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Abstract 

 

Disentangling perceptual mechanisms maintaining social anxiety 

disorder using VR and eye tracking 

 

Mikael Rubin, PhD 

The University of Texas at Austin, 2022 

 

SUPERVISOR:  Michael J. Telch 

 
Abstract: Social anxiety disorder (SAD) is highly prevalent and confers significant life 

impairment. Attention processes associated with social evaluative threat have been 

broadly implicated in the conceptualization of SAD. This dissertation investigates 

specific attentional mechanisms maintaining SAD. Both theoretical and empirical 

research have emphasized two important attentional processes in SAD: hypervigilance to 

social threat (e.g. quickly scanning faces) and avoidance of social information (e.g. 

avoiding looking at people). This dissertation consists of three studies investigating 

attentional avoidance in social anxiety.  

 Study 1 investigated the relationship between social anxiety and eye movements 

during a real social-evaluative situation – giving a speech. We used 360º-video because it 

was both very realistic and allowed for a high degree of experimental control. The 

primary findings from Study 1 revealed that fear of public speaking was associated with 
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greater avoidance of the uninterested (socially threatening) audience members compared 

with interested audience members.   

Drawing from the findings from Study 1, Study 2 addressed whether direct 

modification of attentional (through attention guidance) during virtual reality exposure 

therapy could enhance intervention outcomes compared with standard virtual reality 

exposure. Our pilot randomized controlled trial (n =21) indicated a strong effect of both 

intervention groups on fear of public speaking as well as evidence that the guidance 

component engaged the target attentional mechanism (decreased avoidance of audience 

members). However, our Bayesian analyses provided no conclusive support for either the 

null or alternative hypotheses. Further research with larger sample sizes is needed to 

elucidate the link between attentional avoidance and social anxiety disorder. 

Study 3 used data from study 2 to test whether a machine learning approach well 

suited to high-eye dimensional eye movement data (hidden Markov models) could 

identify heterogenous attentional styles among those with social anxiety disorder and 

predict differential treatment outcomes. We identified two distinct groups reflecting 

“avoidant” and “vigilant” styles pre-treatment. Moreover, we found meaningful 

differences between the groups post-treatment – with only the hypervigilant group 

showing treatment response to virtual reality exposure therapy. These findings suggest 

that evaluating attentional processes in flexible, data-driven ways may provide unique 

insights into social anxiety disorder and has implications for treatment.  
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General Introduction 

Social anxiety disorder (SAD) is a common psychological concern with estimates 

of a 12% prevalence during an individual’s lifetime (Ruscio et al., 2008). It is 

characterized by elevated fear or anxiety about one or more social situations in which the 

individual may encounter scrutiny by others (American Psychiatric Association, 2013). 

SAD is associated with impairment across a number of domains, including work/study 

and social life (Aderka et al., 2012). It has also been associated with elevated risk of 

comorbid depression and substance abuse (Stein & Stein, 2008).  

 There is increasing emphasis on the importance of understanding mechanisms 

underpinning psychological disorders (Moreno-Peral et al., 2020). One structured 

approach to addressing this in research has been through the Research Domain Criteria 

(RDoC) which emphasizes the importance of investigating specific mechanisms across 

taxonomic levels, from genes to behaviors (Kozak & Cuthbert, 2016). Attentional 

processes figure prominently in most contemporary models of SAD (Clark & Wells, 

1995; Wong & Rapee, 2016) and have been the focus of considerable empirical work 

(Bögels & Mansell, 2004).  Several distinct attentional profiles have been implicated. 

These include attentional hypervigilance to social evaluative cues (Rapee & Heimberg, 

1997), attentional avoidance (Cisler & Koster, 2010), self-focused attention (Clark & 

Wells, 1995), attentional switching between internal and external social-evaluative threat 

cues (Rapee & Heimberg, 1997) and attentional hyperscanning (Nigel Teik Ming Chen et 

al., 2015).  
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The focus of this dissertation is on investigating visual attention as a mechanism 

that plays a role in maintaining SAD. Both theoretical models of SAD and research on 

the disorder have emphasized two important attentional processes: hypervigilance to 

social threat (e.g. quickly scanning faces) and avoidance of social information (e.g. 

avoiding looking at people). However, the research has been mixed regarding whether 

vigilance, avoidance, or both are present in the disorder. In the past it has been difficult to 

accurately capture attentional processes in realistic contexts, but new technologies have 

made it increasingly feasible to do so. This dissertation will include three papers that use 

360º-video and eye tracking or real-world eye tracking to test hypervigilance-avoidance 

as a distinct perceptual mechanism implicated in SAD.  

 The projects in this dissertation will build on prior research using more realistic 

methods and measurements to investigate attentional processes in social anxiety. Study 1 

is an investigation of eye movements during a public speaking challenge with a 360º-

video audience presented using a virtual reality headset. Study 2 is an examination of an 

attention modification treatment using the same setup as Study 1. Study 3 is an 

examination of data driven approach to assessing heterogeneity within social anxiety 

disorder. Together these lines of research contribute to the understanding of attentional 

processes in social anxiety. In the next section we review research examining attention in 

social anxiety, use of attention modification procedures to treat social anxiety disorder, 

visual processes underpinning attention, and recent naturalistic methods for studying 

attention.  
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BIASED VISUAL ATTENTIONAL PROCESSES AND SOCIAL ANXIETY 

Biased attentional processes related to mental health concerns have been studied 

since the 1980’s and were initially linked to an increased interest in cognitive features of 

depression and anxiety (MacLeod et al., 1986). Attention bias is commonly investigated 

using reaction time responses to investigate task-dependent aspects of differential 

attention based on stimulus features. More recently eye tracking has become a method 

used to assess attention bias by assessing where participants are looking during tasks 

adapted from the reaction time literature.  

An important distinction related to visual attention is between covert visual 

attention and overt visual attention. Covert attention can be allocated without making eye 

movements, whereas overt attention requires eye movements. The distinction is important 

because at a basic level they reflect distinct attentional processes. The following is a 

summary of research on two of the most commonly used attention bias tasks, the dot 

probe, which assesses covert attention, and the visual search, which assess overt 

attention. 

Dot Probe 

The dot-probe task was developed specifically to assess the distribution of visual 

attention based on stimulus salience (MacLeod et al., 1986). In this task, two different 

stimuli (words or faces) are presented side by side or above/below on a computer screen, 

following their presentation a small probe (usually a dot, a letter, or an arrow) is 

presented and the participant is asked to detect some feature of the probe (e.g. location, 
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letter, or direction). The dot-probe task requires an active shift in attention because the 

stimuli are not overlapping, but is considered to evaluate covert attention because an eye 

movement is not required to detect and respond to the probe (see Figure 1).  

The literature on the dot probe task is large and early meta-analysis strongly 

supported biased visual attention in social anxiety based on comparisons to non-anxious 

controls (Bar-Haim et al., 2007). However, findings from a more recent meta-analysis 

(Kruijt et al., 2019) highlight a number of methodological concerns related to the dot 

probe task that have been raised for some time, primarily focused on issues with 

methodological heterogeneity and low task reliability (Price et al., 2015; Schmukle, 

2005). Although the dot probe task continues to be widely used, researchers have 

introduced increasingly complex methodologies to analyze reaction time data (Zvielli et 

al., 2014) or have suggested modifying the task itself to address multiple components of 

attention bias simultaneously (Amir et al., 2016). An important component of attention 

bias research in social anxiety has been the use of anxiety inductions to assess the impact 

of state anxiety on attentional bias. Though there have been relatively few studies using 

the dot probe with an induction, those studies have shown that induction results in 

avoidance (Bögels & Mansell, 2004; Wermes et al., 2018), whereas the majority of the 

literature has suggested a small effect of hypervigilance (Bantin et al., 2016).  

Eye tracking research using the dot probe has typically shown better reliability 

(Waechter et al., 2014), but also has methodological variability that makes it challenging 

to assess the relationship between task results and social anxiety. Findings appear to be 

very mixed, with some research identifying biases away from threat (Singh et al., 2015), 
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towards threat (Schofield et al., 2012), or no bias (Waechter et al., 2014), see Chen and 

Clarke (2017) for review. Taken together the literature on the dot probe is promising, but 

some research has identified shortcomings that make alternative methods for 

investigating specific attention mechanisms implicated in SAD potentially important. 

 

Figure 1.  Visualization of the dot probe task for (A) reaction time (keypress) response 
and (B) eye movement response.  

Visual search 

In early research using visual search paradigms, which investigate overt attentional 

processes (e.g. Treisman & Gelade, 1980), stimuli were presented that varied by either 

shape, color, or orientation. From an evolutionary perspective, the importance of visual 

attention to salient stimuli may be related to basic survival behaviors (e.g. color to signal 

food or shapes to signal threat). When stimuli are particularly salient, or “pop-out” of the 

environment, their processing takes place very quickly.  

 The visual search task has been adapted for the use of assessing attentional 

processes among individuals with social anxiety (Eastwood et al., 2005). In the adapted 

form, faces of different emotional valences (smiling, angry, neutral, etc.) are presented 

Keyboard	Response	(Right	Arrow	à)

Stimuli

>Probe

Eye	Movement	Response

A B
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(Figure 2). Typically there is one face of a different valence and the task is to detect the 

different face. This is thought to necessitate a visual scan of the entire grid since attention 

cannot be covertly allocated to process the detail of facial features across an entire 

computer monitor. 

 There has been significantly less research on the use of the visual search task in 

social anxiety, although recent research points to evidence in favor of avoidance 

(Wermes et al., 2018). One important consideration that has been raised is whether the 

emotion is task-relevant or not during the visual search. Some researchers have indicated 

that there is only a bias when the emotional valence of the faces is task-irrelevant (Dodd 

et al., 2017).  This highlights that with the visual search task heterogeneous methodology 

may contribute to complications in interpretation. Moreover, as with the dot probe, there 

has been research raising concerns about the reliability of the bias detected by the visual 

search task for both reaction times and eye tracking (Wermes et al., 2017).  However, 

other researchers have argued that the properties of the visual search task offers a strong 

justification for its use over the dot probe (Mogg & Bradley, 2016). 

 

 

Figure 2.  Visualization of the visual search task for both reaction time (left) and eye 
tracking (right). 

Keyboard	Response	(Q	– angry	face	present)
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Attention based intervention for social anxiety 

 Following from the large literature on attention bias and social anxiety supporting 

its role as a critical feature of the disorder, researchers have worked to target attentional 

mechanisms of social anxiety by modifying attention directly. Both the dot probe task 

and visual search task have been used as paradigms for attention bias modification 

(ABM). 

 The most prevalent ABM task has been the dot probe. For ABM the dot probe is 

modified to adjust the probability with which a probe follows a specific emotional 

stimulus. To train attention away from threat (targeting hypervigilance), the probe would 

follow the neutral face more often than the social threat face (usually 80% vs 20%). 

Results from ABM have been promising with meta-analysis indicating that it has 

moderate efficacy for reducing symptoms of social anxiety (Heeren, Mogoase, et al., 

2015). Considering that this is a relatively simple procedure, these results are 

encouraging. However, several critical issues have emerged. First, ABM does not often 

outperform the attention control condition (where the probe distribution is 50/50), making 

it unclear whether the attention bias being targeted is really responsible for the treatment 

effects. It is also important to note that in a patient-level analysis researchers identified an 

optimal number of ABM trials to detect an effect compared to attention control (Price et 

al., 2017), but there is no research indicating why this is the case. Second, there is some 

evidence that within individuals with social anxiety there is no consistent attentional bias 

(Kruijt et al., 2019). Third, response to ABM in terms of clinical symptoms does not 

seem to be reflected in a change in attention bias.  Together, these concerns suggest that 
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while ABM may be effective, the reason why is unclear, making it important to consider 

additional ways to test attentional interventions for social anxiety.  

 The visual search task has also been adapted for treatment of social anxiety, but 

the only research with this task has been with adolescents (De Voogd et al., 2014). It was 

effective at moderately decreasing symptoms of social anxiety and also led to a reduction 

in biased attention towards threat. There is currently insufficient research to determine 

whether visual search is a viable method for ABM with socially anxious adults.  

Improving intervention for SAD by augmenting exposure therapy 

 One important area of research that has emerged from the attention bias 

modification literature is the consideration of whether attention bias changes as a result of 

empirically supported treatments alone and whether ABM can augment empirically 

supported treatments like cognitive behavioral therapy (CBT) for social anxiety. In one 

study, researchers investigated weekly changes in attention bias during a standardized 

course of CBT therapy. While they found a decrease in attentional vigilance over the 

course of treatment, there was no relationship between changes in symptoms and changes 

in attention bias over the course of the treatment (Davis et al., 2016).  Another study 

investigated only pre/post treatment attention bias compared to a waitlist-control. They 

found that changes in attention bias did not differ from the waitlist condition (Kampmann 

et al., 2018). Together these studies suggest that attention bias might change over time, 

but this does not seem to be directly linked to changes in symptoms of social anxiety. 

These findings add additional confusion to the consideration of the link to attention bias 
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and social anxiety symptoms as ABM has shown effects on symptoms of social anxiety 

without changes to attention bias. Moreover, the issues with reliability of attention bias 

measurement, highlighted above in the task background sections, may play an important 

role in the challenges of disambiguating symptom change from attention change. 

 Thus far there have been relatively few studies examining synergistic effects of 

CBT and ABM and these studies have been conducted on children and adolescents with a 

range of anxiety disorders. The results have been mixed, with some showing an enhanced 

effect of ABM over attention control (White et al., 2017), others showing no difference 

between ABM and attention control, but an advantage over CBT alone (Shechner et al., 

2014), and others showing that there was no effect of ABM over attention control 

training when combined with CBT (De Lijster et al., 2019). Thus far only one study has 

directly compared CBT and ABM for social anxiety in adults and showed that CBT 

outperforms ABM substantially (Huppert et al., 2018), which is not surprising. 

 Though initially promising, attention bias measurement and modification through 

the use of the dot probe and visual search paradigms has emerged as highly complex and 

somewhat less robust than initially indicated (this is not surprising, given the tendency for 

new interventions to exhibit a “halo” effect). While the summary above discusses 

methodological differences that might underpin some of the difficulties, at its core these 

tasks evaluate visual selective attention in a specific, task-based, way. Research on 

attention and social anxiety has begun to shift towards a more interdisciplinary approach 

bridging the gap between the fields of perception and clinical psychology. It is important 

for the study of attention bias in social anxiety to consider a better grounding in 
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perception, as it has the potential to offer important insights into the measurement and 

modification of these biases among those with SAD.   

VISUAL ATTENTION 

Selective visual attention, characterized by the processing of salient visual information, 

reflects the basic processes captured by the tasks discussed above. However, there is a 

distinct lack of consideration for the complexity of how visual perception leads to 

selective visual attention. Humans have foveated vision, which means that we only see a 

very small part of the visual field (1-2º) in high acuity (Nelson & Loftus, 1980). Selective 

visual attention is a complex system – still actively investigated in the field of perception 

– that functionally determines what we see. Crucially, we see the world a certain way 

because of how we attend to it. The idea that social anxiety is maintained by attentional 

biases would seem to suggest that there are basic ways in which visual attention should 

be different, but that is an assumption that may be oversimplifying a complex system 

difficult to capture in 2-D, dichotomous decision, computer based paradigms.  The 

challenge of determining how selective visual attention functions among socially anxious 

individuals provides a strong impetus to shift the study of biased attention to more 

naturalistic contexts where evaluation of attention can take place under conditions that 

approximate real-world complexity, in terms of both the visual environment and the 

emotional context.  In perception research, models of selective attention have thus far 

focused on two distinct neural organizations through which it might operate: the salience 

map and the priority map. 
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The salience map a bottom-up perspective on visual information processing where 

salient features of the environment engage visual attention (Itti & Koch, 2001). The 

salience map can be considered a 2-D topographical feature space composed of variations 

in stimulus saliency throughout a perceived scene. In this conceptualization, attention is 

allocated to the most salient features in a perceived scene, which in the context of a 

neural network would be described as “winner-take-all”. In the context of social anxiety, 

this framework would suggest that attentional biases reflect hard-coded response to 

specific visual features/shapes, such as a frown, that elicit a strong automatic response – 

i.e. attentional hypervigilance to social threat – without any interpretation of the stimulus 

itself. 

Despite the complexity of salience maps and their potential utility as a model for 

explaining how individuals detect and respond to visual stimuli, in change blindness 

paradigms, where participants are asked to recognize changes in scenes, individuals are 

poor at detecting differences (Stirk & Underwood, 2007). This finding highlights an 

important limitation of a bottom-up conceptualization of visual attention. The processing 

of stimuli from the bottom-up alone is unlikely to be sufficient to generate shifts in 

attention much of the time (Varakin & Hale, 2014).  

In contrast to the salience map, the priority map reflects a top-down perspective 

where various cognitive features like goals, rewards, and threat, drive selective visual 

attention. In a  review of the neural mechanisms underpinning a priority map of visual 

attention informed by top-down circuits, the authors show that a critical component of 

top-down integration of visual attention is working memory (Baluch & Itti, 2011). The 
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authors discuss how lesion and microstimulation studies have provided causal evidence 

linking disruptions to prefrontal cortex with impaired performance on decision making in 

cued tasks (i.e. dot probe) and search tasks (i.e. visual search). Because the prefrontal 

cortex is such a highly connected region, it must integrate and respond to a combination 

of salience, rewards, goals, and motor actions.  For instance, the meaning of objects (e.g. 

the interpretation of a red light, or a frown) contributes to how attention is allocated.  

Researchers have investigated the competition between emotional arousal and 

top-down control of visual attention during an eye tracking task and found that following 

the presentation emotional information perceptual salience did not influence encoding 

(Sutherland et al., 2017). This finding provides evidence supporting the importance of 

emotional information in top-down visual attention and highlights the challenges faced 

by assuming attention bias can be captured by static and isolated visual features like 

facial expressions, which can often elicit a “bottom-up” response in the context of tasks 

like the dot probe (Caudek et al., 2017). Moreover, non-clinical research indicates that 

anxiety interacts with the emotional distractors to influence future visual selective 

attention (Barbot & Carrasco, 2018). Taken together, research informed by perception 

challenges the framework of understanding visual attention in social anxiety solely 

through the use of static stimuli in paradigms that constrict the feature-space of attention 

distribution to a computer monitor.  

Machine Learning in Visual Attention Research 

Within vision research, machine learning models of increasing complexity have 



 23 

been used to understand human gaze in a variety of contexts (e.g. driving, Johnson et al., 

2014). Findings from these models have provided important insights into how visual 

attention is linked with task-based behaviors.  Yet, there have been relatively few 

applications of machine learning to better understand the link between attention and 

social anxiety. One challenge when considering factors like anxiety in conjunction with 

attention, is that it can be difficult to determine what the specific motivation for 

individual eye movements are. Unlike in driving, where the specific gaze behaviors are 

related to task-goals (monitor the speed, check the distance with the car in front etc.), it is 

not clear how specific individual fixations relate to social interactions. For instance, 

during a conversation is looking away from another other person a signal of boredom, 

due to something distracting happening behind them, or because you are thinking about 

what to say? Moreover, social anxiety likely modulates gaze behavior, but without a clear 

way to address some of the underlying ambiguity related to gaze during social 

interactions the choice of machine learning method becomes particularly important. 

Hidden Markov Models (HMMs) represent an approach that has been used to 

explicitly evaluate the link between social anxiety and gaze behavior (Chan et al., 2020). 

HMMs estimate hidden (i.e. latent), temporally dynamic processes that occur in 

naturalistic eye movements without data reduction (e.g. summarizing fixations) or strong 

assumptions about the importance of certain areas within a visual stimulus (i.e. regions of 

interest). This approach offers an important machine learning method for understanding 

gaze behaviors in relation to social information because the approach does not need 

information about a task or parameters around which gaze behaviors are more/less 
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relevant.  Moreover, HMMs may be useful for describing linkages between gaze and 

social anxiety, because there are methods available to cluster similar patterns of gaze 

behavior among individuals – facilitating testing of differences between those with and 

without social anxiety, as well as heterogeneity among socially anxious individuals.  

In a recent study, Chan and colleagues (2020) used HMMs to evaluate individual 

patterns of eye movements during free viewing of neutral and angry faces among those 

with high and low social anxiety. Those with high social anxiety showed evidence of a 

more rigid attentional style – either eye-centered or nose-centered to both neutral and 

angry faces, whereas those with low social anxiety where eye-centered to neutral faces 

and nose centered to angry faces, or vice versa. The authors suggest that eye-centered 

viewing may reflect hypervigilance, whereas nose-centered viewing may reflect 

avoidance.  Those with high social anxiety showed evidence of a uniform attentional 

pattern (either avoidance or hypervigilance), whereas those with low social anxiety 

implemented a flexible attentional strategy depending on the emotion of the face. The 

data-driven approach using HMMs provided important evidence of attentional 

heterogeneity (avoidance or hypervigilance) among those with social anxiety, but also 

suggested that there is a degree of rigidity in the attentional strategy compared 

individuals with low social anxiety. Such findings provide important evidence that 

HMMs can facilitate ideographic assessment of attention in social anxiety without relying 

on substantive information about the functions of specific eye movements for 

interpretation.  
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Attention and Social Anxiety in Naturalistic Frameworks 

 The brief overview of research on the influence of bottom-up vs. top-down 

processing and machine learning on visual attention highlights the value of investigating 

alternative ways to evaluate attention in social anxiety. Along these lines, a body of 

research on visual attention and social anxiety has emerged that uses more realistic 

methods to assess attention. One early study tracked eye movements while participants 

freely viewed digital avatars in an elevator; participants were told that they would be 

giving a speech after they left the virtual elevator. The researchers found that social 

anxiety was associated with initial avoidance of virtual avatars in general as well as 

avoidance of the socially threatening avatars throughout the elevator simulation 

(Mühlberger et al., 2008).   

More recently, researchers have shifted focus to assessing attention during a 

public speaking challenge. Chen et al., (2015) and Lin et al. (2016) had participants with 

high and low social anxiety give a speech to an audience composed of pre-recorded 

videos displayed in a grid on a computer monitor. The audience members were coached 

to behave in naturalistic ways, including naturalistic social threat cues such as shaking 

their heads or sighing. This differs in important ways from the (angry or frowning) faces 

used in the dot probe or visual search paradigms. The findings from Chen et al. (2015) 

indicated that the participants high in social anxiety fixated for longer over all on non-

face regions than the faces of the audience. However, Lin et al. (2016), found that those 

in the high social anxiety group spent more time looking at the socially threatening 

audience. It is important to note that a major difference between the two studies in terms 
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of their analyses is that Lin et al. (2016) did not include a non-face region – this may be 

one reason the findings are different. Kim et al., (2018) investigated attention during a 

public speaking challenge using virtual reality (VR). Individuals with and without social 

anxiety disorder gave an impromptu speech to a digitally generated VR audience. The 

authors created a region in the VR environment where the virtual audience was seated 

and assessed the amount of time individuals looked in this region. They found that those 

with social anxiety looked less in the region with the audience members. While VR may 

be more immersive, the audience is not real video but rather digital avatars, which are 

much less lifelike. The use of 360º-video displayed in a virtual reality headset offers a 

way to bridge realism and immersion with experimental control.  

OVERVIEW OF DISSERTATION STUDIES  

Study 1: A public speaking challenge using 360º-video and eye tracking  

The goal of the first study was to investigate the relationship between social anxiety and 

eye movements during a real situation – giving a speech. We used 360º-video because it 

was both very realistic and allowed for a high degree of experimental control. The 

primary findings from the study were that greater fear of public speaking was associated 

with greater avoidance of uninterested (socially threatening) audience members 

compared to interested audience members. This finding supports avoidance as a potential 

attentional mechanism associated with social anxiety. However, it highlights the need to 

test whether avoidance serves as a maintaining factor in social anxiety disorder. 
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Study 2: A Virtual Reality Attention Guidance Intervention for Social Anxiety 

Disorder 

The goal of the second study was to investigate whether modifying this specific 

attentional process we found during public speaking led to improvements in public 

speaking anxiety. Moreover, we were interested in testing the relationship between 

change in eye movement behaviors and changes in symptoms of social anxiety. This 

would provide causal evidence that attentional processes play a role in the maintenance 

of social anxiety. To address this question we conducted a pilot clinical trial where 

participants completed two days of public speaking exposure in 360º-video environments 

and were randomized to standard exposure or exposure + attentional guidance.  

 Study 3: Testing Attentional Heterogeneity in Social Anxiety Disorder with Hidden 

Markov Models  

The goal of the third study was to investigate attentional heterogeneity among individuals 

with social anxiety disorder. Additionally, we were interested in testing whether the 

distinct attentional styles identified were predictive of treatment outcomes. This would 

provide preliminary evidence of the role of heterogeneity of attention in the treatment of 

social anxiety disorder. To address this question, we implemented Hidden Markov 

Models, which are a Bayesian method that utilizes fixation sequence and duration to 

identify distinct regions and patterns of fixations that can then be applied to a clustering 

algorithm to define groups. We then whether distinct groups identified through this 

method could predict treatment outcomes following virtual reality exposure therapy. 
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Study 1:  Avoidance of Social Threat: Evidence from Eye Movements 
During a Public Speaking Challenge Using 360º- Video1 

Naturalistic assessments of attentional patterns in social anxiety have primarily 

examined eye movements in conjunction with public speaking. This approach has the 

advantage of evaluating attentional patterns in a realistic context and in response to more 

ecologically-valid social threat (i.e. an active audience rather than static faces). 

Moreover, biased attention to social information may be a dynamic process that 

fluctuates over time. It is possible to evaluate attention over the course of a speech rather 

than as an aggregate of brief experimental trials. Prior work on eye movements and social 

anxiety during a public speaking challenge used either videos displayed on a computer 

monitor or digital avatars presented in virtual reality (VR). While both approaches offer 

improvements over the existing computerized paradigms, there is room to enhance both 

realism and immersion, which may enhance assessment of attentional processes in social 

anxiety. Moreover, the relationship between social anxiety and attention to specific, but 

realistic, behaviors that are socially threatening has yet to be examined when participants 

are in an immersive environment.  Further, no prior research has examined how attention 

 
1 Rubin, M., Minns, S., Muller, K., Tong, M. H., Hayhoe, M. M., & Telch, M. J. (2020). Avoidance of 
social threat: Evidence from eye movements during a public speaking challenge using 360-video. 
Behaviour research and therapy, 134, 103706, https://doi.org/10.1016/j.brat.2020.103706. CRediT 
authorship contribution statement: Mikael Rubin: Conceptualization, Methodology, Formal analysis, 
Investigation, Data curation, Writing - original draft, Visualization. Sean Minns: Conceptualization, 
Methodology, Writing - original draft. Karl Muller: Methodology, Software, Writing - original draft. 
Matthew H. Tong: Methodology, Software, Resources. Mary M. Hayhoe: Conceptualization, Methodology, 
Resources, Writing - review & editing, Supervision, Funding acquisition. Michael J. Telch: 
Conceptualization, Methodology, Resources, Writing - review & editing, Supervision. 
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to social threat changes the course of a public speaking challenge. Examining changes in 

attention over time may lead to additional insights about its role in social anxiety.  

As a pilot study, we investigated the influence of social anxiety on patterns of 

avoidance gaze to socially threatening behaviors during public speaking challenge using 

360º video presented with a VR headset (see Figure 1). We used this setup to maximize 

the immersion and realism of the public speaking challenge. Social anxiety was indexed 

by both the total score of the Liebowitz Social Anxiety Scale (LSAS; Leibowitz, 1987) as 

well the fear of public speaking subscale (Safren, Heimberg, Horner, Juster, Sheneier, & 

Liebowitz, 1999). We investigated the relationship between fixation frequency and 

audience members’ level of interest in the speech (interested vs. uninterested), which was 

quasi-experimentally manipulated (see Figure 1A). We hypothesized that individuals 

with greater social anxiety (both general and fear of public speaking, specifically) would 

avoid looking at uninterested audience members compared to the interested audience 

members. To better understand the time-course of attention across the speech we 

explored the effects of social anxiety on fixation frequency at 1-minute increments.  

METHODS 

Participants 

 Participants (N=96) in the study were students at the University of Texas and non-

students residing in the surrounding Austin community. Twelve participants were 

excluded from analyses. Reasons for exclusion included keeping their eyes closed during 

the speech (n = 3), technical issues with the eye tracking hardware resulting in missing 
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data (n = 6), failing to complete the pre-speech protocol (n = 2), and one participant 

withdrew from the study. The final sample consisted of 84 participants (see Table 1). The 

study was approved by the University of Texas Institutional Review Board (IRB). All 

participants provided informed consent. No monetary compensation was provided to 

participants. Participants in the introductory psychology course received experimental  

credit for their participation. 

 

Table 1: Demographic Summary (n = 84) 
Variable  Mean (SD); range 
Leibowitz Social Anxiety Scale (LSAS) 36.31 (19.91); 2-97 
Fear of Public Speaking Subscale  7.24 (2.85); 2-15  
Anticipated Fear 50.17 (24.20); 0-100 
Peak Fear 42.42 (28.25); 0-100 
Age  19.79 (4.02); 18-45 
  
 No. (%) 
Sex (female) 39 (46.4) 
Ethnicity (Hispanic) 20 (23.8)  
Race  
    Black or African American 7 (8.3) 
    Asian 20 (23.8) 
    White 46 (54.8) 
    Other 11 (13.1) 
LSAS by social anxiety likelihood cut-off  
     Unlikely (0-30) 36 (42.9) 
     Probable (30-60) 40 (47.6) 
     Likely (60-90) 6 (7.1) 
     Highly Likely (greater than 90) 2 (2.4) 
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Materials 

360º-video virtual reality speech environment  

The 360º-video virtual reality (VR) environment consisted of an audience of five 

individuals sitting in chairs at a table (Figure 3A). The actors in the video were graduate 

students in psychology at the University or volunteers from the Austin community and 

were coached to behave in different ways – some to act socially threatening (e.g. 

uninterested: yawning, looking at their phone), some acted socially positive (e.g. 

interested: leaning forward, smiling), and the central audience member acted neutrally. 

The video was filmed with assistance from the faculty at the Moody College of 

Communications, using two SP360º 4K VR Cameras, mounted on a tripod. To provide 

participants with the perspective that they were standing behind a podium, the tripod was 

placed in front of the podium during filming. During the actual speech, participants stood 

behind the same podium while wearing the VR headset and delivering their speech in the 

lab (Figure 3). To assess the integrity of our 360º-video environment, we assessed 

anticipated fear “Please rate the highest level of fear you expect to experience during the 

speech” and peak fear “Please rate the highest level of fear you experienced at anytime 

during the speech.” Both anticipated and peak fear were rated using a continuous scale 

from no fear = 0 to extreme fear = 100. As seen in Table 1, participants reported 

moderate levels of anticipated and peak fear. After the speech immersion was assessed 

using a 5-point Likert scale “To what extent did you feel as though you were really in the 

VR environment (i.e. immersed)?” 83% rated themselves as somewhat, a lot, or 
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completely immersed. Realism was assessed using a 5-point Likert scale “During the 

speech how often did you forget you were giving a speech to a digital audience?” 56% of 

participants reported forgetting that they were giving the speech to a digital audience 

some of the time, most of the time, or all of the time.     

Virtual Reality Headset and Eye Tracker 

Participants wore the Oculus Rift DKII virtual reality headset with built-in position 

tracking. The Oculus was upgraded with an SMI eyetracker to provide high-resolution 

eye tracking at a sampling rate of 60 Hz. A HiBall motion-tracking system (3rdTech) was 

used to track vertical and horizontal head movements. However, because the video was 

filmed from a fixed viewpoint, only the rotations (and not the translations) were used to 

update the image in the HMD. Participants completed a brief 3-point calibration prior to 

beginning the speech. Videos of the eye tracking and the video-display (i.e. what the 

participants saw) were recorded at each video-frame and saved as a .MOV file. These 

.MOV files were used to later verify the automated eye-gaze analyses.  

Procedure  

Participants signed up for the study via an online web platform for undergraduate 

students in an introductory psychology course, or by email for community participants. 

All self-report data were collected using the Qualtrics survey platform (Qualtrics, Provo, 

UT). 
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Participants first completed a series of self-report questionnaires including 

demographic information. Participants were then briefly oriented to the virtual reality 

environment. This consisted of them putting on the VR equipment and viewing the 

“empty” 360º-video virtual reality environment, which was filmed without the audience 

members present (Figure 3B). Participants were given 90 seconds to look around the 

environment. Following this orientation, we assessed whether participants experienced 

any dizziness/nausea. Participants were then given two minutes to prepare a five-minute 

speech on the topic “something you are proud of”. Participants completed a brief (30 to 

60 second) eye-tracking calibration procedure and were then instructed to deliver their 

speech. Participants who paused for more than 30 seconds or indicated they had nothing 

more to say before the 5 minutes had elapsed were prompted by the researcher to 

continue.  

Gaze Analysis 

Eye Movement Data Pre-Processing 

A data file that contained the eye tracking data was saved from Vizard 4 (WorldViz). We 

first used OpenPose (Cao, Simon, Wei, & Sheikh, 2018) to generate the regions of 

interest (ROIs) related to uninterested and interested audience members to be used for 

hypothesis testing, illustrated in Figure 3A.  

The 360º-video was run through OpenPose body, hand, and face keypoint 

detection. We then used custom MATLAB code in order to create a background vs. 

audience member mask. This was done by combining convex hulls that contain all face, 
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hand, and torso keypoints respectively, along with masks created by tracing thick lines 

for arm (shoulder to elbow), and forearm (elbow to hand) with pixel radius 28.3 and 13.9 

respectively. Once gaze in image coordinates were determined, each frame’s gaze in 

image coordinate was used to determine whether gaze was on the background (outside 

the aforementioned mask) or not (within aforementioned mask). For non-background 

gaze, the particular audience member (A1-A5) being looked at was determined based on 

which OpenPose keypoint was closest (OpenPose creates separate skeletons for each 

person detected in the image). The average ROI (i.e. mask) size in visual angle was 26.41 

(SD = 7.61) horizontally and 28.21 (SD = 9.00) vertically. 

  An automated program developed in house (Kit, Katz, Sullivan, Snyder, Ballard, 

& Hayhoe, 2014; Li, Aivar, Kit, Tong, & Hayhoe, 2016; Tong, Zohar, & Hahyoe, 2017; 

Li, Aivar, Tong, & Hayhoe, 2018) was used to identify fixations following the processing 

of the raw gaze data. (a) data were filtered with a moving window of three frames using a 

median filter to remove outliers, and an averaging filter to smooth the eye tracking 

signals; (b)  data were segmented into fixations and saccades by setting the parameters of 

the program to identify a fixation when the eye movement velocity fell below 50-

degrees/second for a period of at least 85 milliseconds (ms); (c) consecutive fixations 

were combined if they were less than 1-degree apart in space and less than 80 ms 

separated in time. Brief track losses were ignored if the fixation ROIs from the OpenPose 

pipeline were identical before and after the track loss.  
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Eye movement data manual checks  

The automated gaze data were checked manually by two independent coders who 

examined 30 second segments randomly selected from each data file to assess whether 

the gaze location in the MOV file (e.g. see Figure 3) agreed with the ROIs determined by 

the automated program. Across 3,694 fixations separately evaluated by each rater, full 

agreement with the program was reached in 94.7% of the cases.  

Eye movement data metrics 

To address our hypotheses, we computed the total fixation frequency to interested and 

uninterested participants. For our exploratory analyses investigating the time course of 

gaze during the speech we divided the eye movements into five 1-minute intervals and 

calculated the fixation frequency to interested and uninterested participants for each of 

those intervals. 
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Figure 3.       (A) The room with the audience members all shown. Audience members A1 
and A4 were coached to behave uninterested, audience members A2 and A5 
were coached to behave interested, and audience member A3 was coached 
to behave neutrally. Overlaid on each audience member is the region of 
interest used to detect fixation-location for that frame. The regions were 
dynamic and so changed frame to frame based on the movement of the 
audience members. Note that the perspective of what participants saw was 
both narrower and more detailed when using the Oculus headset – see 
Figure 1D for illustration. (B) The empty room participants saw when they 
were being oriented to the VR environment. (C) The researcher (M.R.) 
wearing the Oculus headset and the HiBall motion-tracking system (which 
was attached to the helmet). He is standing at the same podium used for 
filming. (D) A screen capture of what the researcher is seeing. The green dot 
represents where he is looking, but cannot be seen when actually wearing 
the headset. 

Data Analysis 
 We conducted Generalized Linear Mixed Models using version 1.1-21 of the 

lme4 package in R (Bates, Mächler, Bolker, & Walker, 2014). We evaluated number of 
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fixations (i.e. fixation frequency) as the dependent variable. General social anxiety (total 

LSAS score) and fear of public speaking (LSAS subscale) were standardized as self-

reported predictors of fixation frequency. Audience member behavior (uninterested vs. 

interested) was entered as a factor variable.  

To address our primary hypothesis, we evaluated the interaction between each 

self-report measure and audience member (uninterested vs. interested). We included a 

random effect for participant to account for multiple observations within person across 

audience member factor. For the exploratory analyses we added an interaction term with 

a continuous variable for time (each 1-minute interval during the speech) as well as a 

random slope for time.  For all analyses we used a Poisson distribution with an 

observation level random effect to account for overdispersion and controlled for fixations 

to background and fixations to the neutral audience member. We set α = 0.05 for all 

analyses and 95% confidence intervals around the parameter estimates for each model 

were calculated using the Wald method. The data and syntax used for the analyses are 

available online (https://osf.io/u3tyx/). 

RESULTS 

During the speech, do participants with greater social anxiety avoid the uninterested 

audience members compared to the interested ones? 

See Figure 4A-B for an overview of the findings. There was a large main effect of 

fixation frequency on audience members, with greater number of fixations to interested 

audience members (M = 63.3 ± 5.44, SD = 49.8) relative to uninterested audience 
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members (M = 49.3 ± 4.67, SD = 42.8), b = 0.833, p < 0.001, 95% Confidence Intervals 

(CI) [0.414, 1.25]. We did not find an interaction between LSAS and audience member 

behavior, b = 0.266, p = 0.209, 95% CI [-0.149, 0.681]. However, we did find an 

interaction between the fear of public speaking subscale and audience member behavior, 

where there was greater avoidance (i.e. fewer fixations) to uninterested compared to 

interested audience members, b = 0.418, p = 0.046, 95% CI [0.008, 0.829]. 

Do patterns of attention to uninterested audience members compared to interested 

change over the course of the speech? 

See Figure 4C-D for an overview of the findings. The interaction between LSAS, 

audience member, and time did not reach statistical significance, b = -0.059, p = 0.168, 

95% CI [-0.144, 0.025]. However, the interaction was significant for fear of public 

speaking, b = -0.087, p = 0.042, 95% CI [-0.172, -0.003]. For the fear of public speaking 

subscale initial avoidance of uninterested audience members compared to interested 

audience members declined over the course of the speech. Post-hoc Bonferroni corrected 

contrasts showed that there was a significant effect of fear of public speaking on 

avoidance of social threat in each of the first three minutes of the speech, but not in the 

fourth or fifth minutes. 
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Figure 4. (A) There was an interaction between fear of public speaking and audience 
members (uninterested vs. interested); we found fewer fixations to 
uninterested audience members with greater fear of public speaking. (B) 
There was no relationship between general social anxiety and number of 
fixations to uninterested compared to interested audience members. (C) 
Greater fear of public speaking was associated with fewer fixations to 
uninterested compared to interested audience members. Post-hoc Bonferroni 
corrected contrasts indicated that the difference was significant for the first 
three minutes of the speech. (D) A similar pattern emerged related to general 
social anxiety, but the overall effect was not significant.  

 Note. For all plots the x-axis reflects standardized values. Shaded regions 
reflect 95% confidence intervals. LSAS = Liebowitz Social Anxiety Scale. 

DISCUSSION 

 The primary aim of this pilot study was to test the hypothesis that social anxiety 

was associated with avoidance of social threat during a public speaking challenge. 
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Avoidance is thought to serve as a behavior maintaining social anxiety through failure to 

challenge fear of negative evaluation (Wells, Clark, Salkovskis, Ludgate, Hackmann, & 

Gelder, 2016).  This study was the first to examine the potential utility of using a 360º-

video environment as an immersive and realistic, controlled environment for conducting 

research on attentional processes in social anxiety. Indeed, we found that participants 

reported elevated anticipated fear as well as elevated peak fear during the speech; 

moreover, most participants rated the experience as immersive and realistic, despite being 

told ahead of time that they would be speaking to a pre-recorded audience. Together, 

these data suggest that 360º-video environments may be useful for conducting public-

speaking exposure trials and could potentially be adapted for other social contexts.  

Support for our primary hypothesis was specific to the interaction between fear of 

public speaking and audience member (interested vs. uninterested). During the speech, 

those with greater fear of public speaking looked fewer times at uninterested (socially 

threatening) audience members compared to interested (non-threatening) audience 

members. We also found that initial avoidance of social threat diminished over the course 

of the speech.  

Fear of negative evaluation is a core feature of social anxiety (Wong & Rapee, 

2016). In the context of public speaking, if someone interprets uninterested audience 

behaviors as evidence of negative evaluation, then avoidance of those audience members 

only serves to reinforce the (faulty) belief that negative evaluation is truly threatening. 

For instance, if an audience member looks at their phone and the speaker’s interpretation 

is “I must be terrible at this”, then avoiding that information (i.e. uninterested audience 
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member behaviors) in the future only serves to reinforce the negative belief. No one that 

is giving a talk likes to see audience members looking at their phones. Indeed, in the 

current study there was a very large effect showing that all participants looked less 

frequently at the uninterested audience members compared to the interested audience 

members. The distinction is that those with greater fear of public speaking looked even 

less at the uninterested audience members. Interestingly, this gaze behavior was driven by 

differences in fixation frequency at the beginning of the speech that diminished over 

time. Rather than categorical avoidance of social threat, one interpretation could be that 

change in attentional avoidance with greater fear of public speaking reflects a slower rate 

of habituation to perceived negative evaluation, which is a factor maintaining social 

anxiety (Avery & Blackford, 2016). This interpretation fits neatly into the current 

conceptualization of evidence-based psychotherapy for social anxiety, where habituation 

to feared social situations drives symptom reduction (Berry, Rosenfield, Smits, 2008). 

However, physiological measurement during the course of the speech would be needed to 

provide a more direct test of this habituation hypothesis. 

Contrary to our expectations, we did not find evidence that social anxiety 

symptoms generally influenced gaze behavior. It may be that attentional avoidance 

during public speaking is driven primarily by domain specific fear (i.e. fear of public 

speaking). Alternatively, the sample in the current study included few individuals with 

probable social anxiety disorder; perhaps greater symptom severity would be associated 

with attentional avoidance irrespective of context. We found no evidence of 

hypervigilance to social threat. Recent (unpublished) work using real-world eye tracking 
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demonstrated that in a specific context (a waiting room) socially anxious individuals did 

show some evidence of hypervigilance-avoidance (Rosler, Gohring, Strunz, & Gamer, 

2019).  Allowing individuals to look around freely, and consideration of the context when 

assessing attentional allocation may be important considerations for future research. 

 Virtual and video environments offer the advantage of greater experimental 

control, but generalization of attentional processes to the real world is an important goal 

for future research on attentional processes during public speaking. This is particularly 

important to consider in the context of attention training strategies as a treatment 

modality for social anxiety. Working to develop in vivo attention modification 

interventions would provide a much stronger test of how attentional mechanisms are 

causally linked to social anxiety symptoms. 

The study has several limitations that warrant mention. First, the sample was 

primarily a non-clinical one and although diverse with some representation of individuals 

from the Austin community, most participants were university students. Second, while 

the composition and arrangement of the interested and uninterested audience members in 

the 360º-video was balanced, there was only one neutral audience member centrally 

located (see Figure 3). We considered exploring this neutral audience member as an 

additional contrast, but it would have been impossible to disentangle the effects of central 

fixation tendency (Tatler, 2007) from threat processing. Future studies are needed to 

determine the impact of neutral audience responding on attentional avoidance during an 

in vivo public speaking challenge.  
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The present findings from this pilot study identified an interaction between 

attentional avoidance of uninterested (socially threatening) audience members and fear of 

public speaking symptoms during a public speaking challenge in an immersive, realistic, 

virtual environment. Avoidant eye movement behaviors may serve to block or at least 

attenuate the processing of threat disconfirming information - a core therapeutic 

mechanism implicated in successful treatment of pathological anxiety (Bögels & 

Mansell, 2004). The use of 360º-video presented in an immersive environment coupled 

with eye tracking (using a VR headset) offers a potential platform for directly modifying 

these potentially maladaptive avoidant eye movement patterns by prescribing specific 

gaze behaviors (i.e., redirecting participants to attend to audience members’ faces) during 

in vivo interactions in socially threatening contexts such as public speaking and other 

socially relevant interactions. 



 44 

 

STUDY 2: A Pilot Study of a Virtual Reality Attention Guidance 
Intervention for Social Anxiety Disorder2  

 
Both theoretical models of Social Anxiety Disorder (Clark & Wells, 1995; Wong 

& Rapee, 2016) and some prior research (e.g. Kim et al., 2018; Study 1) support the 

hypothesis that avoidance of social threat may serve as a maintaining factor of the 

disorder.  However, directly testing this in the context of psychotherapy is challenging. 

For instance, it can be difficult, if not impossible, for a clinician to accurately assess the 

degree to which a patient is actually looking at audience members during an in vivo 

public speaking exposure, to assess the degree of attentional avoidance. The methods 

used in study 1 offer a technological framework for directly testing whether attentional 

avoidance is causally implicated as a mechanism maintaining SAD. 

To target this potential attentional mechanism directly, participants were 

randomized to an attention guidance condition or a standard exposure condition. The 

attention guidance condition had participants looking directly at the audience members 

during public speaking exposure trials conducted using an Oculus Rift headset that 

displays a 360º-video conference room environment. The integrated eye tracker in the 

Oculus Rift Headset allowed the clinician to validate attention allocation during each 

 
2 Published in final form as: Rubin, M., Muller, K., Hayhoe, M. M., & Telch, M. J. (2022). Attention 
guidance augmentation of virtual reality exposure therapy for social anxiety disorder: a pilot randomized 
controlled trial. Cognitive Behaviour Therapy, 1-17. MR designed the study with extensive input from 
MMH and MJT. MR collected the data under the supervision of MJT. KM provided support in the 
collection and analysis of the eye tracking data and the use of the virtual reality hardware/software. MR 
drafted the manuscript, except for the eye tracking methods which were drafted by KM. All authors 
provided feedback and revisions. 
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speech and provide feedback to participants. The current pilot RCT was intended to 

establish whether a larger study is warranted.  

First, we hypothesized that individuals who received attention guidance would 

show greater reduction in symptoms of social anxiety following the intervention. Second, 

we hypothesized that the effect of the attention guidance augmentation would be 

mediated by eye movement behaviors. Specifically, we expected that individuals that 

received attention guidance would look more at uninterested (socially threatening) 

audience members posttreatment and that this would at least partially account for the 

effects of the intervention on symptoms of social anxiety at the one-week follow-up. 

Thus, we tested not only whether the intervention was successful, but also a specific 

causal mechanism implicated in SAD.  

METHODS 

Participants 

Individuals (N=21) from the Austin community and from a large subject pool at 

the University of Texas with SAD who display marked fear of public speaking were 

recruited for participation in the study. The Institutional Review Board at the University 

of Texas at Austin approved all study procedures. 

Inclusion Criteria for the study were: (1) Age 18-65; (2) Fluent in English; (3) 

Personal Report of Public Speaking Anxiety > 98; (4) Leibowitz Social Anxiety Scale > 

30; (5) Peak fear ≥ 50 on the behavioral approach task during the baseline public 

speaking challenge; (6) Meets DSM-5 Criteria for Social Anxiety Disorder.  
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Exclusion Criteria for the study were: (1) Currently receiving CBT for Social 

Anxiety Disorder; (2) Significant visual impairment precluding the use of virtual reality 

equipment; (3) Unstable dose of psychotropic medications within 3 weeks prior to 

baseline assessment; (4) Current alcohol or substance use disorders; (5) Current, or 

history of bipolar disorder; current, or history of psychosis; (6) Serious suicidal risk, as 

determined by clinical interview. 

Note.  One participant in the exposure augmentation group declined to provide 
demographic information. PRPSA = Personal Report of Public Speaking 
Apprehension; LSAS = Leibowitz Social Anxiety Scale; SATI = Speech 
anxiety Thoughts Inventory; Current Tx = currently receiving 
psychotherapy (excluding CBT for social anxiety disorder). 

Table 2. Study 2 Demographics 
 Standard Exposure 

 (n = 10) 
Exposure Augmentation 
(n = 11) 

 M (SD) M (SD) 
Age 19.20 (1.23) 25.90 (15.42) 
PRPSA 139.40 (14.30) 140.27 (16.85) 
LSAS 79.70 (25.64) 75.27 (22.32) 
SATI 83.40 (18.19) 86.55 (17.04) 

 
 N (%) N (%) 
Female 5 (50) 8 (73%) 
Hispanic/Latinx 5 (50) 6 (55) 
Race   
    American Indian or Alaska 
Native 

1 (10) 0 

    Asian 3 (30) 1 (9) 
    Black or African American 0 1 (9) 
    White 6 (60) 8 (73) 
Current Tx 0 (0) 2 (18) 
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Figure 5.  Diagram of study flow.  

 

Figure 6.  Flow diagram of participant enrollment. 
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Study Design  

The study investigated an attention augmentation strategy in a 2-arm randomized 

controlled trial. Adults with SAD were enrolled in a 2-week (3 visit) VRET protocol. 

Participants were randomly assigned to one of two conditions: (a) Virtual reality 

exposure therapy plus attention guidance (VRET + AG) or (b) Standard virtual reality 

exposure therapy (VRET).  Symptoms of social anxiety were assessed at baseline, 

posttreatment and one-week posttreatment.  

Screening procedures 

Potential participants first completed an online pre-screen consisting of 

demographics information, treatment history, the Leibowitz Social Anxiety Scale (LSAS) 

and the Personal Report of Public Speaking Anxiety (PRPSA). Participants that endorsed 

clinically elevated symptoms of social anxiety (LSAS score of 30 or greater) and 

endorsed moderate levels of public speaking anxiety (PRPSA score of 98 or greater) were 

invited to the in-person assessment. 

When participants arrived at the lab a trained staff member reviewed the informed 

consent process, treatment procedures, and potential risks and benefits of participation. 

Participants then completed self-report questionnaires, followed by a diagnostic 

assessment conducted by a graduate student clinician. After the symptom assessment, 

participants were invited to the VR-lab to complete a public speaking challenge. The 

public speaking challenge involved an orientation to the virtual reality environment, 5-

minutes to prepare a 3-minute speech on a topic they selected (from a list), then giving 
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the 3-minute speech. Participants reported subjective units of distress before and after the 

speech. 

Following the public speaking challenge, eligible participants were randomized 

(using a balanced block-randomization procedure) to one of the two arms and started 

treatment immediately. 

Intervention 

Virtual Reality Exposure Therapy (VRET) 

Participants received a manualized VRET for social anxiety, which consisted of two 45-

minute sessions delivered over a one-week period by a graduate student clinician 

supervised by MJT. Treatment consisted of (1) psychoeducation and (2) public speaking 

exposures. Threat appraisals were collected prior to and following each exposure to 

assess anticipated fear, peak fear, and post fear.  

During the first session of the treatment participants received brief 

psychoeducation regarding SAD and a treatment rationale emphasizing that confrontation 

of feared and/or avoided situations is critical. Each exposure session consisted of 

completing six 3-minute speeches. Participants were able to select one of several prompts 

at the beginning of each session Participants had 5-minutes to prepare a speech based on 

the prompt and gave all six speeches during a given day on the same prompt. Between 

speeches participants had a 1-minute break. Following the six exposures, participants 

briefly processed the session with the clinician.  
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Virtual Reality Exposure Therapy + Attention Guidance (VRET + AG) 

 Participants completed the same protocol as the standard Exposure condition with three 

differences. (1) The treatment rationale included information about the importance of 

engaging in actions that directly counteract the naturalistic behavioral tendencies 

associated with anxiety and specifically the importance of looking directly at audience 

members. (2) Before each speech the participant was directed to address a specific 

audience member throughout the speech, focusing specifically on their face. (3) After 

each speech the clinician used an automated program to assess the percentage of time the 

participant was directly looking at their “target” audience member. The clinician 

provided the specific percentage along with encouragement to focus on the “target” 

audience member during each speech.  

Posttreatment Assessments 

 Posttreatment and follow-up assessments were the same self-report measures as 

pre-treatment and a public speaking challenge. Participants completed the posttreatment 

assessment immediately following the completion of the intervention and the follow-up 

assessment one-week after the posttreatment assessment.  

Measures 

Personal Report of Public Speaking Anxiety (PRPSA)  

The PRPSA is a 34-item instrument that is designed to assess public speaking anxiety. 

Participants rated their agreement with statements such as “I feel anxious while waiting 
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to give a speech” on a 1-5 scale (1= strongly disagree, 5 = strongly agree), with a score 

ranging from 34-170 (McCroskey, 1970).  

Liebowitz Social Anxiety Scale Self Report Version (LSAS-SR)   

The LSAS self-report scale (Liebowitz, 1987) is a 48-item measure of fear and avoidance 

concerning social interactions and performance situations (e.g. telephoning in public, 

talking to people in authority). Participants rated each item on a 0-3 Likert scale for Fear 

or Anxiety (0 = “none”, 3= “severe”) and Avoidance (0= “never (0%) to 3 = “usually 

(67-100%) with a score ranging from 0-144.   

Threat Appraisal Ratings 

Threat appraisal ratings were administered prior to and following each exposure trial 

using a (0-100) visual analog scale to assess the degree of threat associated with 

completing the next trial (i.e. expected fear) and the greatest degree of threat experienced 

during the trial (i.e. peak fear).  

Speech Anxiety Thoughts Inventory (SATI)  

The SATI is a two factor (prediction of poor performance and fear of negative evaluation 

by audience) instrument, measuring maladaptive cognitions associated with speech 

anxiety. Items (e.g., “My speech won’t impress the audience”) are rated on how strongly 

the statements are believed, on a 5-point scale (1 = “Not at all” to 5 = “Completely”). 

(Cho et al., 2004)  
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Structured Clinical Interview for DSM-5 (SCID-5)  

The SCID-5 is a semi-structured clinician administered interview that is the gold-

standard for determining mental health diagnoses for DSM-5. Selected portions of the 

SCID-5 was administered by a graduate clinician to assess for social anxiety disorder, 

alcohol and substance use disorders, psychosis, and bipolar disorder (First et al., 2015). 

Columbia Suicidality Severity Rating Scale (C-SSRS)  

The C-SSRS is a semi-structured clinician-administered measure to assess suicidality. 

The C-SSRS was administered by a graduate clinician (Posner et al., 2011). 

Concurrent treatment  

Psychotropic medication and current utilization of psychotherapy was be assessed on the 

online prescreen. 

Demographics  

Participants were asked to provide demographic information including sex, age, 

race/ethnicity, visual impairment, language history and use, etc. on the internet prescreen. 

Materials 

360º-video virtual reality environments  

The 360º-video virtual reality (VR) environments consist of an audience of six 

individuals sitting in chairs around a conference table or in a lecture hall. The pre-
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treatment public speaking challenge and treatment context were the conference room. 

The post-treatment and follow-up public speaking challenge context were the auditorium. 

There are two groups of audience members – public speaking challenge audience 

members and treatment audience members. All videos feature the six audience members 

acting as if they are listening to a speech with varying levels of interest. Audience 

members were coached to behave interested (nodding, smiling), neutral (no facial 

expressions), or uninterested (looking away, looking at phone). Audience members 

played different roles in each video they were a part of. The actors in the video were 

researchers (undergraduate, post-bac, and graduate) in psychology at the University of 

Texas at Austin. The video was filmed with a Samsung Gear 360 camera, mounted on a 

tripod.  

 

Figure 7.  Cropped stills of 360º-video stimuli used for each part of the study. 
Audience members in Pre-treatment, Post-treatment, and One-week Follow-
up are the same; audience members in Day 1 and Day 2 are the same. 

Pre-treatment Day 1 treatment Day 2 treatment

One-week Follow-upPost-treatment
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Virtual Reality Headset and Eye Tracker  

Participants wore the Oculus Rift DKII virtual reality headset with built-in 

position tracking. The Oculus was upgraded with an SMI eyetracker to provide high-

resolution eye tracking at a sampling rate of 75 Hz. A HiBall motion-tracking system 

(3rdTech) was used to track vertical and horizontal head movements. However, because 

the video was filmed from a fixed viewpoint, only the rotations (and not the translations) 

were used to update the image in the HMD. Participants completed a brief calibration 

procedure prior to beginning the speech. Videos of the eye tracking and the video-display 

(i.e. what the participants saw) were recorded at each video-frame and saved as a .MOV 

file. These .MOV files were used to later verify the automated eye-gaze analyses.  

Gaze Processing 

Eye movement data were collected pre-treatment, at each exposure trial, at the 

posttreatment assessment and at the 1-week follow-up assessment. The methods used for 

processing gaze data were the same as in study 1.  

Data Analysis Plan  

The primary aims of this study were to 1) compare the efficacy of attention 

guided exposure therapy to standard virtual reality exposure and 2) evaluate whether 

attention mediates the effect of treatment group on fear of public speaking and social 

anxiety symptoms. To test our primary hypotheses regarding the influence of the 
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intervention on fear of public speaking (PRPSA) we conducted Bayesian multilevel 

models using the brms package version 2.15 (Bürkner, 2018). For aim 1 we examined the 

interaction between assessment and group predicting the outcome post-treatment and at 

1-week-followup. For aim 2, we examined the indirect (i.e. mediating) effect of 

proportion of fixations to uninterested (socially threatening audience members) at the 

post-treatment assessment, on the relationship between intervention group and the post-

treatment assessment of PRPSA at the 1-week-followup (see Figure 8). To facilitate 

interpretation of the mediation analysis we partially standardized the model coefficients 

after completing the analyses using unstandardized variables following recommendations 

in the literature regarding indirect effect sizes when X is dichotomous (Hayes & 

Rockwood, 2017; Preacher & Kelley, 2011). In all models we included average 

proportion of fixations to audience members during intervention sessions as a covariate to 

control for variation in treatment adherence. We completed the same analyses to evaluate 

our secondary outcome of general social anxiety symptoms measured with the LSAS.  

As integrity checks on the efficacy of the attention augmentation condition we 

tested whether there were group differences for average number of fixations on audience 

members during the intervention trials, as well as whether there were differences in 

proportion of fixations to uninterested audience members post-intervention and at 1-week 

follow-up. We also explored multivariate models incorporating all three audience 

member behaviors. For models with the proportion of fixations (both these integrity 

checks as well as for the mediation models) we used the zero inflated beta family to 

appropriately address the distribution of the proportion data. 
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Figure 8.  2-1-1 Multi-level mediation model used in the current study to test our 
second hypothesis. Intervention group was a between group variable, while 
the mediator and dependent variables were estimated within each individual 
at each timepoint (baseline, posttreatment assessment and one-week follow-
up assessment). 

 
We computed Bayes Factors (BFs) using the Savage-Dickey Density ratio 

(Wagenmakers et al., 2010) for all models where we set priors using the hypothesis 

function in brms. The Savage-Dickey Density ratio was calculated in the current context 

by dividing the posterior density by the prior density. Given that priors exert a large 

influence on the posterior estimates with small samples sizes, we used BFs to provide a 

sense of the influence of the priors on the study data. Importantly, we can be more 

confident in the presence of an effect when it the posterior estimate is shifted further from 

zero than the prior and vice versa. A BF equal to one means there is equal support for the 
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exposure vs. Attention 
Guidance Augmentation)

Mij = Proportion Fixations to
Uninterested Audience 
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null and alternative hypotheses while smaller BFs reflect greater support for the null and 

larger BFs reflect greater support for the alternative, with commonly accepted guidelines 

for the magnitude of the support (e.g., 1-3 is anecdotal evidence in favor of the 

alternative; 1/3-1 is anecdotal evidence in favor of the null).  

For each result we report the beta estimates, 95% highest posterior density 

interval (HDI), and BFs of the model estimated with our original prior. We also provide 

the range of BFs as well as the sensitivity of the beta estimates based on our sensitivity 

analyses (see below). 

Prior Estimates  

We set informative priors based on expected effects that were based on a literature review 

of brief exposure-based intervention for social anxiety, as well as based on expert review. 

On a philosophical level, use of priors aligns with the idea that all available data should 

be used to draw inferences – including data from previous findings (Kruschke & Liddell, 

2018). On a more practical level, there is substantial evidence to support to the use of 

informative priors to address the ‘winner’s curse’ – which is where significant effects in 

an initial study are not subsequently replicated (Altoè et al., 2020). Moreover, Lemoine 

(2019) conducted simulation analyses showing that weakly informative priors can 

regularize results in small samples (n < 50), providing a more conservative estimate.  

  We largely followed the WAMBS (When to worry and how to Avoid the Misuse 

of Bayesian Statistics) checklist (Depaoli & van de Schoot, 2017). This checklist 

provides a step-by-step approach to ensuring that a model estimation procedure is 
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acceptable and that the influence of the priors is well delineated.  We tested the 

sensitivity of the priors by using less informative (smaller effects) parameter estimates as 

well as uninformative priors centered on zero to determine the influence of the strength of 

the priors on the posterior estimates. 

Priors for the effect of the intervention on fear of public speaking (PRPSA) were 

primarily based on a relatively recent study which also used a two-session public 

speaking exposure model (testing affect labeling as a potential mechanism; Niles et al., 

2015). In terms of the efficacy of the augmentation for which there is no previous 

research, we used a prior that reflected a moderate effect (∆ 10 on PRPSA score). It was 

impossible to predict whether there would be a greater gain at post-treatment followed by 

a ‘rebound’ (i.e. regression towards the mean) or whether the gains would continue and 

we tested the sensitivity of our priors by varying the magnitude of the effects as well as 

their direction (to a certain degree). We also tested a model with uninformative priors 

providing the shape of the distributions centered, but centered on zero. Similarly, for the 

LSAS we used previous research to determine the priors. One challenge was that most 

studies addressing fear of public speaking did not have a clinical sample of socially 

anxious individuals – we predicted greater severity of social anxiety symptoms in the 

current study – and so drew from other studies as well (Lazarov et al., 2018). We 

primarily based our estimates of the efficacy of the intervention using a recently 

published single-session feasibility VRET study (Lindner et al., 2021). The estimate of 

the effect of the intervention provided a good starting place to inform our priors – based 
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on the likelihood that 2 sessions would be more potent, we also used estimates from other 

longer intervention studies.     

Priors on the effects of the intervention on proportions of fixations to audience 

members were not based on previously collected data because there is no literature that 

clearly delineates expected changes in gaze to public speaking challenges. We chose 

initial priors that reflected modest but meaningful effects, reflecting changes in gaze 

behavior substantial enough to have potential implications for treatment outcomes as a 

causal mechanism. However, as with the other analyses, we tested several smaller effects 

as well as an uninformative prior centered on zero.   

Power analysis 

We did not conduct a power analysis that reflected the sample size for the current pilot 

study. We had initially conducted a power analysis through a simulation study prior to 

COVID-19, indicating a sample size of 60 would be sufficient to detect a meaningful 

effect for both aims 1 and 2. However, due to COVID-19 enrollment ended before we 

could meet our recruitment goals. We decided to rely on the strengths of the Bayesian 

approach highlighted above to investigate whether it would be worthwhile to conduct a 

more extensive RCT. Data and syntax are available at https://osf.io/48nrx/ 
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RESULTS 

Intervention Integrity Checks 

 Table 2, below, summarizes the mean proportion of fixation to Uninterested, 

Interested, and Neutral audience members by group across time points. We primarily 

evaluated the role of proportion of fixations to uninterested (socially threatening) 

audience members, but also explored proportion of fixations to interested and neutral 

audience members. 

There were meaningful differences in the proportion of gaze allocated to audience 

members during treatment in the standard-exposure compared to attention-guidance 

conditions b = 0.27, 95% highest posterior density interval (HDI) [0.11, 0.41], Bayes 

Factor (BF) = 70.14, with greater gaze allocated to audience members in the attention-

guidance condition during the intervention trials. 

There were no meaningful differences in the overall change in proportion of 

fixations to uninterested (socially threatening) audience members at post-treatment b = 

0.14, 95% HDI [-0.16, 0.44], BF = 1.02 or at one-week follow-up b = 0.23, 95% HDI [-

0.08, 0.53], BF = 2.00. Bias was large for the effect of time at post-treatment and follow-

up, but BFs were similar (rangebias: 31-610%; rangeBF: 0.93-0.94) and follow-up 

(rangebias: 19 – 324%; rangeBF: 1.11-1.59). There was also no main effect of group b = 

0.09, 95% HDI [-0.30, 0.48], BF = 1.02. Sensitivity analyses indicated a large degree of 

bias, but similar range of BFs (rangebias: 97-12,000%, rangeBF: 0.99-1.00). Evidence 
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suggests that no conclusion can be reached for the main effect of group on proportion of 

fixations to uninterested audience members. 

There was a meaningful group (VRET vs. VRET + attention guidance) x 

assessment interaction at post-treatment b = 0.16, 95% HDI [0.07, 0.26], BF = 2.52, and 

at one-week follow-up b = 0.30, 95% HDI [0.20, 0.39], BF = 0.91. There was a large 

degree of bias, although BFs remained similar at post-treatment (rangebias: 84-991%, 

rangeBF: 1.10-1.59) and at one-week follow-up (rangebias: 97-6,000%, rangeBF: 1.00-

1.14). Evidence suggests that the attention guidance augmentation may have led to a 

greater proportion of fixations to uninterested audience members at post-treatment, but 

that that difference may have been attenuated by the follow-up. 

Multivariate exploratory analysis suggested that there was also a meaningful 

difference at post-treatment for Neutral audience members b = 0.17, 95% HDI [0.07, 

0.27], BF = 3.39, where the attention guidance augmentation also led to greater 

proportion of fixations to the Neutral audience member at post-treatment, although this 

was also attenuated by follow-up b = 0.30, 95% HDI [0.20, 0.40], BF = 0.63. 
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Table 3. Proportion of Fixations on Audience Member Types Across Assessments 
  Standard Exposure Exposure Augmentation 
Audience Members M SD M SD 
Uninterested Baseline 10.42 6.74 11.69 7.91 
 Post-Treatment  6.69 6.53 22.42 9.59 
 Follow-up  15.38 11.65 18.35 10.69 
Neutral Baseline 11.73 7.35 10.96 5.42 
 Post-Treatment  14.49 6.80 26.74 11.44 
 Follow-up  5.70 5.22 19.68 12.83 
Interested Baseline  8.31 5.70 8.40 6.07 
 Post-Treatment  3.29 3.49 10.17 6.43 
 Follow-up  12.23 8.39 20.89 9.69 

Effects of Virtual Reality Exposure Therapy  

 Means and standard deviations for the primary and secondary outcomes are 

presented in Table 3, below.  

We found that there was a main effect of time on fear of public speaking, with a 

meaningful reduction in fear of public speaking post-treatment b = -17.37, 95% highest 

posterior density interval (HDI) [-21.64, -9.63], Bayes Factor (BF) = 510.80 and at 1-

week follow-up b = -13.16, 95% HDI [-21.28, -9.01], BF = 26.14. The sensitivity 

analyses indicated a very small degree of bias based on the priors and BFs were similar in 

magnitude for post-treatment (rangebias: 0.49- 2.12%; rangeBF: 313.04-556.61) and the 

one-week follow-up (rangebias: 2.18-2.67%; rangeBF: 29.88-37.83). Evidence across priors 

supported the presence of an effect, with somewhat stronger evidence in favor of an 

effect at post-treatment than at one-week follow-up.  

We found weak evidence against a main effect of group (standard exposure vs. 

attention augmentation) on fear of public speaking b = -5.55, 95% HDI [-13.88, 2.53], BF 
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= 0.28. Despite extreme bias of the beta estimate (range: 141-416%), BFs were only 

anecdotally in favor of the null for the weaker priors (range: 0.34-0.59). Moreover, we 

did find not find an effect of group at post-treatment b = 6.14, 95% HDI [-1.57, 13.95], 

BF = 0.38, with sensitivity analysis indicating extremely strong bias for the beta 

estimates (46-372%) and BFs anecdotally in favor of the null (BF range: 0.34-0.59) or at 

one-week follow-up b = 3.19, 95% HDI [-10.16, 16.57], BF = 0.37. Sensitivity analyses 

indicated extremely biased estimates of the posterior distribution (range: 70-1,149%) with 

BFs anecdotally in favor of the null (range: 0.51-0.79%). With substantial bias of the 

estimate based on the priors and consistent anecdotal evidence for the null, there was 

weak evidence in support of the null – that the intervention augmentation had no effect 

on fear of public speaking over and above standard exposure.  

We found a main effect of time for general symptoms of social anxiety at post-

intervention b = -11.72, 95% HDI [-18.61, -4.58], Bayes Factor (BF) = 6.45 and at 1-

week follow-up b = -21.99, 95% HDI [-29.08, -14.70], BF = 615.78. The sensitivity 

analyses indicated a very small degree of bias in the beta estimates post-treatment (range: 

-1.57-0.60%), and BFs remained in favor of the alternative (range: 3.55-13.32). Similarly 

for the follow-up there was little bias (range: -1.18-0.38%), BFs were strongly in favor of 

the alternative (range: 224.44 – 372.91).   
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Figure 9.  This figure depicts the effects of the intervention on (A) the primary 
outcome (fear of public speaking) and (B) the secondary outcome (general 
social anxiety symptoms) – right panel. Solid lines reflect the median effect 
for each intervention group. We included 100 draws of the posterior 
distribution for each group, which are lightly shaded. There was 
inconclusive evidence to support differences at posttreatment and follow-up 
(neither support for alternative nor null hypotheses). Note. PRPSA = 
Personal Report of Public Speaking Apprehension; LSAS = Leibowitz 
Social Anxiety Scale.  

Table 4. Symptoms of Social Anxiety Across Intervention Group and Assessment 
  Standard Exposure Exposure Augmentation 
Audience Members M SD M SD 
PRPSA Baseline 139.40 14.30 140.27 16.85 
 Post-Treatment  119.63 19.54 123.50 21.21 
 Follow-up  123.71 17.01 123.56 18.98 
LSAS Baseline 79.70 25.64 75.27 22.32 
 Post-Treatment  65.88 27.27 64.8 21.29 
 Follow-up  55.57 15.08 51.89 28.18 
SATI Baseline  83.40 18.19 86.55 17.04 
 Post-Treatment  70.12 19.69 73.8 22.11 
 Follow-up  60.43 18.30 64.22 20.45 
Note. PRPSA = Personal Report of Public Speaking Apprehension; LSAS = Leibowitz 
Social Anxiety Scale; SATI = Speech Anxiety Thoughts Inventory 
 

We did not find a main effect of group on general social anxiety symptoms b = -

4.86, 95% HDI [-17.08, 11.48], BF = 0.84 and both the model BF as well as the 
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alternative prior BFs were all anecdotally in favor of the null (range: 0.68-0.99). There 

was also large bias for the beta estimate (range: 30-277%). Similarly, we found no effect 

of group at post-treatment b = -2.05, 95% HDI [-13.48, 18.18], BF = 0.24 and one-week 

follow-up b = -3.20, 95% HDI [-15.27, 22.15], BF = 0.44 and evidence from those model 

BFs were in favor of the null. There was also substantial bias post-treatment (range: 38-

608%) and for one-week follow-up (range: 69-281%) and the BFs also anecdotally 

favored the null post-treatment (range: 0.61-0.74) and at one-week follow-up (range: 

0.53-0.83). 

Mediating Effects of Gaze Behavior on Intervention Outcomes 
 
 We found anecdotal evidence that greater proportion of fixations to Uninterested 

audience members at the post-treatment assessment, did not mediate the effect of group 

(standard exposure vs. attention guidance augmentation) on fear of public speaking at the 

one-week follow-up (partially standardized indirect effect = -0.218, 95% HDI [-0.605, 

0.026], BF = 2.85. Despite extreme bias of the estimates, there was anecdotal support for 

the presence of an indirect effect (rangebias: 131-3,300%; rangeBF: 1.10-1.57).  

However, we found weak evidence for the mediation effect on general symptoms 

of social anxiety (partially standardized indirect effect = -0.097, 95% HDI -0.197, -

0.024], BF = 1.58. Despite extreme bias of the estimates, there was anecdotal support for 

the presence of an indirect effect (rangebias: 32-870%; rangeBF: 1.12-1.48). Taken together 

our results suggest that there is weak evidence supporting the role of attention change on 

symptoms of fear of public speaking and general social anxiety, but further research is 
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needed with larger samples. In Figure 10 below, we highlighted the influence of priors on 

our estimation of the indirect effect. 

 

Figure 10.  This figure depicts the distribution of the posterior draws for the indirect 
effect of the (A) primary and (B) secondary clinical outcomes. As is 
depicted in the above panels, our findings of the indirect effect were 
strongly biased by our priors. With the initial prior there is stronger support 
for a moderately sized indirect effect. The posterior estimates are clearly 
influenced by the priors – as the prior distribution approaches zero so does 
the posterior. Yet, the location of the posterior is consistently left of the 
prior, suggesting that there is likely to be an effect, although it is unclear 
what the magnitude of the effect is likely to be with a larger sample. 

Note.  Grey dotted line reflects an indirect effect = 0 

DISCUSSION 

 This pilot study tested attentional avoidance as a potential mechanism maintaining 

social anxiety during exposure therapy. Our first aim was to examine whether an 

attention guidance augmentation would enhance the efficacy of a virtual reality exposure 
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intervention for social anxiety disorder. There was a meaningfully large reduction in fear 

of public speaking and general symptoms of social anxiety across groups. There was 

anecdotal evidence in favor of the null (that there was no difference between the two 

intervention groups). Given the small sample size in this pilot study, the bias of the 

estimates based on the priors and the consistently weak support for the null across priors, 

further research with larger samples may be warranted. However, preliminary evidence 

does not support the presence of an effect of the attention guidance augmentation on fear 

of public speaking or general symptoms of social anxiety. 

Our second aim was to test whether the influence of intervention group on fear of 

public speaking and general social anxiety symptoms was mediated by changes in gaze 

behavior following the intervention. There was strong evidence that our intervention 

engaged the target mechanism - the exposure augmentation led to a meaningful change in 

attention allocation, with a substantially greater proportion of gaze toward uninterested 

(socially threatening) audience members compared to the standard exposure group 

following the intervention. However, evidence regarding decreased avoidance as a 

potential mechanism maintaining social anxiety was slight. It is important to 

acknowledge that the sample size of the current study may have limited the possibility of 

detecting this indirect effect. In particular, if the effect of reducing avoidance on 

symptoms of social anxiety is smaller than anticipated, then conducting a study with a 

larger sample is especially important. 

There are other considerations beyond sample size that may have influenced the 

effect of the attention augmentation. We conducted a brief 2-session protocol, because 
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the reduced efficacy compared with a full-length (e.g., 8-week) protocol makes it more 

feasible to test the influence of potential mechanisms (see for instance Niles et al., 2015). 

Given that the two-session VRET intervention was highly effective it is possible that the 

influence of the intervention augmentation was masked. Longer follow-ups may be also 

useful in determining whether the augmentation provided additional benefits in symptom 

reduction.  If the intervention and assessment periods were too few and too close together 

to detect the influence of changes in gaze behavior on symptoms of social anxiety, our 

ability to draw meaningful conclusions may have been especially limited. Since gaze and 

attention are tightly linked to learning, it is possible that individuals with social anxiety 

who typically avoid social information needed more time to adjust their priors about 

appraisals of social information before changes to symptoms could emerge. With only a 

one-week follow-up, there may not have been enough opportunities to acquire evidence 

in the real-world that greater gaze towards others in social situations is acceptable. 

Additionally, the way we measured and targeted attention in the intervention was 

straightforward, building from approaches in prior research. However, attention is a 

dynamic and complex process, and it is possible that alternative ways to evaluate gaze 

behavior may yield further insights into their role in social anxiety and the implications 

for treatment. Finally, we screened participants based on their self-reported fear 

following the pre-treatment public speaking challenge. This was to ensure responsivity to 

the 360º-video stimuli during VRET. However, this may also have facilitated some of the 

treatment efficacy we found across groups as individuals that found the public speaking 

more challenging were more likely to benefit from the intervention. It may be worthwhile 
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to consider including anyone meeting criteria for SAD (or even sub-clinical levels of 

social anxiety) in future research. 

Our findings highlight the utility of a Bayesian approach as we were able to 

conduct a meaningful analysis despite a small sample size and interpret our ambiguous 

findings in a way that serves to inform future research. It can be useful to identify support 

for the null at early stages in testing potential treatment mechanisms (Elsey et al., 2020), 

since even with small samples strong support for the null can curtail avenues of research 

that are unlikely to yield meaningful results. That we found no strong support in either 

direction can be taken as evidence that future research with larger sample sizes is needed 

to clarify the role of attention as an augmentation strategy for VRET.  

Taken together our findings offer further validation that VRET for social anxiety 

disorder is a highly effective treatment. Additionally, we showed that attentional 

processes can be directly altered during exposure therapy. Despite ambiguous findings 

regarding the causal influence of attentional change on social anxiety symptoms, this 

study represents a useful first step towards the integration of attention modification 

directly into therapy. 
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STUDY 3: Testing Attentional Heterogeneity in Social Anxiety Disorder 
with Hidden Markov Models  

Previous research has suggested there may be both behavioral (Van Bockstaele et 

al., 2014) and neural heterogeneity (Evans et al., 2020; McTeague et al., 2018) 

underpinning attentional processes in social anxiety disorder (SAD). While there is 

evidence from experimental paradigms to suggest attentional heterogeneity might be 

present in SAD (Bantin et al., 2016), there is room to further explore this question using 

more naturalistic eye tracking, especially within a task-based context (e.g. public 

speaking). Additionally, within the computerized attention bias literature findings have 

supported pre-treatment attention predicting therapeutic outcome, although the findings 

are somewhat mixed (Mogg & Bradley, 2016). Testing data-derived attentional 

heterogeneity as a predictor of treatment outcomes may be particularly useful for 

developing more individualized and targeted intervention approaches.  

Typical experimental paradigms, as well as more naturalistic research (like 

studies 1 and 2 of this dissertation), rely on using pre-defined regions of interest (ROIs) 

to estimate attentional processes. While highly useful for making gaze data more 

interpretable, Hsiao and colleagues (2021) point out that the use of ROIs diminishes our 

ability to capture individual differences because it compresses the dimensionality of 

spatial (e.g. ROI choices) and temporal (gaze transitions between the ROIs) data. 

Researchers recently developed a machine-learning method called eye-movement 

analysis with hidden Markov models (EMHMMs) that takes into account spatial and 
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temporal features of gaze data (Chuk et al., 2014). These models are agnostic to the 

relative importance of specific features of the visual environment yet capture distinct 

patterns of attention over time in meaningful ways. This provides an alternative way to 

understand attentional processes, particularly when it comes to evaluating heterogeneity. 

Compression of eye tracking data naturally relies on some assumptions about what is 

important in the world – in the context of social anxiety we assume that it is people that 

reflect the most important aspect of the environment. Moreover, we make assumptions 

about audience members representing distinct regions of interest. Yet, due to the complex 

and dynamic nature of attention especially in the context of a task like public speaking, it 

is entirely possible that the information lost through compression to structure data around 

these assumptions limits how we can understand attentional processes in social anxiety. 

In the current study we used EMHMMs to test whether there was heterogeneity in 

attentional processes among individuals with SAD prior to completing a two-session 

virtual reality exposure therapy (VRET) intervention.  Our second aim was to test 

whether distinct groups pre-treatment could predict post-treatment outcomes. 

Additionally, given that we identified some changes in attentional processes due to the 

attention augmentation in study 2, we were also interested in exploring whether 

intervention group influenced HMM group membership following the intervention.  

METHODS 

 Participant data were the same as in study 2. The only difference was that we used 

the eye tracking data after pre-processing to detect fixation location (x, y coordinates) and 
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duration (milliseconds) without including any information about a priori regions of 

interest (i.e. whether a fixation was on a specific audience member) and without 

summarizing proportions of fixation. 

Data Analysis 

Hidden Markov Models 

We used the methods described by Hsiao and colleagues (2021) in a recent paper. 

First, we generated a Hidden Markov Model for each individual with between 2-7 ROIs 

for the pre-treatment (n=21), post-treatment (n=18), and follow-up (n=16) public 

speaking challenges. We chose a maximum of 7 ROIs because this reflected the number 

of audience members plus background that we would have utilized with setting ROIs a 

priori (as we did in study 2). It seemed plausible that fewer ROIs could fit better, but 

more than 7 ROIs could easily have become challenging to interpret. 

  To determine whether there were distinct groups, we clustered the individual 

HMMs using the variational Bayesian hierarchical EM (VBHEM) algorithm. We tested 

the fit of 2-group models with 2-7 ROIs and examined the Log-likelihoods (LLs) to 

evaluate the best fitting model. We then computed the mean LL for each individual under 

each group membership. When there is a meaningful difference in LLs between group 

memberships for LLs generated for each group, that provides evidence of the clustering 

approach categorizing individuals in a meaningfully distinct way.  
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 To determine whether group membership changed, we first looked at the 

outcomes of the HMM clustering procedure at each assessment. We had no reason to 

believe that the groups would be completely stable, given that participants were 

completing an intervention for social anxiety. If the groups appeared meaningfully 

distinct and the group membership changed, we were primarily interested in the 

proportion of individuals in each intervention condition that changed group. Note that 

pre-treatment the HMM group membership was evenly divided among those in VRET 

and those in the attention augmentation condition. 

 Lastly, we evaluated the transition matrices between the states identified for each 

group. A transition matrix provides an estimate of the likelihood that the next fixation 

will be on S state (this can be either the same state or a different state).  In the current 

context the hidden states were reflected as the regions of interest. We could not directly 

compare a region between groups both because the numbering of regions is arbitrary and 

because the regions themselves varied between groups. Instead, we compared the average 

transition probability on the diagonal of the matrix (the probability the next fixation 

would remain on the region it was currently in) and the upper/lower triangles of the 

matrices (the probability the next fixation would be on a different region). In the current 

context we interpret greater likelihood of transitions between states as reflecting a degree 

of attentional flexibility and greater likelihood of transitions within states as reflecting a 

degree of attentional control.  

We used brms to conduct Bayesian group comparisons, using uninformative 

priors centered on zero. As there is arbitrary group assignment for the HMM clustering at 
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each timepoint, we visually inspected the plots of the HMM clustering at each timepoint 

to check that group identity (i.e., group 1 vs. group 2) was consistent.  

K-Means Clustering 

To check the HMM clustering approach, we implemented a K-Means algorithm 

(Hartigan & Wong, 1979) in R (Computing., 2020). K-Means clustering is a commonly 

implemented unsupervised machine learning method that partitions high-dimensional 

data (i.e., more than one variable) into distinct clusters. We used the ROI-based data 

described in Study 2 for this clustering approach (proportion of fixations to uninterested, 

interested, and neutral audience members). We examined three commonly implemented 

algorithms to check the number of clusters that fit the data best: the average silhouette 

method (how well each object lies in its cluster), the wide-sense stationarity (how stable 

the clustering appears to be at a certain group size), and the gap statistic (the clustering 

that creates the largest difference between groups) to determine the optimal number of 

groups. 

Predictors of pre-treatment attentional group as predictor of treatment outcomes  

The second aim of this study was to test whether HMM group membership would 

differentially predict intervention outcomes. We used brms (Bürkner, 2018) in R to fit 

Bayesian multilevel models examining the main effects and interaction between HMM 

group and time. Based on the small sample size, it would have been unreasonable to test 

the 3-way interaction between HMM group, intervention group, and assessment (pre, 
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post, and follow-up). However, we included the intervention group as a covariate in our 

analyses. As these analyses were highly exploratory, we included only uninformative 

priors (centered on zero). Data and syntax are available at https://osf.io/48nrx/ 

RESULTS 

HMM Groups 

 The clustering algorithm indicated that a 7 ROI model fit best for the two-group 

solution and all two-group solutions fit better than the 1 group model at pre-treatment, 

post-treatment, and one-week follow-up. While it is not uncommon for increasingly 

complex HMM models to provide evidence of better fit with greater complexity (i.e. 

more ROIs) the regions remained highly interpretable based on the complexity of the 

360º-video stimulus.  

For the two group, seven ROI model (Figure 11 below) we then tested that the 

groups were distinct by comparing the mean log likelihoods for each individual in terms 

of model fit for each group. We found meaningful differences in log likelihood for group 

1 b = -1.09 (95% highest posterior density interval (HDI) [-1.66, -0.47], Bayes Factor 

(BF) = 45 and group 2 b = 0.87, 95% HDI [0.36, 1.39], Bayes Factor (BF) = 20, 

indicating that the clustering algorithm generated separation between individuals for each 

group. We conceptualized group 1 as reflecting a “centralized” bias, whereas group 2 

reflected a “diffuse” bias. This could indicate avoidance and hypervigilance, respectively. 

However, the lack of a non-anxious control group does limit this conclusion. 



 76 

 

Figure 11.  We plotted the Hidden Markov Groups with each Region of Interest (ROI) 
from the pre-treatment public speaking challenge. The top panels show the 
ROIs overlaid on a still from the 360º-video. The bottom panels show the 
ROIs with the fixations (colored dots belong to the respective ROI). 

For the post-treatment BAT (Figure 12, below), we found a somewhat similar 

pattern with Group 1 reflecting avoidance and Group 2 reflecting hypervigilance. We 

found meaningful differences in log likelihood for group 1 b = - 1.80, 95% HDI [-2.29, -

1.87], BF > 1,000 and group 2 b = 0.95, 95% HDI [0.18, 1.68], BF = 8.32, indicating that 

the clustering algorithm generated separation between individuals for each group. 

However, the concentration of ROIs in Group 1 was not as dense as pre-treatment.  All 

participants that were in the augmented intervention group and HMM group 1, switched 

to HMM group 2 at post-treatment (3/3), whereas all three participants in the standard 

exposure group that were in HMM group 1 pre-treatment were in HMM group 1 at post-

Group 1 (n = 6) Group 2 (n = 15)
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treatment as well (3/3). At post-treatment 7/10 participants from the attention guidance 

condition were in group 2 and 8/8 participants in the standard intervention condition were 

in group 1. These results are suggestive that there could be something different happening 

in the different treatment conditions regarding attention during a public speaking 

challenge.  

For the one-week follow-up BAT (Figure 12, below), it appeared that the groups 

continued to show evidence of similar patterns of attention. Notably, the concentration of 

ROIs in group 1 did not appear to be as tightly centered as pre-treatment or post-

treatment. Moreover, we found meaningful differences in LLs for group 2 b = - 1.44, 

95% HDI [-2.17, -0.63], BF = 47, but not group 1 b = 0.67, 95% HDI [-0.08, 1.43], BF = 

1.87. This indicates that the co-clustering algorithm was able to reliably classify 

individuals into group 2, but not group 1. Compared to pre-treatment, 7/9 participants in 

the attention guidance condition were in group 2, whereas only 2/7 participants in the 

standard exposure condition were in group 2. These findings provide further support of 

an influence of the intervention on patterns of attention, although by the one-week 

follow-up this effect may have diffused somewhat, as the clustering was no longer fully 

distinct for group 2. However, it is also notable that group 2 consisted of mostly 

individuals from the attention augmentation group at post-treatment and follow-up. 
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Figure 12.  The Hidden Markov Groups with each Region of Interest (ROI) identified 
by the models overlaid on a still frame from the 360º-video for both groups 
at post-treatment and the one-week follow-up. The Group Number does not 
have any meaning – each time the HMM was fit it arbitrarily assigns a 
group. Panels A and D reflect the “avoidance” group, while panels B and C 
reflect the “hypervigilance” group. 

K-Means Clustering 

 At pre-treatment the silhouette algorithm converged on two groups, whereas the 

wide-sense stationarity and gap statistic algorithms appeared to favor three groups. For 

parsimony with the HMM analyses and because of the small sample size we chose to use 

K-Means computed on two groups. At pre-treatment the two K-Means groups were 

A. Post-treatment Group 1 (n = 11) B. Post-treatment Group 2 (n = 7)

C. 1-week Follow-up Group 1 (n = 7) D. 1-week Follow-up Group 2 (n = 9)
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nearly identical to the HMM groups, the only difference was that one participant in 

HMM group 2 was in K-Means group 1.  

 At post-treatment all three solutions for the K-Means algorithms converged on a 

two-group solution. The K-Means clustering was similar to the HMM clustering, but 

actually distinguished between the intervention groups more clearly: 9/10 participants in 

the attention augmentation group and 8/8 participants in the standard exposure group. 

 At the one-week follow-up the majority of the algorithms preferred a one-group 

solution; again we chose the two-group solution for parsimony with the HMM clustering 

in order to evaluate the similarity in approaches. The K-Means clustering appeared highly 

similar to the HMM clustering 7/9 participants in one cluster were in the attention 

guidance condition (although which 2 participants differed between approaches), with 7/7 

of the participants in the standard exposure condition in the other cluster.  

 Taken together these results support the HMM clusters, although one important 

difference emerged: at pre-treatment and one-week follow-up a three-group solution fit 

best for the majority of the algorithms tested. This suggests that there may be a third 

distinct attentional style among individuals with social anxiety. Although it was possible 

that a three-group HMM would have fit better, with small samples the cluster size may 

have been so small as to make data interpretation relatively meaningless. Future research 

with larger samples is needed to explore a potential third attentional style.  
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Transition Probabilities Between Groups 

Comparisons for the transition probabilities within regions indicated that there 

were meaningful differences between groups pre-treatment b = -0.10, 95% HDI [-0.18, -

0.01], BF = 3.67 and that these differences were maintained at post-treatment -0.14, 95% 

HDI [-0.24, -0.06], BF = 125.92 and the one-week follow-up b = -0.15, 95% HDI [-0.22, 

-0.07], BF = 68.49. Group 1 consistently had a lower probability that the next fixation 

would remain on a specific region. However, there was no evidence to support a 

difference in terms of the probability of transitioning between regions at pre-treatment b 

= 0.08, 95% HDI [-0.12, 0.30], BF = 1.09, post-treatment b = 0.06, 95% HDI [-0.17, 

0.27], BF = 0.97, or the one-week follow-up b = -0.05, 95% HDI [-0.29, 0.17], BF = 

0.99. These results could suggest that some of the attentional heterogeneity in social 

anxiety may be related to differential attentional control, but not flexibility. Given that 

most individuals in group 2 were in the attention guidance condition post-treatment and 

at follow-up, one possible conclusion is that the attention guidance condition served to 

strengthen attentional control.  

There were no meaningful differences when comparing the transition probabilities 

between regions across groups at pre-treatment b = 0.08, 95% HDI [-0.12, 0.30], BF = 

1.04, post-treatment b = 0.06, 95% HDI [-0.17, 0.27], BF = 0.97 or one-week follow-up b 

= -0.05, 95% HDI [-0.29, 0.17], BF = 0.99. There was also no evidence to support 

changes in either group following the intervention with the exception of changes in group 

2 from pre-treatment to one-week follow-up, which had anecdotal evidence in favor of an 

increase b = -0.20, 95% HDI [-0.52, 0.11], BF = 1.75.  
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Prediction of Treatment Outcomes Based on HMM Group 

Means and standard deviations for the primary and secondary outcomes by HMM 

group at each assessment are presented in Table 5 and also depicted in Figure 13 below.  

We did not find evidence of a main effect of HMM group (hypervigilant vs. 

avoidant) on fear of public speaking b = -3.28, 95% HDI [-11.36, 5.05], Bayes BF = 1.14 

or general symptoms of social anxiety b = -0.47, 95% HDI [-9.12, 8.10], BF = 0.87.  

We found a difference between HMM groups at post-treatment for fear of public 

speaking b = -8.54 (95% HDI -16.00, -0.90), BF = 8.31, but not at one-week follow-up b 

= -5.83, 95% HDI [-13.25, 1.81], BF = 2.28.  We did not find meaningful differences for 

general social anxiety symptoms between HMM groups at post-treatment b = -2.55, 95% 

HDI [-10.93, 5.94], BF = 1.04 or one-week follow-up b = -6.97, 95% HDI [-15.50, 1.74], 

BF = 3.07. It is worth noting that despite the HDI’s crossing zero, the BFs for both 

outcome variables were anecdotally in favor of a difference at the one-week follow-up. 

 

Table 5. Social Anxiety Symptoms between Markov groups (pre-treatment) 
  HMM Group 1 (Central) HMM Group 2 (Diffuse) 
Audience Members M SD M SD 
PRPSA Baseline 140.17 17.43 139.73 15.03 
 Post-Treatment  133.83 20.74 115.75 17.4 
 Follow-up  132 18.46 120.83 17.11 
LSAS Baseline 72.83 24.22 79.2 23.75 
 Post-Treatment  65.67 25.85 65.08 23.26 
 Follow-up  62.5 23.57 50.5 22.71 

Note.  PRPSA = Personal Report of Public Speaking Apprehension; LSAS = 
Leibowitz Social Anxiety Scale; SATI = Speech Anxiety Thoughts 
Inventory 
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Figure 13.  This figure depicts the relationship between the pre-treatment HMM groups 
on (A) the primary outcome (fear of public speaking) and (B) the secondary 
outcome (general social anxiety symptoms). Solid lines reflect the median 
effect for each intervention group. We included 100 draws of the posterior 
distribution for each group, which are lightly shaded. There was evidence to 
support differences at posttreatment in PRPSA, but not in LSAS. At the 
follow-up assessment there was weak evidence supporting a difference for 
both measures. Note. PRPSA = Personal Report of Public Speaking 
Apprehension; LSAS = Leibowitz Social Anxiety Scale. 

DISCUSSION 

 Study 3 first tested whether there were distinct attentional styles among 

individuals with social anxiety disorder while giving a speech. We identified two distinct 

groups at pre-treatment, one showing evidence of a more central pattern of fixations the 

other a more diffuse distribution of fixations, which we interpreted as “avoidant” and 

“vigilant” respectively. While the groups remained somewhat distinct at post-treatment, 

by the one-week follow-up there was ambiguity regarding whether the more central 

pattern truly represented a discrete attentional process as it had started to diffuse 
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somewhat. Based on these changes as well as changes in group membership it is 

plausible that the intervention influenced patterns of attention during public speaking. In 

future research it would also be worthwhile to compare a group with social anxiety 

disorder to a low anxiety group to ensure that the groupings identified in the current study 

reflect heterogeneity in attention related to anxiety, rather than general attentional styles. 

It may also be worthwhile to evaluate whether there is a third attentional style within 

social anxiety disorder. It was notable that the K-Means algorithms preferred a three-

cluster solution at pre-treatment but not at post-treatment or the one-week follow-up. 

However, in the current study the small sample size made testing a third cluster 

problematic as the group sizes were likely to be prohibitively small for drawing any 

conclusions.  

In general, the K-Means approach provided validation of the HMM clustering. 

There are several important advantages to HMMs. First, HMMS are much more flexible; 

for instance, it is straightforward to fit HMMs for multiple observations across different 

stimulus types, whereas traditional clustering requires that all stimuli contain the same 

pre-defined regions. It so happened that the current context worked well for both 

approaches, but there are many instances where this would not be the case. Second, 

HMMs provided information on the transition probabilities for the regions for each 

group. It would be possible to obtain this information post-hoc, but again only given 

identical regions of interest across stimuli.  

 Regarding our second aim, we tested whether the distinct attentional styles 

identified at pre-treatment by the HMM clustering differentially predicted treatment 
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outcomes. We found that the individuals in the “hypervigilant” group experienced a 

meaningful reduction in symptoms following the intervention, compared with the 

“avoidant” group. This is especially significant considering that there was weak evidence 

against the effect of the augmented intervention group in study 2. Yet, the attention 

guidance augmentation did have a strong impact on the target mechanism – attentional 

avoidance. The distinct clusters pre-treatment were potentially indicative of different 

attentional biases and there is some evidence to suggest that pre-treatment biases can 

moderate empirically supported behavioral treatments for social anxiety (Niles et al., 

2013). However, we were also interested in considering whether other attentional 

mechanisms played a role by evaluating attention in a more process oriented, fixation-by-

fixation way. We probed this possibility by evaluating the transition probabilities in each 

group which reflected the likelihoods of sequential fixations to different data-identified 

regions during the public speaking challenge. Findings from these analyses suggested that 

in addition to general biases being identified by the clustering, there was also a difference 

in stability between fixations – which we conceptualized as attentional control. The 

discrete differences may help explain the influence of the intervention on symptoms of 

social anxiety – pre-treatment attentional control may play a role in responsivity to 

VRET. Individuals in both intervention conditions were in group 2 (greater attentional 

control) pre-treatment, which could explain these results. There were substantial shifts in 

group membership following the intervention – however, it may be that there is a 

substantial lag between changes in attention and changes in symptoms following 

treatment. A qualitative examination of the change in fear of public speaking and 
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symptoms of social anxiety over the assessment periods for each HMM group within 

each intervention group, suggested that this is a reasonable conclusion to draw – 

however, our small sample prohibited testing this quantitively. 

 Differences in the data-driven clustering for the prediction of treatment outcome, 

highlights the importance of considering different interrelated attentional processes rather 

than attention bias exclusively. Moreover, the naturalistic framework in which these 

results were generated offers an important opportunity to understand the clinical 

implications for attentional processes from a different perspective. Taken together our 

findings highlight the utility of HMMs for exploring eye movements during VRET. This 

data-driven approach provided useful explanations for some of the results in study 2 and 

offered direction for future research, in particular pertaining to consideration around 

personalizing VRET for social anxiety based on pre-treatment attentional profiles. 
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General Discussion 

 In study 1 we identified an association between social anxiety and attentional 

avoidance of uninterested audience. The findings from this study contributed to a small 

body of research suggesting that attentional avoidance during social challenges (like 

public speaking) might be directly implicated in the development or maintenance of 

social anxiety. In study 2 we directly tested attentional avoidance as a potential causal 

mechanism implicated in social anxiety by augmenting virtual reality exposure therapy 

(VRET) social anxiety with an attention guidance component integrated into the exposure 

itself. To date, there has been a growing body of research that has supporting computer-

based attention modification as a stand-alone intervention or augmentation for cognitive-

behavior therapy. However, incorporating the attentional component directly into the 

treatment provided a unique test of the role of attention in social anxiety.  

VRET was generally effective at reducing symptoms of social anxiety, in line 

with previous research suggesting that VRET is as effective as in-person exposure 

therapy (Chesham et al., 2018). This was the first study to evaluate a brief two-session 

VRET protocol and the findings suggest that it would be worthwhile to further test the 

efficacy for briefer VRET, which is straightforward to conduct and requires fewer 

resources than public speaking exposures using a live audience. One important future 

avenue for VRET is to test whether it is possible to conduct treatment that is entirely self-

guided or at least completed remotely (perhaps with the therapist present via 
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teleconferencing). The potential for more widespread accessibility to exposure-based 

treatments in an important consideration for technology-based interventions.  

There was evidence of the potential target mechanism identified in study 1 being 

engaged during the attention guidance augmentation: attention was allocated nearly two-

times more to the uninterested (socially threatening) audience members among those in 

the attention guidance condition post-treatment. Similarly, in study 3 there was also 

evidence of attentional changes that were most prevalent in the attention guidance 

condition. Unlike in study 2, where we tested specific attentional hypotheses, the HMMs 

provided data-driven evidence of biases in attentional distribution as well as differences 

in attentional control. It is interesting that by the one-week follow-up there was no 

evidence from either study 2 or 3 that there were robust differences in how attention to 

audience members was distributed – this could suggest that following treatment gains, 

attentional processes shifted in general. This raises questions about the persistence of 

attentional biases post-treatment in general and highlights the relevance of comparisons 

with non-clinical samples. 

Importantly, our exploratory analyses from study 2 also showed that there was 

greater attention allocated to neutral audience members post-treatment among those in 

the attention guidance condition. Notably, we did not find meaningful differences 

between intervention conditions for the interested audience members, despite the fact that 

in the attention guidance condition participants were asked to focus on one audience 

member face for each speech and all audience member behaviors were equally 

represented. One way to interpret this pattern of findings is that there is specific 
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attenuation of attentional avoidance to social threat (individuals with social anxiety often 

appraise neutral expressions as more threatening than non-anxious individuals (Peschard 

& Philippot, 2017). Interestingly, the results of the transition probability analyses from 

study 3 suggested that one process underpinning differences in gaze behavior among 

individuals with social anxiety disorder could be attentional control. While there were 

gains in the attention guidance group compared with the standard exposure group, the 

efficacy of the attention guidance intervention on changes in attention control were only 

anecdotally supported by the evidence. Taken together our results suggest that it is 

possible to target both biased attention (avoidance) as well as attentional control with 

attention guidance. Given the relatively small effective of the intervention on attention 

control compared with attentional avoidance, it may be worthwhile to consider 

modifications to the attention guidance component that engages attentional control (e.g., 

switching between two audience members during some of the exposure trials).  

There are also clinical implications relating to the possibility that the attention 

guidance augmentation led to changes in biased attention as well as attentional control. 

One of the most challenging findings to explain in the ABM literature has been the equal 

efficacy of attention control tasks, compared with attention bias modification tasks 

(Mogg & Bradley, 2016). While it would be possible to have participants do both ABM 

and attention control training, in task-based contexts it is possible that the effects of one 

could dilute the other. Yet, we showed that in a naturalistic exposure-based context (360º-

video VRET), it is possible to engage both processes simultaneously. This highlights one 

of the insights generated by the approach taken across the dissertation studies: attention is 
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a complex and interconnected system and in the real-world we need to engage multiple 

components of attention to function. Given the difference between pre-treatment HMM 

groups in the prediction of intervention outcomes, it seems plausible that attention control 

plays a role in the efficacy of VRET. One interpretation for our lack of results regarding a 

direct effect of the attention guidance augmentation could be that there were enough 

participants in the standard exposure group with relatively strong attentional control, such 

that the group differences were washed out – especially considering the small sample 

size. In future research it may be worthwhile to directly test whether individuals with 

social anxiety disorder and lower attentional control would benefit more from an 

attention guidance augmentation. While previous work has shown that ABM can enhance 

attention control (Heeren, Mogoaşe, et al., 2015), to the best of our knowledge no prior 

work has evaluated attention control pre-treatment as a predictor, although it is frequently 

implicated as an important attentional mechanism (Ollendick et al., 2019). 

Further exploration of correspondences in attentional changes across modalities 

(e.g. naturalistic gaze and computerized) as well as analytic methods has the potential to 

greatly enrich our understanding of the role of attention in social anxiety. Such analyses 

might also provide more specific, perhaps even person-level, insights into how attention 

augmentations might be most helpful. In the current study we used a relatively global 

approach that was not tailored to individuals. Moreover, it relied on the therapist to 

provide feedback after each exposure trial (using an analysis of the eye-tracking data that 

was output at the end of each exposure trial) regarding the participants ability to 

continually fixate on the targets face. It would also be worthwhile to consider whether an 
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automated system could provide even more active ‘online’ feedback. For instance, if a 

participant makes more than 2 fixations off target, the system could provide visual and/or 

auditory feedback that the participant should re-orient to the target. In the current study 

the target was always the audience member face, but there may also be other contexts and 

social behaviors that might benefit from attentional guidance. It could also be the case 

that teaching more flexible and realistic eye movement behaviors would be possible with 

a fully automated system. Yet it is also worth considering whether this kind of feedback 

would be distracting and actually reduce the efficacy of the intervention.  

 During the psychoeducation, intervention, and post-treatment debriefing the 

therapist emphasized to participants that the attention guidance component was not meant 

to reflect the “right way” to distribute gaze during public speaking. Instead, the 

intervention highlighted the importance of addressing avoidance head-on as an evidence-

based way to reduce anxiety in social contexts. This can be conceptualized perhaps as an 

attentional version of antagonistic actions, which have been shown to enhance exposure 

therapy (Wolitzky & Telch, 2009).   Perhaps it would be possible to train a fully 

‘naturalistic’ attentional pattern that reflects someone with no fear of public speaking. It 

is not clear that such a pattern exists, but this may be an area for future investigation. In 

modifications to this VRET protocol it would be worthwhile to consider whether there 

may be a more adaptive approach to take with regards to the targets of the attention 

guidance. Again, this suggests an area where a more automated method incorporated 

directly into the VR display has the potential to be useful.  

Despite the general efficacy of VRET and clear changes in attentional processes 
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related to the attention guidance augmentation, there was no support for the direct effect 

of the attention guidance augmentation on symptoms of social anxiety. There was weak 

evidence of an indirect effect of change in gaze to uninterested audience members, 

however, the estimates were highly biased making it difficult to determine whether the 

size of the effect is likely to be meaningful. The Bayesian methods used highlighted that 

while the results were limited in regard to the conclusions we could draw, there was also 

no strong support for the null hypotheses. Given the small sample size of the pilot study, 

the results indicated that a larger clinical trial is needed to make a more robust appraisal 

of whether the attention guidance augmentation enhances clinical outcomes and whether 

there is a meaningful causal influence of change in gaze behavior on symptoms of social 

anxiety. The sample size in studies 2 and 3 was limited due to the stopping of research 

following COVID-19. Given how few participants there were, Bayesian methods 

provided not only a way to incorporate prior research and beliefs about the intervention 

into the model, but also to test the influence of priors on the results. While best practices 

in the context of open science do often include pre-registration of analyses and sample 

size, there are many cases where collecting enough data is not initially feasible. Careful 

use of priors in Bayesian analysis may help offset some of the shortcomings of small 

samples in pilot research and can facilitate open science and experimental rigor in the 

field.  

DIRECTIONS FOR FUTURE RESEARCH 

 It is warranted to continue to investigate the role of attention in social anxiety 
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disorder. The findings from the studies in this dissertation suggest that not only does gaze 

play a role but that there is a great deal of complexity in how gaze is influential. The most 

straightforward step would be to conduct a clinical trial with a larger sample size. This 

would facilitate testing of important questions regarding more complex mediation as well 

as potential moderators. It would also be worthwhile to consider the relationship between 

attention measured here with both computer-based paradigms (like the dot-probe) as well 

as real-world eye tracking. 360º-video is a useful intermediary context – both highly 

realistic and highly controlled – but ultimately it is neither completely real, nor 

completely controlled. Findings from the current studies can be extended fruitfully in 

both directions to provide further insights into the role of attention in social anxiety. 

 Further evaluation of attentional mechanisms related to other clinical concerns is 

another important way to extend the research approaches taken in this dissertation. One 

direction is further investigate attentional mechanism implicated in the treatment efficacy 

of attention bias modification. Both active and control tasks regularly lead to meaningful 

clinical change in symptoms across a range of disorders. Why this is the case remains 

somewhat unclear. Our findings from study 3 highlight that data-driven methods for 

assessing eye movements can provide fruitful insights that are also clinically meaningful. 

Centering interventions around attentional change also lends itself to automated, 

computerized, or self-guided interventions. Indeed, we are currently investigating a self-

guided ‘export’ of study 2. Specifically, participants are completing self-guided 

exposures using pre-recorded teleconferencing calls that are meant to be interactive – the 

participant is asked to join in the conversation by answering a question. Critically, we are 
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able to record both eye movements and audio, meaning that we can ensure that 

participants are truly engaged with the intervention, which addresses an important 

concern about the limitations of internet-based interventions. Recent technological 

developments make it increasingly feasible to assess engagement in a highly thorough 

way (although the quantity of data generated becomes correspondingly large). The cost to 

participants and researchers for online and self-guided studies is lower and while the 

treatment may be less effective, it still provides the potential for greater access to care for 

those who might not otherwise receive it. 

 The final consideration for future research is personalizing treatment approaches. 

Study 3 took a highly data-driven approach to characterizing gaze behaviors. In spite of 

our predictions, it was somewhat startling to find evidence of pre-treatment attentional 

style predicting intervention outcomes given the small sample size. Incorporating new 

methods to identify and test heterogeneity in attentional styles and their relation to 

clinical outcomes may be one cost-effective way to enhance the efficacy of interventions, 

whether they are therapist-led, self-guided and/or computerized.  

CONCLUSIONS 

This dissertation provides insights into the role of attention in social anxiety by 

using 360º-video displayed in a virtual reality headset and eye tracking. Our findings 

highlight the utility of a step-by-step approach first identifying (study 1) and then 

modifying (study 2) a specific attentional mechanism (avoidance) during public speaking. 

Whether these modifications represent a causal mechanism maintaining social anxiety 
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will require further research as our evidence was weak and biased. However, we found 

that pre-treatment attentional ‘styles’ identified using a data-driven machine approach 

(study 3) did predict treatment outcomes. This surprising result does provide clear 

confirmation of models of social anxiety implicating attentional processes as a factor 

maintaining the disorder. Yet, further research is needed to elucidate the robustness of the 

finding as well as how to best leverage them to enhance treatment outcomes. There are 

many paths down which this work can be fruitfully extended and each may be 

informative in its own right. 
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