaking Anxiety Using FNE, LSAS and PRCS 

Measures of public 

speaking anxiety 

Funnel plots 

FNE 
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LSAS 

 
PRCS 

 
Note. All three funnel plots indicate no publication biases. 

Finally, we used forest plots to statistically determine whether the combined findings 

of all individual studies would indicate that VR had a significant effect on reducing 

participants’ public speaking anxiety from pre-test to post-test. Three separate forest plots 

were generated from the studies that measured public speaking anxiety using FNE, LSAS and 

PRCS, respectively (Figure 3). The diamond in each forest plot represents the overall 

combined effect of all individual studies. Individual studies with larger sample sizes were 

represented by larger boxes and contributed more to the results of the meta-analysis. The 
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rightmost column of the forest plots provides point estimates and confidence intervals where 

the “true” effect probably lies. The middle of the diamonds represents the mean effect 

estimates of all studies combined. Additionally, the length of the diamonds indicates the 

length of the confidence intervals and the two ends of the confidence intervals were indicated 

by each end of the diamond. If the diamonds cut the vertical dotted line called the “line of 

null effect”, which corresponds to the effect size value of 0, it would indicate that VR is 

neither statistically effective nor ineffective for the treatment of public speaking anxiety. As 

the three diamonds for studies that measured public speaking anxiety using FNE, LSAS and 

PRCS lie on the right of the “line of null effect” entirely, the findings of all the three analyses 

indicate that VR is statistically effective for the treatment of public speaking anxiety. 

Fig. 3 

Forest Plots of Studies that Measured Public Speaking Anxiety using FNE, LSAS and PRCS 

Measures of 

public 

speaking 

anxiety 

Forest plots 

FNE 
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LSAS 

 
PRCS 

 
Note. The above forest plots indicate that VR is statistically effective for the treatment of 

public speaking anxiety. 

Research Question 2 (92 Non-Review Papers) 

What is the average number and length of VR sessions for studies that found VR to be effective 

for the treatment of public speaking anxiety? 

As the foregoing meta-analysis in research question 1 showed that VR had a 

statistically significant effect on reducing participants’ public speaking anxiety, a descriptive 

analysis of the number and length of VR sessions was conducted. The 26 studies that found 

that VR is effective for the treatment of public speaking anxiety conducted an average of 6.33 

VR sessions (SD = 4.29; median = 4.75; min = 1; max = 16 VR sessions). Thirteen studies 

conducted fewer than five VR sessions. The number of studies that conducted five to 10 VR 

sessions and 10 to 15 VR sessions were six each. There was only one study that conducted 

more than 15 VR sessions. The average length of each VR session was 37 minutes. The range 
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was 175 minutes, where the shortest VR session was five minutes and the longest VR session 

was 180 minutes. The standard deviation and median were 41 minutes and 20 minutes 

respectively. 

Research Question 3 (92 Non-Review Papers) 

Is VR more effective than other treatment methods for the treatment of public speaking anxiety? 

While research question 1 compared the participants’ levels of public speaking 

anxiety during pre-test with their levels of public speaking anxiety during post-test, research 

question 3 compared the effectiveness of VR in treating public speaking anxiety with other 

treatment methods. Both an analysis of the individual studies and the forest plots showed that 

VR is as effective as other treatment methods for the treatment of public speaking anxiety. 

Overall, 12 studies (13%) compared the effectiveness of VR with other treatment 

methods such as exposure group therapy, psychoeducation and cognitive behavioral therapy. 

A descriptive analysis of these studies found that VR is generally as effective as other 

treatment methods. Ten studies found that VR is as effective as other treatment methods. 

While no study found that VR is less effective than other treatment methods, only two studies 

found that VR is more effective than other treatment methods. 

Of the 12 studies that compared the effectiveness of VR for the treatment of public 

speaking anxiety with other treatment methods, two of the most common measurements of 

public speaking anxiety were FNE (seven studies) and LSAS (four studies). Hence, two 

separate analyses were conducted using studies that measured public speaking anxiety using 

FNE and LSAS. Only studies that provided post-test means, post-test standard deviations of 

public speaking anxiety measured using FNE and LSAS, and sample sizes of VR and other 

treatment methods groups were used to run the meta-analysis (see Table 3 and Table 4). 

Table 3 
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Descriptive Statistics of VR and Control Groups of Studies Measuring Public Speaking 

Anxiety using FNE 

ID of the study Control group Post-
test 

mean 
for 
VR 

group 

Post-
test 

SD for 
VR 

group 

Post-
test 

mean 
for 

other 
treatm

ent 
metho

d 

Post-
test 

SD for 
other 
treatm

ent 
metho

d 

Effect 
sizes 

(Cohen’
s d) 

Sampl
e size 

for 
VR 

group 

Sampl
e size 

for 
other 
treatm

ent 
metho

d 

Anderson et al. 
(2013) 

Exposure group 
therapy 

39.47 10.70 38.68 9.31 0.08 25 25 

Anderson et al. 
(2017) 

Exposure group 
therapy 

38.77 8.54 35.93 7.24 0.35 13 15 

Güleç et al. 
(2019) 

Psychoeducation 36.57 7.55 38.57 5.26 -0.29 7 7 

Bar-Zvi (2011) Cognitive 
restructuring 

18.90 5.02 19.50 4.48 -0.12 10 10 

Bar-Zvi (2011) Cognitive 
behavioral 

therapy 

18.90 5.02 16.36 7.86 0.34 10 28 

Robillard et al. 
(2010) 

Cognitive 
behavioral 

therapy 

18.00 8.21 18.50 7.66 -0.06 14 16 

Safir et al. (2012) Cognitive 
behavioral 

therapy 

17.30 8.30 19.09 8.25 -0.21 28 30 

Wallach et al. 
(2009) 

Cognitive 
behavioral 

therapy 

20.07 6.89 21.67 5.80 -0.25 28 30 

 

Table 4 
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Descriptive Statistics of VR and Control Groups of Studies Measuring Public Speaking 

Anxiety using LSAS 

ID of the study Control group Post-
test 

mean 
for 
VR 

group 

Post-
test 

SD for 
VR 

group 

Post-
test 

mean 
for 

other 
treatm

ent 
metho

d 

Post-
test 

SD for 
other 
treatm

ent 
metho

d 

Effect 
sizes 

(Cohen’
s d) 

Sampl
e size 

for 
VR 

group 

Sampl
e size 

for 
other 
treatm

ent 
metho

d 

Güleç et al. 
(2019) 

Psychoeducation 51.43 9.88 52.00 4.40 -0.07 7 7 

Klinger et al. 
(2005) 

Cognitive 
behavioral 

therapy 

47.60 20.40 43.50 24.60 0.18 18 18 

Klinger et al. 
(2004) 

Cognitive 
behavioral 

therapy 

43.50 24.60 47.60 20.40 -0.18 18 18 

Robillard et al. 
(2010) 

Cognitive 
behavioral 

therapy 

47.50 17.83 50.38 23.87 -0.13 14 16 

 

We examined the homogeneity of the studies (the I2 indexes) and publication bias 

(Kendall’s tau and Egger’s regression values) and estimated the grand effect size for all the 

studies in the analysis. The data for both analyses using FNE and LSAS were estimated to be 

homogenous. This is because the I2 of the homogeneity statistics for studies that measured 

public speaking anxiety using FNE (Tau = 0; Tau2 = 0; H2 = 1; df = 7; Q = 3.593; p = 0.825) 

and LSAS (Tau = 0; Tau2 = 0; H2 = 1; df = 3; Q = 0.658; p = 0.883) were both 0%. 

Funnel plots (Figure 4), Kendall’s tau and Egger’s regression values were used to 

detect publication biases. The symmetrical distribution of effect sizes in both the FNE and the 

LSAS funnel plots indicate no publication biases. The insignificant p-values of the Kendall’s 
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tau (p = 0.72 for FNE and 0.718 for LSAS) and the Egger’s regression tests (p = 0.622 for 

FNE and 0.906 for LSAS) for both analyses also suggested no publication biases. 

 

Fig. 4 

Funnel Plots of Studies 

Measures of 

public speaking 

anxiety 

Funnel plots 

FNE 

 
LSAS 

 
Note. Both funnel plots indicate no publication biases. 
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Consistent with the analyses of the individual studies, the forest plots for studies that 

measured public speaking anxiety using FNE and LSAS revealed that there were no 

statistically significant differences between the effectiveness of VR and other treatment 

methods for the treatment of public speaking anxiety (Figure 5). The other treatment groups 

that VR was compared to are indicated in the leftmost column of the forest plot. If VR is 

statistically significantly more effective than other treatment groups for the treatment of 

public speaking anxiety, the entire diamond will lie on the left of the “line of null effect”. In 

contrast, if other treatment groups are statistically significantly more effective than VR for 

the treatment of public speaking anxiety, the entire diamond will lie on the right of the “line 

of null effect”. The analyses using studies that measured public speaking anxiety using FNE 

and LSAS imply that VR is statistically as effective as other treatment methods for the 

treatment of public speaking anxiety because both diamonds cut the “line of null effect”. 

Fig. 5 

Forest Plots of Studies that Measured Public Speaking Anxiety using FNE and LSAS 

Measures of 

public speaking 

anxiety 

Forest plots 

FNE 
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LSAS 

 
Note. Both forest plots show that VR is statistically as effective as other treatment methods 

for the treatment of public speaking anxiety. 

 

Summary of Findings  

Overall, the descriptive statistics showed that past studies on the role of VR for the 

treatment of public speaking anxiety used a variety of research designs. These designs 

include review, experimental, quantitative non-experimental, qualitative and descriptive 

methods. Additionally, for non-review papers, the studies were conducted in many different 

countries so the findings can be generalized to people from different countries. However, 

many non-review studies recruited fewer than 50 research participants. The small sample size 

may have increased the likelihood of false positives and false negatives (Oakes, 2017). The 

descriptive statistics also showed that a range of the number and the length of VR sessions, 

virtual locations, the number of virtual audiences and the behaviors of virtual audiences were 

used in the non-review studies. 

Discussion 

This study sets out to investigate the effect of using VR in treating public speaking 

anxiety. This meta-analysis included 92 studies, which is significantly larger than previous 

review publications. The research questions of this study are discussed next. 
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Research Question 1 

Is VR effective for the treatment of public speaking anxiety? 

This meta-analysis found that VR is a useful and promising therapeutic tool for the 

treatment of public speaking anxiety. There are 27 studies that examined the effectiveness of 

VR for the treatment of public speaking anxiety. Out of these 27 studies, 26 of the studies 

found that VR is effective by comparing participants’ levels of public speaking anxiety 

during pre-test with their levels of public speaking anxiety during post-test. Furthermore, the 

forest plots showed that VR is effective for the treatment of public speaking anxiety. This 

result is consistent with the findings of Gregg and Tarrier’s meta-analysis (2007). Although 

they did not focus specifically on public speaking anxiety, they reviewed 17 publications and 

found that VR is beneficial for the treatment of mental health disorders. 

Notably, Slater et al. (2006, p. 627) claimed that the VR environments must be able to 

engender an increase in the participants’ public speaking anxiety during VR sessions for it to 

be effective in its treatment. This is because VR therapy for the treatment of public speaking 

anxiety relies on anxiety habituation. The prolonged exposures to anxiety-provoking stimuli 

in public speaking scenarios in VR will result in systematic desensitization (Zacarin et al., 

2019). Kothgassner et al.’s experiment (2016, p. 129) and Vanni et al.’s review (2013) 

supported the claim that public speaking anxiety in VR is comparable to public speaking 

anxiety in actual public speaking. Relatedly, Kothgassner et al. (2016, p. 129) found no 

statistically significant differences in self-reported public speaking anxiety levels of 

participants who presented to real audiences and those who presented to virtual audiences. 

Additionally, the self-reported public speaking anxiety levels of these two groups were 

significantly higher than the control group who presented to an empty lecture hall. Therefore, 

VR provides participants with prolonged exposures to anxiety-provoking stimuli in public 
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speaking scenarios, which allows for systematic desensitization and makes it effective for the 

treatment of public speaking anxiety. 

Anxiety habituation and systematic desensitization of anxiety-provoking stimuli in 

public speaking scenarios in VR is enhanced by the high similarity between the environments 

and the behaviors of virtual audiences in VR and actual public speaking. This will allow users 

to apply anxiety-coping behaviors they have learned during simulated public speaking in VR 

to actual public speaking in the real world (Parsons, 2016). Similar to actual public speaking 

environments, the VR environments that participants see change according to their head 

movements (Wallach et al., 2009, p. 318). VR also simulates typical public speaking 

locations (Vanni et al., 2013) such as classrooms or lecture rooms, auditoriums, conference 

rooms, offices, meeting rooms, streets, elevators, shops, bars and therapy rooms. Expressive 

VR characters with highly realistic appearances and a fine-grained repertoire of human-like 

behaviors and virtual locations are often created based on careful observations (Slater et al., 

2006) or recording of real audiences and places (Dubiago et al., 2017) in actual public 

speaking scenarios. The virtual characters are often designed to display subtle gestures and 

random autonomous behaviors such as nodding, yawning and coughing in order to make 

them more believable and naturalistic (Slater et al., 1999, p. 2). Hence, the high resemblance 

between the environments in VR and actual public speaking will make it easier for 

participants to transfer their learned public speaking skills and knowledge such as adaptive 

strategies to anxiety-provoking stimuli (Kothgassner et al., 2016, p. 125) from VR to the real 

world (Kothgassner et al., 2012). This will in turn increase the effectiveness of VR for the 

treatment of public speaking anxiety. 

Moreover, the effectiveness of VR for the treatment of public speaking anxiety is 

increased by the flexibility of VR for therapeutic usage (Geiszt et al., 2006). The therapists 

can easily manipulate the stimuli and elements in the VR environments such as the virtual 



VIRTUAL REALITY AND PUBLIC SPEAKING ANXIETY                                           27 

 
 

locations, the number of virtual audiences and the behaviors of the virtual audiences to 

provide customized treatments for each patient in a well-controlled environment. This allows 

the therapists to set specific challenges and targets for each patient in order to tailor to each 

patient’s specific treatment needs and the severity of their public speaking anxiety (Flobak et 

al., 2019).  

Research Question 2 

What is the average number and length of VR sessions for studies that found VR to be 

effective for the treatment of public speaking anxiety? 

Boetje and Van Ginkel (2020) argued that the optimum number of VR sessions for 

VR to be effective for presentation training such as the reduction of public speaking anxiety 

is unclear. However, they found that a third VR session is useful for the development of 

presentation skills. Therefore, it is important to determine the average number and length of 

VR sessions for studies that found that VR is effective for the treatment of public speaking 

anxiety. In this study, it was found that the average number and length of VR sessions for 

studies that found VR to be effective for the treatment of public speaking anxiety were 6.33 

VR sessions and 37 minutes respectively. Despite that, a specific number and length of VR 

sessions cannot be recommended because the characteristics of VR treatments such as VR 

environments used were different for each study. The result was also based on a small 

number of studies that found VR to be effective for the treatment of public speaking anxiety. 

Nonetheless, the average number and length of VR sessions can serve as a guide for effective 

treatment. However, it should be adjusted according to the severity of the patients’ public 

speaking anxiety and therapy needs. It could also help future researchers who are interested 

in conducting experiments in order to examine how the number and length of VR sessions 

affect the effectiveness of VR for the treatment of public speaking anxiety to choose the 

appropriate number and length of VR sessions for their treatments and control groups. 
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Research Question 3 

Is VR more effective than other treatment methods for the treatment of public speaking 

anxiety? 

Additionally, VR is as effective as other treatment methods for public speaking 

anxiety as the meta-analysis found no significant differences between the effectiveness of VR 

and other treatment groups for the treatment of public speaking anxiety. This result is 

consistent with the results of Gregg and Tarrier’s meta-analysis (2007) which reviewed 17 

publications and found that VR is as effective as other treatment methods for the treatment of 

mental health disorders. This result is also similar to the findings of Vanni et al.’s narrative 

review (2013) which found that VR is potentially as effective as in-vivo exposure and more 

effective than imaginary exposure for the treatment of public speaking anxiety. 

These findings may be explained by the disadvantages of VR. For instance, while 

public speaking environments in VR can highly resemble actual public speaking 

environments, they can never be exact representations of actual public speaking 

environments. Virtual characters may not be able to perform complex actions accurately 

(Klinger et al., 2005, p. 86). For example, a participant in Pertaub et al.’s experiment (2001) 

commented that some members of the positive virtual audiences congratulated him or her at 

inappropriate moments. In most cases, their actions are also pre-programmed and may not 

always realistically change according to the participants’ behaviors (Slater et al., 2006). 

Moreover, they may be unable to engage in spontaneous verbal interactions with participants. 

Additionally, some cognitive processes of participants in VR seemed to suggest that they may 

not have taken public speaking in VR as seriously as if it had been a real-life public speaking 

situation. For instance, some participants in Pertaub et al.’s experiment (2001) thought that it 

was amusing when the virtual audiences reacted to their presentations in VR. This suggests 

that these participants were not behaving the same way in VR as they would in actual public 
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speaking. This will make it more difficult for them to transfer their learned public speaking 

skills and knowledge such as adaptive strategies to anxiety-provoking stimuli (Kothgassner et 

al., 2016, p. 125) from public speaking in VR to actual public speaking (Kothgassner et al., 

2012). This may lower the effectiveness of VR for the treatment of public speaking anxiety. 

Due to these limitations, there is still room for improvement for VR to be more effective for 

the treatment of public speaking anxiety. 

Furthermore, other treatment methods may also have some advantages over just 

relying on exposure to anxiety-provoking public speaking situations in VR for the treatment 

of public speaking anxiety. For example, cognitive behavioral therapy can be used to correct 

participants’ faulty and distressing thoughts and beliefs about public speaking (Glassman et 

al., 2016, p. 750). This is especially useful for the treatment of public speaking anxiety since 

people with public speaking anxiety tend to be overly self-conscious about how the audiences 

would perceive them during public speaking. They are likely to catastrophize and selectively 

focus on the threat of negative consequences that may arise during public speaking such as 

potential public scrutiny and criticism (Wallach et al., 2009, p. 315). 

Therefore, rather than a complete replacement of existing treatment methods, VR 

should be seen as a complement (Lister et al., 2010, p. 379) to make up for some drawbacks 

of other treatment methods. For example, it can be used together with in-vivo exposure in 

order to expose patients to public speaking situations that they cannot experience in in-vivo 

exposure (Gregg & Tarrier, 2007, p. 344). Other than complementing in-vivo exposure, VR 

can be used as an alternative for imaginary exposure therapy for patients who have problems 

imagining feared public speaking situations (Kothgassner et al., 2016, p. 125). This also helps 

to overcome the lack of control over the public speaking environments that patients visualize 

in imaginary exposure therapy as the therapists can easily control the stimuli in VR (Gregg & 

Tarrier, 2007, p. 344). Furthermore, numerous studies have shown that using VR together 
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with cognitive behavioral therapy is effective for the treatment of public speaking anxiety 

(Anderson et al., 2005; Wallach et al., 2009). Some phobic patients are also too anxious to 

undergo in-vivo exposure and that may lead to high rates of treatment refusal and drop-out 

(Meyerbröker & Emmelkamp, 2010, p. 939). Therefore, VR may be used as an intermediate 

treatment step to persuade these patients to first engage in mock public speaking in VR. 

When they gain more confidence through the VR experience, they may proceed to actual 

public speaking situations in the real world (Owens & Beidel, 2015). 

Limitation 

There is a limitation to this meta-analysis. In this study, VR is found to be effective 

for the treatment of public speaking anxiety by comparing participants’ levels of post-test 

public speaking anxiety with their levels of pre-test public speaking anxiety. However, this 

finding may be partly influenced by outcome expectancy. This is because when participants 

undergo VR therapies, they tend to expect the therapies to help them overcome their public 

speaking anxiety (Anderson et al., 2013, p. 757). Hence, they may perceive it to be more 

effective than it is (Price & Anderson, 2012). This is especially problematic with self-

reported measures of public speaking anxiety such as self-reported questionnaires that were 

used in the studies reviewed in this meta-analysis. Therefore, participants’ public speaking 

anxiety should be measured objectively using behavioral and physiological measures. 

Behavioral measures involve recording participants’ public speaking anxiety behavior such as 

avoidance of eye contact with the audiences. Physiological measures refer to biometrics 

measurements such as galvanic skin response, skin temperature, heart rate and heart rate 

variability (Ling et al., 2010). Despite this limitation, the findings of this study are clinically 

relevant and may be of interest to clinical psychologists and researchers looking to examine 

the role of VR in the treatment of public speaking anxiety. 
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Conclusion 

This study has conducted a meta-analysis of 92 publications on the role of VR in 

alleviating public speaking anxiety. It has also provided useful information on the 

effectiveness of VR for the treatment of public speaking anxiety, which can help clinical 

psychologists decide whether they want to utilize this technology in therapies. 

Firstly, this review found that VR is effective for the treatment of public speaking 

anxiety. The high similarity between VR and actual public speaking environments and the 

fact that the therapists can control many elements in VR environments such as the virtual 

locations in order to cater to each patient’s therapy needs may have contributed to the 

effectiveness of VR for the treatment of public speaking anxiety. Moreover, the average 

number and length of VR sessions for studies that found that VR is effective for the treatment 

of public speaking anxiety were 6.33 VR sessions and 37 minutes respectively. This can 

serve as a guide for effective treatment although it should be adjusted according to each 

patient’s therapy needs. Furthermore, this information may be beneficial for researchers who 

are interested in conducting experiments to investigate the effect of the number and length of 

VR sessions on the effectiveness of VR for the treatment of public speaking anxiety. Lastly, 

VR is generally as effective as other treatment methods for the treatment of public speaking 

anxiety. This may be due to some disadvantages of VR and the advantages of other treatment 

methods. Hence, rather than completely replacing other treatment methods, VR should be 

used to complement other treatment methods to compensate for some of their disadvantages. 

Nonetheless, VR technologies are currently undergoing constant and rapid 

development and improvement (Gregg & Tarrier, 2007, p. 344). Researchers have been 

actively looking into how to develop more effective VR technologies for the treatment of 

public speaking anxiety (Khurpade et al., 2020; Kang et al., 2013). With the advancement in 

technology, VR may have the potential to deliver more efficacious treatment in the future. 
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Hence, this review should be replicated in future studies in order to obtain the most updated 

knowledge regarding the effectiveness of VR in alleviating public speaking anxiety. 
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