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Introduction: Although several trials have demonstrated the effectiveness of Virtual Reality Exposure Therapy (VRET) for reducing social anxiety, there is little understanding about the factors that lead to symptom reduction across different treatment designs. Such factors may include outcome expectancy, therapeutic alliance, presence (perception of being in the virtual environment) and social presence (perception of interacting with others). We report on findings from a pilot trial of VRET targeting social anxiety in people who stutter, and examine the association of these four factors with treatment outcome.
Methods: People who stutter reporting heightened social anxiety (n = 22) took part in the trial after being recruited via online adverts. Remotely delivered VRET was administered to participants in three sessions across three weeks. Each session targeted both performative and interactive anxiety. A virtual therapist helped participants to engage with treatment strategies, whilst also guiding them through exercises.
Results: Findings showed that presence and social presence were both negatively related to changes in fear of negative evaluation between pre- and post-treatment. However, presence, outcome expectancy and therapeutic alliance were positively related to changes in social anxiety symptoms. Furthermore, outcome expectancy and therapeutic alliance were quadratically related to fear of negative evaluation change. Nevertheless, the effect of presence on social anxiety, and the effects of presence and therapeutic alliance on fear of negative evaluation must be interpreted with caution as these were not large enough to reach sufficient statistical power. Therapeutic alliance did not mediate the relationship between outcome expectancy and treatment outcome.
Discussion: These findings suggest that the current VRET protocol affected social anxiety and fear of negative evaluation differently. We discuss how presence may underlie these mixed associations. We also suggest that the unexpected positive effects on social anxiety symptoms may have resulted from insufficient treatment strategies which inadvertently encouraged maladaptive learning.
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1 INTRODUCTION
Virtual Reality Exposure Therapy (VRET), which involves an individual confronting virtually recreated fear-inducing situations, is increasingly becoming a viable and effective option for treating anxiety disorders. One area of growing interest is using VRET for treatment of social anxiety associated with stuttering. Stuttering is a developmental speech disorder which disrupts the fluent production of speech (American Psychiatric Association, 2013). People who stutter (PWS) are also at a greater risk compared to non-stuttering individuals of developing heightened levels of social anxiety (Craig and Tran, 2014; Iverach and Rapee, 2014). Social anxiety represents “a marked, or intense, fear or anxiety of social situations in which the individual may be scrutinized by others” (American Psychiatric Association, 2013), and is underlain by the expectation of negative evaluation from others (Rapee and Heimberg, 1997). VRET can target this fear of negative evaluation by using avatars in virtual social scenarios that provoke fears of public scrutiny. In the case of stuttering, this might involve the inclusion of stuttering-specific feared situations such as speaking on the telephone, or targeting stuttering-specific processes such as the avoidance of feared words (Iverach et al., 2017). The ability of virtual reality (VR) to create on-demand experiences and reduce the resource burden of in vivo exposure makes VRET a particularly appealing alternative for social anxiety treatment as well as prevention.
There is strong support for the development and implementation of VRET across different anxiety types and disorders (Freeman et al., 2017). Several randomized controlled trials (Klinger et al., 2005; Wallach et al., 2009; Robillard et al., 2010; Anderson et al., 2013; Kampmann et al., 2016a; Bouchard et al., 2017) and three meta-analyses (Kampmann et al., 2016b; Chesham et al., 2018; Horigome et al., 2020) support its use for reducing social anxiety. These results suggest that VRET is either comparable to existing treatments (Klinger et al., 2005; Wallach et al., 2009; Anderson et al., 2013; Kampmann et al., 2016a; Kampmann et al., 2016b; Bouchard et al., 2017; Chesham et al., 2018; Horigome et al., 2020) or at least superior to waitlist control conditions (Robillard et al., 2010; Kampmann et al., 2016a; Bouchard et al., 2017). We recently conducted a small-scale randomized pilot trial of VRET specifically adapted to target social anxiety associated with stuttering (Chard et al., 2023). Despite no observed differences between the VRET and waitlist control group on symptom reduction, VRET was associated with reduced social anxiety between post-treatment and 1-month follow-up. Two other small-scale trials have explored the use of exposure within this group, one using VR (Walkom, 2016) and the other in vivo (Scheurich et al., 2019). Both targeted public-speaking fears relevant to stuttering and observed decreases to social anxiety symptoms. However, neither study statistically analyzed their data.
Despite these promising early findings, there are several knowledge gaps regarding how VRET works and for whom, compared to in vivo exposure treatment. In a recently published review of different techniques adopted in VRET protocols, we examined the comparative value and applicability of different features across contexts (Chard and van Zalk, 2022). We discussed how various visual modalities, headsets, exposure techniques and therapist formats have been applied across protocols. We emphasized the importance of VRET targeting different social fears, particularly verbal interaction. However, the role of VR user experience and treatment mechanisms in influencing treatment outcome is poorly understood. Due to the relative novelty of this treatment modality, it cannot be assumed that the mechanisms through which in vivo exposure causes symptom reduction can be directly applied to VRET. In this study, we will build on our previous work by investigating the association between four factors (presence, social presence, outcome expectancy and therapeutic alliance) and treatment outcome from VRET targeting social anxiety in stuttering. Thus, we seek to understand how VRET can be designed to elicit greater social anxiety symptom reduction in PWS.
1.1 The importance of presence
Presence is an important factor for eliciting normal human behavior and emotional reactions in response to virtual stimuli. It describes the “perceptual illusion” of being physically present and involved within a virtual environment (Lombard and Ditton, 1997). Even though users know they are experiencing a virtual world, this illusion allows them to react to a virtual environment in the same way they would to a real environment (Slater, 2018). Research suggests presence is comprised of two components (Slater, 2009): 1) place illusion, referring to the sense of “being there” within a physical space, and 2) plausibility illusion, referring to the illusion that what the user is experiencing in the virtual environment is actually happening. The resulting sensation is conceptualized as a construct that facilitates the activation of fear in response to a virtual stimulus. There is widespread support for the link between presence and anxiety (Ling et al., 2014), though research suggests it might not be straightforward in the context of social anxiety (Ling et al., 2014; Morina et al., 2014). In particular, one study found that presence was negatively correlated with social anxiety (Felnhofer et al., 2014). The authors suggest that this could be the result of behavioral inhibition in which higher anxiety levels lead to less exploration of virtual environments which in turn reduces presence. Others suggest that presence is necessary for inducing emotional reactions, but there is a trigger point at which it becomes sufficient, indicating a non-linear relationship (Bouchard et al., 2012). The only study, to our understanding, that has examined presence in the context of stuttering, found it was not related to stuttering severity during a virtual job interview (Brundage et al., 2006). Given stuttering severity appears linked to state social anxiety (Ezrati-Vinacour and Levin, 2004), this finding might suggest presence is also less relevant for PWS. Together, these findings indicate that the components of presence may not capture the essential sense of presence required for activating fear in response to social cues.
A separate but related concept that is particularly relevant for social scenarios in VR is social presence. This refers to the “sense of being with another” (Biocca et al., 2003, p. 456). Social presence is elicited within a mediated interaction with another co-present being that appears sentient. Without social presence, this being would be perceived as just an artificial object. By placing emphasis on social cues rather than physical cues, it may better explain how fear of negative evaluation can be elicited in response to virtual verbal and non-verbal cues. Research supports social presence as a facilitator of regular human behavior (Strojny et al., 2020), and emotional reactions in virtual social settings (Pfaller et al., 2021). However, the association between social presence and social anxiety has not yet received much research attention.
The conceptualization of presence and social presence as facilitators of emotional reactions within virtual environments suggests they may influence treatment outcome in VRET. According to the emotional processing theory, exposure relies on the activation of fear structures during exercises to achieve habituation towards feared stimuli (Foa and Kozak, 1986). Presence and social presence have therefore been theorized as key mechanisms that facilitate habituation (Wiederhold and Wiederhold, 2005). However, the lack of clarity over whether presence influences social anxiety implies that presence may not be a core mechanism through which emotional processing leads to social anxiety symptom change. Nevertheless, social presence may play this role if it can facilitate the induction of social fears in VR. The concept of presence is also theorized to be influential for treatment outcome under the inhibitory learning model of exposure (Craske et al., 2008; Craske et al., 2014). This approach uses a broader learning strategy to break down individuals’ fearful expectations rather than promoting fear activation and habituation. The overall aim is to learn that feared scenarios do not consistently result in feared expectations. Nevertheless, it is important that feared stimuli are believable and induce the same reactions when presented virtually so that strategies can be learnt to manage this fear. Greater levels of presence and social presence may facilitate these emotional reactions. More importantly, however, they are expected to improve attentiveness to others’ behaviors and improve believability of events in the virtual scene, reinforcing newly learnt associations with feared social cues.
As expected, evidence for the influence of presence on social anxiety reduction from VRET is not consistent. In one trial of VRET for public speaking anxiety, presence significantly predicted symptom reduction (Reeves et al., 2021). However, another study showed that despite a significant effect of VRET on social anxiety reduction, presence did not moderate this effect (Kahlon et al., 2019). A third study found that whilst presence was not related to treatment outcome, the involvement subfactor was (Price et al., 2011). The authors suggest that a higher level of involvement indicates a greater level of sustained attention during exposure exercises, minimizing distraction from other cues and allowing individuals to focus on extinction learning. Nevertheless, the influence of social presence on treatment outcome is unknown. As social presence is more relevant to virtual social environments, it may also play a greater role than presence in supporting symptom change from VRET. These links require further research.
1.2 The importance of therapeutic alliance
Another factor that could impact treatment outcomes in VRET for anxiety is therapeutic alliance. This refers to the collaborative working relationship between a therapist and individual. It encompasses both the individual’s sense of feeling supported by the therapist, and their faith in the therapeutic process (Luborsky, 1976). Therapeutic alliance is suggested to provide the necessary context for therapeutic strategies to work (Horvath and Greenberg, 1989). As such, therapist-led treatments tend to emphasize alliance in treatment design.
By this broad definition, alliance is conceptualized as an integral mechanism for affecting symptom change across a variety of therapeutic contexts. In the context of speech therapy targeting speech fluency in stuttering, the therapeutic relationship is considered a particularly important factor (Sønsterud et al., 2019). PWS report that a pre-existing therapist relationship facilitates access to psychological treatment alongside speech therapy (Lindsay and Langevin, 2017). However, research is yet to explore the effect of alliance on outcomes from social anxiety treatment amongst PWS.
Research exploring the relationship between therapeutic alliance and treatment outcome in the general population has shown mixed findings, especially in the context of social anxiety treatment. Type of treatment and level of therapist responsibility have been suggested as moderators of the relationship. In two studies, the level of therapist influence and input was used to explain the existence and absence of this relationship in different treatment methods (Jazaieri et al., 2018; Kivity et al., 2021). Similarly, the ability of the therapist to personalize treatment may also determine alliance’s ability to influence treatment outcome. Delivering treatment through a group format is unlikely to result in the same level of tailored goals and exercises as would be expected in individual treatment. Findings from two trials using group cognitive behavioral therapy (CBT) found no association between alliance and symptom change (Woody and Adessky, 2002; Jazaieri et al., 2018), whilst alliance has been linked to symptom change in individual CBT (Kivity et al., 2021). Another study using individual CBT found that higher levels of alliance were associated with improvements to treatment outcome, whilst lower levels of alliance increased the chance of dropping out (Haug et al., 2016). Nevertheless, one study comparing individual and group CBT found alliance was unrelated to symptom change in both treatment formats (Mörtberg, 2014). Taken together, evidence for the influence of alliance on social anxiety reduction from CBT remains inconclusive. The fear of being negatively evaluated may contribute to this by posing a threat to the interpersonal relationship with a therapist (Draheim and Anderson, 2019). As such, alliance may be more challenging to recreate in the context of social anxiety treatment.
In VRET, the therapist may take on different roles including functional operating roles. For the majority of trials examining VRET targeting social anxiety, real therapists with traditional roles have supported treatment delivery (Chard and van Zalk, 2022). In three trials, alliance was shown to be comparable between VRET and in vivo exposure therapy (Anderson et al., 2013; Ngai et al., 2015; Bouchard et al., 2017). In the only study of VRET targeting social anxiety to explore the influence of alliance, findings showed that it was a strong significant predictor of later symptom change (Bouchard et al., 2017). Similar relationships have been shown in VRET targeting other phobias (Miragall et al., 2015). As some of the therapist interaction in VRET happens without eye contact, there are fewer visual cues for this interaction to trigger the fear of negative evaluation. This might therefore provide a better context for alliance to develop, but research relating to alliance in VRET is limited and more is required to understand how it operates.
Remotely delivered and self-guided VRET extends the question of what the therapist role should look like, and what features can be harnessed from traditional treatments. There are no consistent guidelines for how virtual therapists should operate, and they can appear visually or through audio (Provoost et al., 2017). In the only trial of VRET for social anxiety that has experimented with a virtual therapist, findings showed that VRET significantly reduced social anxiety compared to waitlist, though there was no assessment of alliance (Zainal et al., 2021). Because this method eliminates real social exchange that can elicit fear of negative evaluation, virtual therapists may have the potential to elicit higher levels of alliance, which further promotes treatment outcome. However, they also offer less flexibility in providing personalized guidance, and developing a collaborative relationship may be challenging. As the technology improves, VR poses the opportunity to recreate therapist-patient interactions in a setting that is believable, approachable, and potentially less anxiety-inducing. Further research is clearly required to elucidate whether therapeutic alliance is a significant factor within this format of VRET.
1.3 Outcome expectancy and links to therapeutic alliance
Outcome expectancy refers to an individual’s beliefs about how successful treatment will likely be, and the potential benefits that will come if they continue to engage with it. This is related to treatment credibility, which refers to an individual’s belief of how plausible and logical a treatment is. Expectations of a successful outcome are suggested to provide hope and are thus considered necessary for ensuring an individual’s full engagement with treatment (Greenberg et al., 2006). Findings from one meta-analysis found that outcome expectancy was significantly positively related to treatment outcomes across a variety of treatment contexts (Constantino et al., 2011). Strategies that promote positive expectations of treatment are therefore generally promoted, so long as they do not give the individual unrealistic hope.
Therapeutic alliance has been suggested as a mechanism through which outcome expectancy affects symptom change in VRET. Individuals with more positive expectations of treatment may be more inclined to engage with the therapist, which in turn allows therapeutic strategies to work more effectively. A growing body of evidence supports this mediated association, with empirical support from trials of CBT for anxiety disorders (Sauer-Zavala et al., 2018) and depression (Vîslă et al., 2018), amongst others. Nevertheless, preliminary work suggests that therapeutic alliance may not operate as a mediating factor between outcome expectancy and social anxiety reduction. In one study comparing VRET and in vivo exposure therapy for social anxiety, there was no evidence for alliance playing this role in either treatment format (Draheim and Anderson, 2019). As before, fear of negative evaluation may have interfered with the therapeutic relationship, reducing the influence it has on treatment outcome. However, no research has explored whether these relationships exist in the context of self-guided VRET for social anxiety. If therapeutic alliance plays a more influential role in this modality, it may also mediate the relationship between outcome expectancy and treatment outcome. This needs to be explored empirically, however.
1.4 Current study
Based on these identified literature gaps, the aim of the current study is to investigate the influence of presence, social presence, therapeutic alliance, and outcome expectancy within VRET targeting social anxiety in stuttering. We use data from a small-scale randomized pilot trial of VRET targeting stuttering-specific social anxiety that was delivered remotely and guided by a virtual therapist (Chard et al., 2023). The VRET protocol was based on inhibitory learning strategies to promote learning of new associations with feared stimuli presented in exposure exercises. As participants had to work collaboratively with the virtual therapist, we hypothesize that therapeutic alliance will be associated with treatment success. In addition, as therapeutic alliance is predicted to be more influential within self-guided VRET, we also hypothesize that it will mediate the association between outcome expectancy and treatment outcome. Similarly, we expect both presence and social presence to influence symptom change under the inhibitory learning approach used in the current VRET protocol. In particular, social presence is hypothesized to affect treatment outcome given its relevance for interacting with social cues in VR. As PWS are affected similarly by presence and therapeutic alliance, there are no expectations regarding effects in the current sample, though this will be explored.
2 METHODS
2.1 Study design
The current study was part of a parallel-group randomized controlled pilot trial, which assessed smartphone-based VRET against a waitlist control condition across a period of 2 months. Full details of the pilot trial have been published elsewhere (Chard et al., 2023). Participants were randomized into the two conditions. The VRET group completed a battery of measures at pre- and post-treatment assessing treatment outcome. After completing the 3-week waitlist period, the control group received VRET and completed the same battery of measures at pre- and post-treatment. As the post-waitlist experience was identical to the treatment condition, the two groups were merged to maximize sample size. All participants completed questionnaires for outcome expectancy, therapeutic alliance, presence, and social presence during the first session of VRET. The study procedure is illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | Participant flow diagram illustrating study procedure.
The trial was approved by the Science Engineering Technology Research Ethics Committee at Imperial College London (reference number: 21IC7055). The report is written in line with the Consolidated Standards of Reporting Trials (CONSORT) Statement and the extension for reporting trials on psychological interventions (Montgomery et al., 2018).
2.2 Participants
Twenty two participants were recruited (see Table 1 for demographic statistics). The majority male sample reflects the gender split of PWS within the population (Bloodstein and Bernstein Ratner, 2008). Recruitment finished at the end of the allotted study period, which ran between September 2021—June 2022.
TABLE 1 | Participant demographic information.
[image: Table 1]Participants were recruited through online adverts on the British Stammering Association’s website (Stamma.org), and through local stuttering groups across the United Kingdom. Inclusion criteria were 1) Person who stutters, 2) English-speaking, 3) United Kingdom resident, 4) age over 18, 5) in possession of a smartphone (iPhone/Android) and headphones/earphones, 6) no previous participation in the pilot trial or focus groups for same treatment, 7) no current experience of psychosis/schizophrenia/epilepsy/dementia/amnesia/bipolar disorder/intellectual disability/autism spectrum disorder, 8) no current use of tranquilizers or change in dosage of antidepressants in the past 6 weeks, 9) no current suicidal ideation, 10) no alcohol/substance dependence, 11) no severe cognitive impairment, 12) no treatment for social anxiety within the last year, 13) not participating in any other psychotherapeutic treatments during the study, and 14) no experience of severe cyber/motion-sickness. All participants who completed the pre- and post-treatment assessments (or equivalent for waitlist) received a £10 Amazon e-voucher.
2.3 Procedure
Upon contacting the researcher, prospective participants received the information sheet and consent form. Once the consent form was returned, participants were randomized into either the treatment or waitlist condition. The procedure for the pilot trial has been detailed elsewhere (Chard et al., 2023).
All participants were asked to provide their home address to which a cardboard VR headset could be sent. Once this was delivered, the VRET participants were sent a link to complete the pre-treatment assessment. This consisted of four self-report questionnaires assessing treatment outcome and a behavioral assessment task (not used in the current study). Participants were asked to notify the researcher when the assessment had been completed and were then given access to the first session of VRET. Three weeks later, at the end of the treatment program, participants were asked to complete the same battery of treatment outcome measures. Upon completion, they were given the option to receive an Amazon e-voucher worth £10.
After receiving their cardboard headset, waitlist participants completed the same battery of measures before a 3-week waiting period. At the end of this period, participants completed the measures again before being given access to the first session of VRET. The treatment procedure was identical to the treatment condition and finished with participants completing the battery of measures. Participants were then also given the option to receive an Amazon e-voucher worth £10.
Presence and social presence were assessed during each VRET session, whereas therapeutic alliance was assessed after each session. Outcome expectancy was completed after the first session only. As the study procedure was identical for both groups from the onset of treatment, participants were merged into a single group for the purpose of the current study. Therefore, the pre-waitlist assessment was ignored, and the post-waitlist assessment was treated as the pre-treatment assessment.
2.4 VRET
The VRET sessions were delivered remotely using a VR smartphone app developed in Unity (available on both iOS and Android devices) and a cardboard smartphone-based VR headset (Virtual Real Store Google Cardboard V2). The app offered three degrees of freedom, meaning participants could move their head to look around the 3D scene but could not physically move around it. The phone’s inertial sensors modified the visual and auditory rendering accordingly. The phone displayed two images, which were projected to each eye through the headset, showing where the individual is looking in the scene.
The treatment program consisted of three weekly sessions. The first session began with several psychoeducation exercises during which participants were introduced to the virtual therapist. In a series of pre-recorded 360° video clips, these covered the mechanisms underlying social anxiety, principles of exposure therapy and inhibitory learning, treatment structure and how to use the app. The virtual therapist also asked participants to formulate a goal for what they would like to achieve by the end of the treatment program. A total of 17 clips (13 min) were presented and all had to be completed within the first session and before progressing to exposure.
Each treatment session included three exposure exercises based on the same three social scenarios: ordering a drink at a café, telephone interaction, and public speaking (see Figure 2 for treatment app screenshots). These were adapted to target stuttering-specific social fears (see Supplementary Appendix SA1 for details) and were created using 360° video clips. Exercises varied in difficulty, but level of difficulty did not increase linearly throughout sessions. For the performative speech task, a single video clip displayed an audience in a room. For the interactive café and phone exercises, alternating clips of people talking/asking questions and being silent were used to facilitate turn-taking. Participants progressed through these interactions by clicking a button to indicate the end of their turn and play the next clip.
[image: Figure 2]FIGURE 2 | Screenshots of treatment app. (A) Virtual therapist; (B) Public speaking exercise; (C) Café exercise; (D) Telephone exercise. Note: Permission was granted from individuals to be filmed and to use footage in published material.
In this phase of the treatment program, the virtual therapist’s role was to engage participants in the psychological aspects of treatment and prepare participants to utilize these during exercises. Before each exercise, the virtual therapist helped participants define expectations about the exposure scenario and the safety behaviors they might perform in similar settings. They were also offered stuttering-specific examples of these to benefit the process. In line with the inhibitory learning model of exposure (Craske et al., 2008; Craske et al., 2014), the virtual therapist then helped participants evaluate how the outcome of the exposure exercise compared to their expectations, while providing encouragement. Participants were asked to repeat each exercise until they believed they had made sufficient progress towards understanding their expectations were overestimated and learnt that their anxiety is manageable. Sessions were designed to last approximately 20–30 min, but length of engagement was not measured.
2.5 Measures
2.5.1 Treatment outcome
The treatment outcome was measured by changes in symptom severity of social anxiety and fear of negative evaluation.
Social anxiety symptom severity was assessed using the Social Phobia Scale (SPS) (Mattick and Clarke, 1998). SPS is a 20-item self-report questionnaire using a 5-point Likert scale, designed to assess performance and scrutiny fears. SPS has shown good psychometric properties in previous research (Thompson et al., 2019). Cronbach’s α values for pre- and post-treatment SPS were .97 and .98, respectively.
Fear of being negatively evaluated by others was assessed using the brief version of the Fear of Negative Evaluation scale (FNE-B) (Leary, 1983). FNE-B is a 12-item self-report questionnaire using a 5-point Likert scale and has demonstrated good psychometric properties (Weeks et al., 2005) in previous research. Cronbach’s α values for pre- and post-treatment FNE-B were .94 and .95, respectively.
2.5.2 Outcome expectancy
A 4-item adaptation of the Credibility/Expectancy Questionnaire (Borkovec and Nau, 1972) was used to assess participants’ expectations of a successful outcome from VRET. One item (“How successful do you feel this treatment would be in decreasing a different fear, for example, strong anxiety about taking tests?”) was removed from the original scale as it was not relevant to the current research. The remaining four items were assessed on a 9-point Likert scale, with a Cronbach’s α of 0.89. The CEQ has demonstrated good psychometric properties (Devilly and Borkovec, 2000) in previous research.
2.5.3 Therapeutic alliance
The Virtual Therapist Alliance Scale (VTAS) (Miloff et al., 2020) was used to assess the strength of the therapeutic relationship with the virtual therapist. VTAS is primarily adapted from the Working Alliance Inventory (Horvath and Greenberg, 1989) with additional items to assess empathy and copresence associated with the virtual therapist. It is a 17-item self-report questionnaire assessed using a 5-point Likert scale. VTAS has demonstrated good psychometric properties (Miloff et al., 2020) in previous research. Cronbach’s α values were 0.93, 0.97 and 0.94 for sessions one, two, and three respectively.
2.5.4 Presence
The iGroup Presence Questionnaire (IPQ) (Schubert et al., 2001) was used to assess the sense of presence within the virtual environment. The IPQ is a 14-item self-report questionnaire assessed using a 7-point Likert scale, and comprises three separate subscales which cover spatial presence, involvement, and realness. IPQ has demonstrated good psychometric properties (Schwind et al., 2019) in previous research, albeit employing more sophisticated hardware compared with the current study. Cronbach’s α values were 0.92, 0.90 and 0.86 for sessions one, two, and three respectively.
Social presence was measured using the Networked Minds Measure of Social Presence (NMMSP) (Harms and Biocca, 2004). The NMMSP is a 36-item self-report questionnaire assessed using a 7-point Likert scale, and comprises six subscales which cover co-presence, attentional allocation, perceived message understanding, perceived affective understanding, perceived emotional interdependence, and perceived behavioral interdependence. NMMSP has demonstrated good psychometric properties (Harms and Biocca, 2004) in previous research. Cronbach’s α values were 0.86, 0.91 and 0.96 for sessions one, two, and three respectively.
2.6 Statistical analyses
2.6.1 Data cleaning and imputation
Several measures (session one presence, session one social presence, session two presence, session three therapeutic alliance, pre-/post-treatment social anxiety, pre-/post-treatment fear of negative evaluation) were transformed using Box-Cox transformations after not meeting at least one assumption for parametric analyses (normality, skewedness, kurtosis, homogeneity of variance and extreme values). For presence and social presence, we used the full scales rather than subscales due to the small sample size.
Most measures contained some missing data, and Little’s test returned insignificant results for both the raw (χ2 = 73.07, df = 99, p = 0.98) and transformed datasets (χ2 = 82.56, df = 99, p = 0.88) indicating they were missing at random. Missing values were then imputed using the Expectation-Maximization method in all datasets.
Analyses were run on both the raw and transformed datasets, and their imputed equivalents. We only report findings from the raw imputed dataset as it improved both parametric and model assumptions and minimized bias by not requiring listwise/pairwise deletion. As the amount of missing data in sessions 2 and 3 exceeded the recommended limit for imputation (Jakobsen et al., 2017), only session 1 therapeutic alliance, presence and social presence were used in statistical analyses. Imputation introduced a small number of outliers and influential values into the dataset. These were deemed genuine values and did not indicate a pattern of widespread bias. We therefore decided not to exclude these values as doing so would re-introduce bias due to missing data.
2.6.2 Analytic strategy
Multiple regression models were run in SPSS to assess the influence of outcome expectancy, therapeutic alliance, presence, and social presence on changes in treatment outcomes (social anxiety and fear of negative evaluation). Post-treatment outcome scores were used as the dependent variable. Independent variables were entered into the model in two steps: (1) pre-treatment scores were added to control for baseline levels of the respective treatment outcome variable, and (2) variable of interest was then added in second block. SPSS output included R2 values, and effect sizes (f2) were calculated for each parameter of interest (Selya et al., 2012). Regressing post-treatment scores onto pre-treatment scores is considered the most appropriate method for allowing the assessment of other factors on pre-post change (Mattes and Roheger, 2020). However, this assumes linearity between pre- and post-treatment measures. This assumption was met for correlations between pre- and post-treatment social anxiety, and pre- and post-treatment fear of negative evaluation (see Table 2).
TABLE 2 | Correlations between measures.
[image: Table 2]Upon visual inspection, some variables did not appear linearly related to the treatment outcome change scores. We probed this by creating quadratic terms for every variable of interest, adding them in a third block to their respective hierarchical regression model. Because adding quadratic terms to a model can introduce multicollinearity, we centered all predictors, including quadratic variables. For the models assessing the relationship between outcome expectancy and fear of negative evaluation change, and the relationship between therapeutic alliance and fear of negative evaluation change, this significantly improved model fit. Therefore, the reported findings for these relationships include results from quadratic parameters.
As age and gender have been shown to impact social anxiety (Stein and Stein, 2008; Asher et al., 2017), we added them in further blocks to each hierarchical regression model to assess if they improved model fit. No model reported a significant change in model fit, therefore output reflects the models which do not include these factors.
The PROCESS macro for SPSS (Hayes, 2022) was used to assess the mediating influence of therapeutic alliance on the relationship between outcome expectancy and treatment outcome. This used 5000 bootstrap samples and 95% confidence intervals. Models were run for both social anxiety and fear of negative evaluation, controlling for pre-treatment scores by adding them as covariates.
2.6.3 Sensitivity analyses
Sensitivity analyses were conducted after data was collected and analyzed to determine the minimum treatment effect size required to achieve a sufficient statistical power with our same sample size. Using G*Power, we calculated the required effect size (f2) for each linear and quadratic parameter of interest in every model. This was based on power (80%), sample size, number of predictors being tested, and total number of predictors in model. For both linear and quadratic predictors, the effect size required for achieving 80% power was 0.40.
3 RESULTS
Raw data for this study have been published in an open-access repository (Chard et al., 2022). Descriptive statistics are shown in Table 3, with correlations between each measure presented in Table 2.
TABLE 3 | Descriptive statistics for self-report questionnaires.
[image: Table 3]3.1 Participant attrition
Six participants did not complete the post-treatment assessment. Welch’s t-test indicated no significant difference in pre-treatment social anxiety between participants who did (M = 1.30, SD = 1.00) and did not (M = 0.82, SD = 0.47) complete the post-treatment assessment, t(18.60) = 1.54, p = 0.14. There was also no significant difference in pre-treatment fear of negative evaluation between participants who did (M = 3.54, SD = 0.93) and did not (M = 3.21, SD = 0.88) complete the post-treatment assessment, t(9.52) = 0.78, p = 0.45.
Nine participants did not complete the outcome expectancy and session one therapeutic alliance questionnaires. Five participants did not complete the session one presence questionnaire. Six participants did not complete the session one social presence questionnaire. A series of Welch’s t-tests found no significant differences in pre-treatment social anxiety between participants who did and did not complete these questionnaires, t(range) = 0.95–1.58, p(range) = 0.13–0.36.
3.2 Relationship between study predictors and VRET treatment outcome
3.2.1 Outcome expectancy
Outcome expectancy was positively associated with changes in social anxiety between pre- and post-treatment, B = 0.24, ΔF(1, 19) = 7.58, p = 0.01, ΔR2 = 0.06, f2 = 0.86. This effect size exceeded the required effect size found under the sensitivity analysis (0.40), suggesting the current study is sufficiently powered to detect this effect. Higher outcome expectancy was associated with greater increases to social anxiety, whereas lower levels of outcome expectancy were associated with greater decreases to social anxiety.
No linear relationship was found between outcome expectancy and changes in fear of negative evaluation, B = −0.09, ΔF(1, 19) = 0.40, p = 0.54, ΔR2 = 0.01, f2 = 0.03. However, adding the quadratic parameter for outcome expectancy significantly improved model fit, B = 0.39, ΔF(1, 18) = 10.19, p = 0.01, ΔR2 = 0.14, f2 = 0.58. Figure 3 shows that low and high levels of outcome expectancy were related to an increase in fear of negative evaluation, whereas medium levels of outcome expectancy were associated with a decrease in fear of negative evaluation. The size of the quadratic effect exceeded that required by the sensitivity analysis (0.40), whilst the linear component was very small. Therefore, the current study is sufficiently powered to detect the quadratic effect of outcome expectancy on fear of negative evaluation. These results suggest that the relation between outcome expectancy and changes to fear of negative evaluation varies based on outcome expectancy levels.
[image: Figure 3]FIGURE 3 | Line graph representing relationship between outcome expectancy and fear of negative evaluation change scores.
3.2.2 Therapeutic alliance
Alliance with the virtual therapist was positively associated with changes in social anxiety between pre- and post-treatment, B = 0.28, ΔF(1, 19) = 11.66, p = 0.003, ΔR2 = 0.07, f2 = 0.58. This effect size exceeded the required effect size found under the sensitivity analysis (0.40), suggesting sufficient power to detect this effect. Higher levels of alliance were associated with greater increases to social anxiety, whereas lower levels of alliance were associated with greater decreases to social anxiety.
No linear relationship was found between therapeutic alliance and changes in fear of negative evaluation, B = −0.04, ΔF(1, 19) = 0.08, p = 0.78, ΔR2 = 0.002, f2 = 0.01. Adding a quadratic parameter for therapeutic alliance significantly improved model fit, B = 0.29, ΔF(1, 18) = 4.92, p = 0.04, ΔR2 = 0.08, f2 = 0.27. Low and high levels of therapeutic alliance were related to an increase in fear of negative evaluation, whereas medium levels of therapeutic alliance were associated with a decrease in fear of negative evaluation (see Figure 4). Neither the linear nor quadratic effect of therapeutic alliance on fear of negative evaluation reached the necessary effect size required for achieving a sufficient level of power (0.40), however. Thus, the lack of power precludes conclusions about this relationship in our data.
[image: Figure 4]FIGURE 4 | Line graph representing relationship between therapeutic alliance and fear of negative evaluation change scores.
3.2.3 Presence
Presence was positively associated with changes in social anxiety between pre- and post-treatment, B = 0.26, ΔF(1, 19) = 6.83, p = 0.02, ΔR2 = 0.05, f2 = 0.36. Higher levels of presence were associated with greater increases to social anxiety, whereas lower levels were associated with greater decreases to social anxiety.
However, presence was also negatively associated with changes in fear of negative evaluation between pre- and post-treatment, B = −0.35, ΔF(1, 19) = 7.56, p = 0.01, ΔR2 = 0.11, f2 = 0.39. Therefore, higher levels of presence were related to greater decreases in fear of negative evaluation, whereas lower levels were related to greater increases in fear of negative evaluation. Nevertheless, the effects of presence on changes in social anxiety and fear of negative evaluation are smaller than the required effect for achieving a sufficient level of power (0.40). Thus, the current study was not sensitive enough to detect these effects.
3.2.4 Social presence
There was no significant relationship between social presence and changes in social anxiety, B = 0.09, ΔF(1, 19) = 0.80, p = 0.38, ΔR2 = 0.01, f2 = 0.05. However, social presence was negatively associated with changes in fear of negative evaluation between pre- and post-treatment, B = −0.45, ΔF(1, 19) = 20.15, p < 0.001, ΔR2 = 0.20, f2 = 1.05. As such, higher levels of social presence were related to greater decreases in fear of negative evaluation, whereas lower levels of social presence were related to greater increases in fear of negative evaluation. Whilst the effect of social presence on social anxiety was small, its effect on fear of negative evaluation was large and exceeded that required by the sensitivity analysis (0.40). Therefore, this effect is sufficient for achieving necessary power.
3.3 Mediating role of therapeutic alliance on the relationship between outcome expectancy and treatment outcome
Results from the mediation analysis are presented in Figure 5. Outcome expectancy was found to be significantly associated with an increase in social anxiety scores between pre- and post-treatment (B = 0.10, t = 2.75, p = 0.01). However, when therapeutic alliance was added to the model, the influence of outcome expectancy was reduced and was no longer significantly related to social anxiety change (B = −0.06, t = −0.61, p = 0.55). Outcome expectancy was a significant predictor of therapeutic alliance (B = 0.23, t = 11.15, p < 0.001), but alliance showed no relationship with changes in social anxiety (B = 0.70, t = 1.79, p = 0.09). The indirect effect of outcome expectancy on social anxiety change via therapeutic alliance was found to be non-significant, B = 0.16, boot SE = 0.11, 95% CI [-0.06, 0.39]. Thus, we did not identify indirect effects of therapeutic alliance on the link between outcome expectancy and treatment outcome.
[image: Figure 5]FIGURE 5 | Mediation model displaying the indirect effect of outcome expectancy on treatment outcome via therapeutic alliance. Note: a, coefficient for CEQ effect on VTAS; b, coefficient for VTAS effect on SPS change; c’, coefficient for direct effect of CEQ on SPS change; c, coefficient for total effect of CEQ on SPS change. *p < 0.05, **p < 0.001.
4 DISCUSSION
This study investigated the effect of various user experience and treatment mechanisms on symptom change in a small-scale pilot trial of VRET targeting stuttering-specific social anxiety. Our findings show that high levels of presence, therapeutic alliance and outcome expectancy were associated with increases in social anxiety between pre- and post-treatment, whereas low levels were associated with decreases in social anxiety. No relationship was found between social presence and changes in social anxiety. In addition, high levels of presence and social presence were associated with a decline in fear of negative evaluation, whereas low values were related to an increase in fear of negative evaluation. Both outcome expectancy and therapeutic alliance were quadratically related to changes in fear of negative evaluation. Lastly, therapeutic alliance was found not to mediate the relationship between outcome expectancy and treatment outcome.
Our results show that presence and social presence were the only two variables linearly related to symptom reduction as hypothesized. These factors significantly predicted a decrease in fear of negative evaluation, suggesting they may be related to successful treatment outcome in VRET targeting social anxiety. Nevertheless, as the sensitivity analysis revealed that the effect of presence was not sufficiently powered, caution must be taken when interpreting this finding. The direction of the presence effect is in line with a previous study where presence was associated with symptom reduction in VRET targeting public speaking anxiety (Reeves et al., 2021). However, presence has not been consistently linked with reduction of social anxiety symptoms (Price et al., 2011; Kahlon et al., 2019). The influence of social presence has not previously been examined but this is likely to be more relevant to user experience in social VRET exercises. Previous research suggests social presence is important for eliciting emotional reactions from social cues in VR (Pfaller et al., 2021), and the fear of being negatively evaluated by others is central to the experience of social anxiety (Rapee and Heimberg, 1997). Our findings therefore suggest that social presence is an influential factor for engaging with social cues within VRET and eliciting relevant fear responses which support symptom change.
The negative links between presence and social anxiety are particularly intriguing, as the opposite effect was found for fear of negative evaluation. Other studies have demonstrated no relation between presence and treatment outcome (Price et al., 2011; Kahlon et al., 2019), but this result suggests that heightened presence in VRET exercises may negatively impact social anxiety symptoms. Again, caution must be taken in this interpretation given the results from the sensitivity analysis. Fear of negative evaluation is a core emotional reaction underlying social anxiety (Rapee and Heimberg, 1997), and the two measures are typically strongly positively related (Weeks et al., 2005). However, we found no correlation between social anxiety and fear of negative evaluation change scores (see Table 2), suggesting they were likely affected differently by VRET. This result might be driven by presence, given its mixed associations with treatment outcome. Presence may have helped participants engage in cognitive processing required by inhibitory learning techniques to target feared expectations of being negatively evaluated. However, therapeutic strategies targeting the wider cognitive and behavioral mechanisms underlying social anxiety (Clark and Wells, 1995; Rapee and Heimberg, 1997; Iverach et al., 2017) may have been insufficient or even detrimental for some participants. For example, the virtual therapist may have been ineffective at supporting the reduction of safety behaviors such as avoidance of eye contact. Without an external individual to recognize problematic behaviors and offer reflections to encourage effective change, heightened presence may have provided a context for participants to continue practicing these behaviors. This would contribute to further problematic thoughts and prevention of new non-fear associations with social cues. Presence is therefore suggested to provide an adequate learning context within VR, but the learning depends on the experience and effectiveness of therapeutic strategies employed.
An alternative argument is that there is no relationship between presence and social anxiety changes, but that both are the result of state anxiety during exposure exercises. One previous study found a negative association between presence and social anxiety (Felnhofer et al., 2014). Authors suggested that high levels of state anxiety may have led to less behavioral exploration of the virtual environment, in turn reducing presence. However, state anxiety during exposure is also suggested to facilitate treatment success (Foa and Kozak, 1986). In the current study, several participants reported a lack of state anxiety during exposure exercises, which may have minimized symptom reduction or even contributed to an increase in symptoms. Lower state anxiety may have also minimized behavioral inhibition and increased presence, thus explaining the negative association between presence and social anxiety change. There may be truth in both interpretations of findings, as presence and anxiety have been suggested to be dependent on each other (Peperkorn et al., 2015). Experimental manipulation of presence and anxiety is required to draw more conclusive remarks about their relationship.
Heightened outcome expectancy and therapeutic alliance were also found to predict an increase in social anxiety. This goes against previous research findings, which suggest that therapeutic alliance (Bouchard et al., 2017) and outcome expectancy (Constantino et al., 2011) are both strong predictors of symptom reduction. It is also unusual given the therapeutic relationship is considered crucial for other treatments in stuttering (Lindsay and Langevin, 2017; Sønsterud et al., 2019). Other studies have found no influence of these factors for different treatment formats (Mörtberg, 2014; Jazaieri et al., 2018), but this is the first study to suggest they may hinder VRET success. Novelty of treatment methods may underlie this effect in the current VRET protocol. Several participants reported being impressed and excited about completing VRET, which may itself have encouraged positive rapport with the virtual therapist. This positive approach to treatment is generally desirable, but it may have also hindered some participants’ engagement with treatment strategies. For some, it may have allowed problematic thoughts and behaviors to persist, maintaining or increasing social anxiety. The beliefs and faith placed in technology-assisted treatment may have also overinflated expectations and contributed to less engagement and poorer treatment outcomes. These interpretations raise further questions regarding the ability of VR treatment to recreate certain core in vivo treatment functions. Further research is required to experimentally test novel methods, such as virtual therapists. Future VRET protocols should also consider techniques to temper expectations about treatment outcome that might be conflated with the novelty of using VR.
Outcome expectancy and therapeutic alliance were also significantly related to changes in fear of negative evaluation, but this relationship was not linear. Our finding of a quadratic relationship suggests that high and low values of outcome expectancy and therapeutic alliance were associated with an increase in fear of negative evaluation, whereas medium-sized values were related to a decline. However, additional sensitivity analyses suggested that the effect of therapeutic alliance was not sufficiently powered, therefore these links should therefore be interpreted cautiously. A similar argument to above could be applied, as high levels of outcome expectancy and therapeutic alliance may have reduced treatment engagement, allowed maladaptive processes to persist, and in turn increased fear of negative evaluation. In line with original hypotheses, lower levels of outcome expectancy and therapeutic alliance may have also reduced faith and hope in the therapeutic process, thus reducing engagement and causing fears to persist and increase. Technology-assisted treatments may therefore need to strike a balance in user expectations and engagement. Our findings suggest that treatment outcome may be optimized when therapeutic alliance and outcome expectancy are neither too high nor too low.
No evidence was found within our sample for the mediating effect of therapeutic alliance on the relationship between outcome expectancy and treatment outcome. Therapeutic alliance has been suggested as a mechanism through which outcome expectancy affects symptom reduction in other treatment formats targeting other mental health issues (Sauer-Zavala et al., 2018; Vîslă et al., 2018). Nevertheless, this effect was also not present in another study of VRET targeting social anxiety (Draheim and Anderson, 2019). Our findings suggest that the strength of bond with the virtual therapist did not explain outcome expectancy’s association with social anxiety and fear of negative evaluation change in PWS. This is in line with our previous interpretation of results, which suggests that the eagerness and enthusiasm to participate in a novel treatment may have triggered both outcome expectancy and alliance separately. As such, treatment enthusiasm may underlie the effects of both alliance and outcome expectancy on treatment outcome, rather than therapeutic explaining the influence of outcome expectancy.
4.1 Limitations
Our study is not without its limitations. First, the low sample size is problematic for the conclusions drawn from some of the findings. Recruitment was a particular challenge given PWS represent a small proportion of the general population (Craig et al., 2002), and not all are affected by elevated social anxiety (Craig and Tran, 2014). In addition, United Kingdom COVID-19 restrictions at the time (March 2020—July 2021) posed challenges to recruitment as in-person engagement and participation was not always permitted. The low sample size has resulted in reduction of statistical power for all analyses, thus increasing the chance of type I and II errors. Sensitivity analyses indicated that the significant effects of presence on social anxiety, and presence and therapeutic alliance on fear of negative evaluation, did not meet the necessary effect size required for achieving a sufficient level of power. The required effect size was large for all analyses, demonstrating the challenges posed by using a small sample. The models assessing presence obtained large effect sizes but narrowly missed this threshold. As a result, caution should be taken in interpreting these effects.
Second, therapeutic alliance was measured at the end of each treatment session once all therapist interaction for that week was completed. This approach has been used in several other studies (Woody and Adessky, 2002; Bouchard et al., 2017; Jazaieri et al., 2018). However, some authors have suggested that this might inflate perceived alliance, and cause less stability in this measure, particularly early in treatment (Kivity et al., 2021). Instead, measuring alliance prior to each session is suggested to capture the “typical” alliance across the previous week. In the current study, we decided to measure alliance at the end of the session to maximize responses in session one, circumventing the effects of participant dropout in the later stages of the trial and thus reducing the risk of missing data. Additionally, as participants could complete each treatment session over the course of a week, the alliance measure may have captured this longer-term perception of the therapeutic relationship.
4.2 Strengths
Despite these limitations, our study has several strengths. First, it represents findings from a first pilot trial to assess the impacts of presence, social presence, outcome expectancy and therapeutic alliance on treatment outcome in remotely delivered smartphone VRET for social anxiety. Even though the results indicate that our treatment protocol requires more work, it also showed some positive effects in terms of reducing fear of negative evaluation—a core component of social anxiety. As this treatment format will likely become more prevalent given its suitability to making mental healthcare more accessible, our study represents a first step in empirically validating a VRET protocol for reducing social anxiety in people who stutter. Further research is required to improve the VRET design, and the increased uptake of digital and self-guided methods during the COVID-19 pandemic will hopefully accelerate this.
Second, we used imputation of missing scores to reduce bias introduced by missing data. Participant attrition is almost inevitable in trials of social anxiety treatment, but the use of appropriate methods to deal with missing data and resultant bias was limited in related papers (Bouchard et al., 2017). In one study, missing post-treatment scores were replaced with pre-treatment scores (Hayes et al., 2007), therefore assuming a null effect in participants who dropped out and biasing findings. In this study, we imputed missing values using the Expectation-Maximization method. We also ensured that the pattern of missingness met the relevant assumptions to use this method. This method replaces missing data with estimated values, thereby minimizing the bias they will have on results. As a result, we can be more confident in the conclusions we draw from our findings.
4.3 Conclusion
With rapid development in technological capabilities, VRET is likely to become a popular treatment choice for social anxiety. In a recent report, the World Health Organization recommended scaling up remote delivery of mental health provision using digital technologies, considering the vast treatment gap between individuals with problems and those receiving treatment (World Health Organization, 2022). Nevertheless, increased digital mental health provision requires more in-depth insights into the experience of the technologies being used, not just their efficacy. Research has begun to examine whether VR is an effective tool for treating a variety of anxiety-related problems. However, the role of user experience and treatment mechanisms in affecting symptom improvement in this format is still poorly understood. In this paper, we provide an early indication of how change may be affected in remotely delivered smartphone VRET targeting social anxiety in people who stutter. Our unexpected findings of an increase in social anxiety related to heightened presence, outcome expectancy and therapeutic alliance suggest techniques that should be avoided or adapted in future virtual treatment protocols. Furthermore, they indicate that the positive influence of expectations might not directly translate from in vivo exposure therapy to VRET, and that the two treatment modalities might require different approaches in tackling the same problems. As such, these findings are a useful resource for the future development of VRET targeting social anxiety, especially for people who stutter.
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