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A B S T R A C T

Background: Social Anxiety Disorder (SAD) is a prevalent and impairing condition that is often underdiagnosed and undertreated, leading to chronic symptoms and 
comorbidities. Identifying objective behavioral markers is critical for improving early detection. Aberrant visual attention such as gaze avoidance and hyperscanning 
have been proposed as key mechanisms underlying SAD, yet findings from traditional eye-tracking studies using static or limited social stimuli remain inconsistent. 
Virtual Reality (VR) combined with integrated eye-tracking offers an ecologically valid approach to studying visual attention within realistic, socially evaluative 
contexts.
Objective: This study examined visual attention patterns in individuals with SAD using an immersive VR paradigm with integrated eye-tracking designed to simulate 
naturalistic socio-evaluative situations.
Methods: Thirty individuals with SAD and thirty matched healthy controls (HCG) completed three 360◦ VR tasks: a job interview, an unstructured social interaction, 
and a presentation. Eye-tracking data were analyzed across predefined areas of interest (AOI) using temporal and spatial metrics.
Results: Individuals with SAD showed reduced fixation duration on faces and increased fixation duration on the environment compared with HCG. In the job 
interview task, significant group differences were found for the face AOI (p = .048) and environment AOI (p = .022). In the unstructured social interaction task, 
individuals with SAD again spent less time fixating on faces (p = .006) and more on the environment (p < .001). No group differences were observed in the pre
sentation task. Individuals with SAD also demonstrated greater mean distance between fixations, indicative of hyperscanning across all tasks.
Conclusions: VR-based eye-tracking can capture distinct visual attention patterns in SAD, supporting its ecological validity and diagnostic potential as an objective 
tool for early detection and digital mental-health assessment method.

1. Background

Social Anxiety Disorder (SAD) is characterized by a persistent and 
excessive fear of being scrutinized, rejected, or humiliated in social and 
performance situations (Association, 2013). It is a common condition 
with a lifetime prevalence estimated at 12.1 % (Kessler et al., 2005). 
Worldwide, anxiety disorders are both prevalent and costly, affecting 
approximately four percent of the global population and is associated 
with about twofold higher healthcare costs compared to controls (Javaid 
et al., 2023; Konnopka & König, 2020). SAD is also highly comorbid, 
with around 80 % of individuals experiencing additional psychiatric 
disorders, which typically develop after the onset of SAD (Fehm et al., 

2005; Lépine & Pélissolo, 2000; Wittchen & Fehm, 2003). Compared to 
other psychiatric disorders, SAD has one of the earliest age of onset, 
approximately 14.5 years, surpassed only by neurodevelopmental dis
orders (Kessler et al., 2005; Solmi et al., 2022). Despite its prevalence 
and impact, SAD is associated with undertreatment, delay in treatment 
initiation, poor treatment response, and high tendency to discontinua
tion of treatment. An inverse relationship between severity of SAD and 
seeking treatment appears to exist (Ruscio et al., 2008) in which in
dividuals with the most severe SAD symptoms are less likely to receive 
treatment, significantly affecting their overall functioning and quality of 
life. The high comorbidity rate also contributes to the under-recognition 
of SAD by clinicians, as treatment of SAD is often initiated only after the 
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onset of comorbid disorders, leading to substantial delay between 
symptom onset and treatment initiation (Zimmerman & Chelminski, 
2003). Given these factors, SAD may serve both as a predisposition and a 
risk factor for development of other psychiatric disorders, highlighting a 
critical need for improved early detection methods.

A growing body of research is focusing on identifying behavioral 
markers of SAD, particularly through investigation of visual attention as 
a means of improving early detection. Consistent with cognitive models 
of the disorder, SAD has been linked to aberrant visual attention patterns 
(Schulze et al., 2013). These models propose that individuals with SAD 
engage in subtle avoidant behavior in situations where complete 
avoidance of the situation is not possible. Such avoidance is often 
expressed through reduced attention to social cues, such as avoiding eye 
contact or looking away from faces (Clark et al., 1995; Leigh & Clark, 
2018). At the same time, individuals with SAD may also exhibit atten
tional bias and hypervigilant behavior to perceived social threat, such as 
scanning others ‘facial expressions for signs of disapproval (Rapee & 
Heimberg, 1997). Building on these models, the vigilance-avoidance 
hypothesis suggests that individuals with SAD initially display a rapid 
orientation to perceived threatening stimuli but subsequently avoid 
them (Bögels & Mansell, 2004). More recently, the concept of hyper
scanning has emerged, describing a distinct attentional pattern in SAD, 
characterized by an excessive monitoring of the environment for signs of 
negative social evaluation (Chen & Clarke, 2017; Chen et al., 2015; Toh 
et al., 2011). Together, these attentional patterns are thought to function 
as short term anxiety regulation strategies but ultimately contribute to 
the persistence of SAD symptoms (Clark & Wells, 1995).

Building on these proposed mechanisms, eye-tracking technology 
provides an objective and continuous method to quantify such atten
tional biases (Holmqvist & Andersson, 2017). Within this framework, 
avoidance can be reflected in reduced visual engagement with socially 
relevant stimuli (e.g., shorter fixation duration and fewer fixations on 
faces), whereas hyperscanning may manifest as broader and more 
dispersed visual exploration patterns. Vigilance–avoidance processes 
may be captured through early orienting and disengagement indices. 
Mapping these theoretically derived processes onto specific gaze metrics 
allows for a more direct test of cognitive models of SAD in ecologically 
valid contexts. While some previous studies have reported reduced fix
ations on faces, reflecting avoidance of socially threatening cues, find
ings are mixed, particularly for hyperscanning and vigilance-avoidance 
patterns. Such mixed findings likely reflect methodological variations 
across paradigms (Chen & Clarke, 2017; Chen et al., 2020). Most 
eye-tracking studies use passive viewing of static emotional faces (e.g., 
face-viewing, dot-probe task) which may not activate the core fear of 
negative evaluation (Günther et al., 2021). More naturalistic paradigms, 
in contrast, often rely on one single type of scenario, most commonly a 
public-speaking task. However, cognitive models of SAD conceptualize 
the disorder as context sensitive, with attentional processes shaped by 
perceived social evaluation, ambiguity, and situational threat (Clark 
et al., 1995; Rapee & Heimberg, 1997). As a result, it remains unclear 
whether visual attention patterns vary systematically across social 
contexts differing in evaluative demands, or whether attentional biases 
in SAD represent a stable pattern across different social situations. This 
underscores the need for ecologically valid designs that examines visual 
attention across multiple social scenarios.

Virtual Reality (VR) offers a promising solution by presenting real
istic, socially evaluative contexts while maintaining experimental con
trol (Freeman et al., 2017; Geraets et al., 2022). Although, VR is widely 
used in intervention studies (Zeka et al., 2024) its potential in assess
ment and screening of psychiatric disorders, including SAD, remains 
relatively underexplored (Geraets et al., 2022) particularly the combi
nation of VR and eye-tracking technology. Combining VR with inte
grated eye-tracking allows researchers to examine visual attention 
dynamically within immersive, lifelike social situations, addressing the 
gap between traditional lab-based paradigms and real-world social 
behavior.

To date, only a limited number of studies have integrated VR and eye 
tracking to investigate visual attention in SAD (Dechant et al., 2017; Kim 
et al., 2018; Reichenberger et al., 2020; Rubin et al., 2020), highlighting 
the need to further explore the potential of this approach for assessment 
of SAD. The present study contributes to this emerging literature by 
examining whether VR-based eye-tracking can identify avoidance and 
hyperscanning patterns in individuals with SAD across multiple 
socio-evaluative contexts. To move beyond the common single-scenario 
focus in the literature, the present study deliberately incorporated three 
VR-based social scenarios, a job interview, social interaction, and public 
speaking task, selected to represent distinct forms of socio-evaluative 
threat. These scenarios were chosen to reflect variation in evaluative 
intensity, ambiguity, and performance demands, thereby enabling a 
theoretically grounded examination of whether visual attention patterns 
in SAD remain stable across contexts or vary as a function of situational 
demands. Identifying objective patterns of visual attention may 
contribute to the development of scalable, digital assessment ap
proaches for SAD by providing complementary, behavior-based infor
mation that complement self-report and clinician-administered 
measures.

2. Objectives and hypotheses

The primary objective of the present study was to characterize dif
ferences in visual attention patterns between individuals with SAD and 
healthy control participants (HCG) using VR-based eye-tracking across 
three, ecologically valid VR tasks that varying in evaluative demand:

Task A (a job interview),
Task B (an unstructured social interaction) and,
Task C (a presentation).
Secondary aims included testing predictions derived from hyper

scanning and vigilance–avoidance models, examining task-specific 
attentional effects, and evaluating the ecological validity of a multi- 
scenario VR paradigm for the assessment of SAD.

We formulated the following a priori hypotheses:
Compared with healthy controls (HCG), participants with SAD will 

exhibit avoidant visual attention toward social cues, reflected in shorter 
fixation duration, fewer number of fixations, and shorter mean fixation 
duration on faces and bodies across tasks.

SAD participants will demonstrate a hyperscanning pattern, indi
cated by increased total scanpath length and greater mean distance 
between fixations across tasks.

Consistent with the vigilance-avoidance model, SAD participants 
will orient more quickly (shorter time to first fixation) but disengage 
sooner (shorter first fixation duration) from social cues than HCG 
participants.

Task effects are anticipated, with both groups showing stronger 
avoidance and hyperscanning in the high-evaluation condition (Task C) 
relative to Tasks A and B.

3. Methods

3.1. Design, setting, and participants

This study used a cross-sectional design, with participants with SAD 
matched to HCG on age, gender, and country income level. The required 
sample size was determined a priori based on the primary outcome 
(fixation duration), as described in the published study protocol (Zeka 
et al., 2023). Sixty-three participants were initially recruited. Three 
participants from the HCG were excluded; one was diagnosed with SAD 
during the study, one lacked a suitable country income level match, and 
one had high social anxiety levels based on Liebowitz Social Anxiety 
Scale (LSAS). This resulted in a final sample of sixty participants, with 
thirty in each group. All participants were screened using Mini Inter
national Neuropsychiatric Interview (MINI) (Lecrubier et al., 1997). 
Participants who met the criteria for a primary diagnosis of SAD were 
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included in the study. Individuals with severe psychopathology, 
including neurodevelopmental disorders (e.g., autism spectrum disor
der), psychotic disorders, bipolar disorder, or substance dependence, 
were excluded from participation. See Table 1 for sample characteristics. 
Data quality was evaluated using the predefined validity criteria 
implemented in iMotions prior to data export. Participants were 
excluded if more than 80% of their gaze data was missing or invalid, as 
flagged by the iMotions software. Although specific causes for the data 
loss were not recorded, it likely resulted from a combination of common 
issues in VR-based eye tracking, including calibration problems, exces
sive head movement, blinking, or headset misalignment. Due to missing 
eye-tracking data, two HCG participants and one SAD participant were 
excluded from Task A, and one participant from each group was 
excluded from Task B and Task C. Exclusion rates were low and com
parable between groups across tasks. Analyses were conducted on an 
available-case basis, with each task analyzed using all participants with 
valid eye-tracking data for that task.

3.2. Clinical and self-report measures

All clinical measures were administered by a trained psychologist. 
LSAS was used to measure symptom severity of social anxiety across 24 
situations. LSAS is divided into two subscales; performance anxiety and 
social situations; rating both anxiety and avoidance behavior. Each sit
uation was rated twice, once for anxiety (0 = none, 1 = mild, 2 =
moderate, 3 = severe) and once for avoidance (0 = never, 1 = occa
sionally, 2 = often, 3 = usually). Example items include “Speaking in 
front of an audience,” “Meeting new people,” and “Eating in front of 
other people.” (Heimberg et al., 1999). Internal consistency in the 

present sample was excellent (Cronbach's α = .97 for the anxiety sub
scale; α = .96 for the avoidance subscale; α = .98 for the total score; 95% 
CIs: [.96, .98], [.94, .97], and [.98, .99], respectively).The Brief Fear of 
Negative Evaluation Scale (BFNE), a 12-item scale, was used to measure 
fear of being subject to negative evaluation (e.g., “I worry about what 
other people think of me”). Participants rated each item on a 5-point 
Likert scale ranging from 1 (not at all characteristics of me) to 5 
(extremely characteristic of me). Items 2, 4, 7, and 10 were reverse 
scored (Leary, 1983). Internal consistency in the present sample was 
excellent (Cronbach's α = .96, 95% CI [.95, .98]). The Personal and 
Social Performance Scale (PSP), a clinician rating scale, measures 
functioning across four domains; socially useful activities, personal and 
social relationships, self-care, and disturbing and aggressive behaviors 
(Nasrallah et al., 2008). The PSP was used to assess overall social and 
occupational functioning. The scale has a total score ranging from 1 to 
100, with higher scores indicating better functioning. As the PSP rep
resents a global clinician-rated composite rather than a multi-item 
self-report scale, internal consistency (Cronbach's α) was not appli
cable. The sense of presence during the virtual-reality tasks was assessed 
with 10 items from the Multimodal Presence Scale (MPS) developed and 
validated by Makransky et al. (Makransky et al., 2017), measuring 
physical, social, and self-presence (e.g., “The virtual environment 
seemed real to me,” “I felt as if I was interacting with other people in the 
virtual environment rather than a computer simulation.“).

The original scale contains 15 items, but the five items assessing 
virtual embodiment were excluded because participants were not rep
resented by a virtual body in the current VR setup. Items were rated on a 
5-point Likert scale (1 = strongly disagree, 5 = strongly agree). Internal 
consistency for the adapted 10-item version in the present sample was 

Table 1 
Demographic characteristics.

Group (n = 60) SAD (n = 30) HCG (n = 30)

Mean age, (years) 29.6 29.1
Female n (%) 19 (63.3%) 19 (63.3%)
Country income level
High Income Country 29 (97%) 29 (97%)
Low Income Country 1 (3%) 1 (3%)
Civil status
Single 15 (50%) 15 (50%)
In a relationship/married 14 (47%) 14 (47%)
Divorced/other 1 (3%) 1 (3%)
Current occupation
Student 11 (37%) 17 (57%)
Full/part Time Employment 9 (30%) 12 (40%)
Sick leave/unemployed 10 (33%) 1/3%)
Education level
Primary school 6 (20%) 2 (7%)
Secondary school 8 (27%) 13 (43%)
Vocational Education 3 (10%) 0
Short Higher Education (up to 2 years) 0 3 (10%)
Intermediate Higher education (two-four years 9 (30%) 5 (17%)
Long Higher education (five years or more 4 (13%) 7 (23%)
Parent Education Level
Primary school 1 (3%) 1 (3%)
Secondary school 3 (10%) 1 (3%)
Vocational Education 10 (33%) 5 (17%)
Short Higher Education (up to 2 years) 1 (3%) 2 (7%)
Intermediate Higher education (two-four years 9 (30%) 10 (33%)
Long Higher education (five years or more 6 (20%) 11 (37%)
Psychopharmaceutical treatment Yes: 56.67% N/A

No: 43.33%
Comorbid disorders Depression: 6 N/A

GAD: 7
Agoraphobia/Panic attacks: 4
PTSD: 1
OCD:2

Note. SAD = Social Anxiety Disorder; HCG = Healthy Control Group; GAD = Generalized Anxiety Disorder.
PTSD = Post-Traumatic Stress Disorder; OCD = Obsessive-Compulsive Disorder.
Percentages are rounded to the nearest whole number. Education levels are based on national classification standards.
VR experience and IT skills were rated on a 0–10 Likert scale.
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good (Cronbach's α = .88, 95% CI [.83, .92]). Lastly, subjective units of 
distress (SUDS) a single-item measure ranging from 0 = no distress to 
100 = extreme distress were used to rate the state anxiety pre and post 
the experimental tasks (Tanner, 2012).

3.3. Experimental procedure

After completion of the diagnostic assessment, the participants were 
directed to the laboratory room, where the experiment was conducted. 
The purpose of the study was explained, followed by an introduction to 
the different tasks. Participants were informed that they would engage 
in three socio evaluative tasks and were instructed to react as they would 
in a real-life situation. Participants were informed that their behavior in 
the virtual environments would be recorded for research purposes; 
however, the specific focus on visual attention patterns and the between- 
group comparison were not disclosed to avoid potential interference 
with the experimental purpose. To increase realism in the VR experi
ence, participants were explicitly asked to verbally engage in the tasks 
(e.g., answering the interviewer's questions). Before beginning, partici
pants rated their SUDS by answering to the question “on a scale from 0 to 
100 how anxious do you currently feel?“. Eye tracker calibration was 
completed in collaboration with the researcher. Calibration quality was 
visually inspected prior to task onset, and recalibration was performed 
when necessary to ensure acceptable tracking accuracy. Calibration 
procedures were identical for all participants, and no systematic dif
ferences in calibration quality were observed between groups. The 
participants were informed that the researcher would leave the labora
tory room before the experiment began. Once the experiment began, the 
researcher left the laboratory room to prevent any influence this pres
ence might have on participantś reactions. The entire experiment lasted 
approximately 15 min. After the experiment the participants rated their 
SUDS levels once again and filled in the MPS questionnaire. Finally, they 
were debriefed about the study rationale.

3.4. VR tasks (job interview, social interaction, presentation)

The experimental tasks consisted of high-resolution 
360◦stereoscopic videos presented in a VR head mounted display 

(HMD). The stimuli material was developed in an iterative process in 
close collaboration with a panel of patients, clinicians and VR de
velopers. Actors were used to deliver the content in the different tasks. 
Listening loops were added throughout the scenarios to stimulate 
interaction. A detailed overview of the experimental tasks can be found 
in the study protocol (Zeka et al., 2023).

The tree experimental tasks were: 

• Task A: A job interview situation, conceptualized as a performance 
task. In the scenario, two interviewers (a male and a female) ask job- 
related questions such as: ‘can you tell us something about yourself’, 
what is your motivation for applying for this job’, ‘how can you 
contribute to this job?‘. A ‘listening loop’ of 30 s follows after each 
question, allowing the participant to answer while the two in
terviewers appear to listen. Both interviewers maintain a welcoming 
and warm attitude. The total duration of Task A was 2.43 min (See 
Fig. 1).

• Task B: A small talk/discussion in a canteen while eating lunch in a 
work setting with four colleagues, conceptualized as an unstructured 
social interaction situation. The participant is not asked direct 
questions but can engage freely in the conversation. The colleagues 
look sporadically at the participant and smile at times. The atmo
sphere is welcoming and warm. The total duration of Task B was 
2.35 min (See Fig. 2).

• Task C: A presentation task, involving a direct threat of negative 
evaluation. The participant is asked to deliver a presentation 
alongside a colleague in front of an audience. The task starts with the 
colleague first introducing himself to the audience and then asks the 
participant to present him/herself to the audience. However, after 
receiving a phone call, the colleague must leave, leaving the 
participant to present alone. During the presentation, a technical 
issue occurs: the computer designated for running the PowerPoint 
presentation material stops functioning. As a result, the participant 
must deliver the presentation without PowerPoint. The atmosphere 
becomes increasingly tense, with the audience displaying signs of 
impatience. However, the task ends before the participant must do a 
presentation. The total duration of Task C was 2.18 min (See Fig. 3).

3.5. VR hardware, eye-tracking, and software

The HTC Vive Pro Eye HMD (HTC Corporation, Taiwan) with an 
integrated Tobii eye-tracking system (Tobii AB, Sweden) was used to 
record gaze data. Eye movements were tracked binocularly at 120 Hz 
with a 110◦ field of view and an accuracy of .5◦–1.1◦, using a five-point 
calibration procedure. The headset operated via the SteamVR tracking 
system to ensure precise spatial tracking and alignment. Eye-tracking 
data were collected, preprocessed, and analyzed using the iMotions 
software platform version 10.0.10 (iMotions A/S, Copenhagen, 
Denmark) (iMotions, 2025). A powerful gaming computer (CPU Intel 
COREi9-10850K3.60Ghz; GPU NVIDIA GeForce RTX 2070 super, 8 GB) 
served as an interface between the HMD and the software.

Fig. 1. Demonstration of the VR job interview scenario.

Fig. 2. Demonstration of the VR social interaction scenario. Fig. 3. Demonstration of the VR presentation scenario.
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3.6. Gaze mapping and preprocessing

Data were prepared and analyzed using Imotions software. For all 
three tasks, gaze estimates obtained from the dynamic VR scenes were 
mapped onto a static image that covers the entire area of interest. This 
gaze mapping process utilizes an object recognition algorithm to detect 
visual features in the reference images and align them with the original 
recordings (Imotions Software). For Tasks A and B, a single reference 
image was sufficient as the stimuli remained static. In contrast, Task C 
involved frequent changes in stimuli, requiring five reference images to 
account for these variations. The same reference images were used for 
all participants. The quality of the automated gaze mapping was visually 
inspected for each participant. Manual corrections were made when 
gaze points were visibly misaligned with the corresponding reference 
image content, based on consistent deviation patterns to ensure reliable 
data interpretation. Minor errors in gaze mapping were observed and 
corrected across all participants and tasks. AOIs were manually cate
gorized into social areas (faces and bodies) and a nonsocial area (the 
environment). AOIs were defined as shape-based regions following the 
outlines of faces, bodies, and the environment in the reference images, 
enabling precise correspondence with the visual extent of each AOI in 
the VR scenes. To accommodate the inherent imprecision of the eye- 
tracker, the AOIs were slightly enlarged beyond the actual dimensions 
of faces and bodies. Additionally, a small buffer space was left between 
AOIs to ensure that gaze points fell within the designated areas, as 
recommended by Clay et al., 2019 (Clay et al., 2019). Visual examples of 
the manually defined AOIs (faces, bodies, and environment) used for 
gaze mapping for TASK A, B and C are provided in the Supplementary 
Figures (See Supplementary Figs. S1–S3). An I-VT (Velocity-Threshold 
Identification) filter was applied to analyze the raw eye tracking data by 
classifying fixations and saccades based on eye movement speed relative 
to a velocity threshold. The velocity threshold was set at 100◦/s, with a 
minimum fixation duration of 100 ms. Eye movements below this 
threshold were classified as fixations, while exceeding it were classified 
as saccades. The filter parameters were predefined and applied consis
tently across all participants and tasks, following standard velocity and 
duration-based criteria commonly used in eye-tracking research 
(Holmqvist & Andersson, 2017). The analysis was based on predefined 
AOIs.

3.7. Eye-tracking outcomes (temporal and spatial metrics)

Outcome measures comprised of eye movements, consisting of 
temporal and spatial eye tracking metrics. Temporal metrics were 
fixation-based measured in milliseconds. These included fixation 

duration, number of fixations, mean fixation duration, time to first fix
ation (TTFF), and first fixation duration. Fixation duration was defined 
as the total time spent fixating within a given AOI, number of fixations as 
the count of discrete fixation events within an AOI, and mean fixation 
duration as the average duration per fixation. Time to first fixation 
(TTFF) reflected the latency from scene onset to the first fixation within 
an AOI, and first fixation duration represented the duration of the initial 
fixation on that AOI. All fixation-based metrics were computed within 
the predefined AOIs outlined in the previous section, categorized as 
social (faces and bodies) and nonsocial (environment). Spatial metrics 
comprised the mean distance between fixations (in pixels), calculated by 
summing the Euclidean distances between each pair of consecutive 
fixation points and dividing by the total number of fixation pairs. This 
metric indexed the spatial dispersion of gaze. Additionally, scan path 
length (in pixels) was calculated by the sum of Euclidean distances be
tween pairs of consecutive fixation points along the gaze path, repre
senting the overall extent of visual exploration during each task.

3.8. Statistical analysis

Data were analyzed using the statistical program R version 4.4.1 
(2024-06-14 ucrt). A one-way Analysis of Variance (ANOVA) was con
ducted to assess group differences on psychometric measures. A 
repeated measure ANOVA was used to analyze SUDS score, with group 
(SAD vs HCG) as a between-subject factor and time (pre vs post exper
imental task) as a within-subject factor. A mixed design ANOVA was 
conducted with group (SAD vs HCG) as the between-subject factor and 
AOI (face vs body vs environment) as the within-subjects factor sepa
rately for each task (tasks A, B and C). This test was used to analyze the 
first and third hypothesis. T-tests were conducted for spatial metrics and 
used to analyze the second hypothesis. Eye-tracking metrics (temporal 
and spatial metrics) were the dependent variables. Post-hoc Bonferroni 
corrections were applied for pairwise comparisons when a statistically 
significant interaction effect between participant group and AOI was 
found. To test the fourth hypothesis a multivariate analysis of variance 
(MANOVA) was conducted to assess differences in gaze behavior across 
tasks (A, B and C). Spearman correlational analyses were conducted 
within the SAD group to assess relationships between temporal and 
spatial eye movements and psychometric measures (LSAS, BFNE, PSP). 
All statistical tests of significance were two-tailed, with significance 
level set at p < .05.

Normality assumptions were assessed using Shapiro-Wilks and Lev
en's test for each task, variable, participant group and AOI. Due to minor 
normality deviations (p < .05), square root transformations were 
applied on all temporal metrics except mean average fixation, which met 
normality assumptions. Minor normality deviations persisted in certain 
groups; however, given ANOVA's robustness to such deviations (Blanca 
et al., 2018), the analyses proceeded using mixed ANOVAs. Mauchly's 
test was used to assess sphericity violations and a Greenhouse-Geisser 
and Huynh-Feldt corrections were applied, in case of sphericity 
violations.

4. Results

4.1. Sample characteristics

Table 1 depicts the demographic data of the two groups. As the 
groups were matched on age, gender, and country income level, no 
differences in these parameters were expected. The participants had a 
mean age of 29 years of whom 63 % were females. No significant dif
ferences were found in civil status, educational level, and parental 
educational level. However, a group difference emerged in current 
occupation, with 33 % of the SAD group being on sick-leave or unem
ployed, compared to only 3% in the HCG group. Regarding the onset of 
SAD symptoms, 35 % of participants reported experiencing symptoms 
before the age of 10, 30 % between ages 10-15 years of age, 35 % 

Table 2 
Psychometric characteristics.

Group SAD mean (SD) HCG mean (SD) F (1.58) P value

LSAS total 81.9 (18.8) 9.73 (5.97) 400.9 <.001
Anxiety total 44.7 (9.6) 5.5 (3.4) 442 <.001
Avoidance total 37.2 (10.3) 4.2 (3.0) 283.2 <.001
BFNE 50.94 (7.29) 23.97 (4.94) 281.3 <.001
PSP 60.5 (7.2) 84.5 (6.8) 173.2 <.001
MPS 39.1 (5.0) 38.7 (7.41) .06 .808
SUDS pre-experiment 52.3 (21.4) 15.6 (13.3) 63.32 <.001
SUDS post- 

experiment
32 (26.8) 4 (8.9) 29.4 <.001

Note. Values represent means. Standard deviations are in parentheses. SAD =
Social Anxiety Disorder; HCG = Healthy Control Group.
LSAS = Liebowitz Social Anxiety Scale; BFNE = Brief Fear of Negative Evalua
tion; PSP = Personal and Social Performance Scale.
MPS = Multimodal Presence Scale; SUDS = Subjective Units of Distress Scale. 
Higher scores on LSAS, BFNE, and SUDS indicate.
Greater symptom severity, whereas higher scores on the PSP reflect better 
functioning.MPS assesses perceived presence in the VR environment.
All comparisons were conducted using one-way ANOVAs.
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between ages 15-20, and 10 % after the age of 20. Additionally, 57% of 
the SAD group were receiving psychopharmacological treatment, and 
86% had a comorbid diagnosis, most frequently depression and gener
alized anxiety disorder (See Table 1). Group differences between SAD 
and HCG on the psychometric measures (LSAS, BFNE, PSP), MPS and 
SUDS are depicted in Table 2. As expected, the SAD group, reported 
significantly higher social anxiety symptoms on LSAS and BFNE, as well 
as lower functioning on the PSP. Additionally, SUDS scores revealed that 
the SAD group reported significantly higher state anxiety before the 
experiment compared to the HCG. However, post-experiment ratings 
showed a marked reduction in anxiety for the SAD group, suggesting a 
decrease in distress after task completion. No differences were found on 
the MPS (See Table 2).

4.2. Visual avoidance across tasks

Table 3 shows the means and standard deviations for the fixation 
variables across Task A, Task B, and Task C for both SAD and HCG 
groups, based on untransformed data. Untransformed data were used to 
present the raw, unaltered results for clarity and transparency (See 
Table 3). For a visual representation, Fig. 4 displays boxplots of fixation 
duration across the three tasks.

For fixation duration mixed ANOVAS revealed a significant inter
action between group and AOI in both Task A F (2,110) = 4.034, p =
.020, np2 = .0683 and Task B F (2,112) = 11.269, p < .001, np2 = .1675, 
indicating that SAD and HCG participants allocated their visual atten
tion differently across AOIs. Post hoc tests using pairwise comparisons 
with Bonferroni corrections revealed, that in Task A, SAD participants 
spent significantly less time fixating on faces compared to HCG (t (112) 
= 2.0002, p = .048) and spent significantly more time on the environ
ment AOI (t (55) = − 2.351, p = .022). No statistically significant dif
ference was found for fixation duration on the body AOI (t (110) =
− 1.675, p = .097). A similar pattern was also observed in Task B, SAD 
participants spent significantly less time fixating on faces (t (230) =
2.746, p = .006) and significantly more time on the environment (t 
(114) = − 3.946, p < .001). No significant difference was found for the 
body (t (223) = − 1.239,p = .216).

For number of fixations, mixed ANOVAS revealed a significant group 
by AOI interaction in Task A F (2,110) = 3.072, p = .050, np2 = .0529 

and Task B F (2,112) = 8.063, p < .001, np2 = .1259. Post hoc tests 
revealed that in Task A, SAD participants had fewer number of fixations 
on faces compared to HCG (t (112) = 2.0002, p = .039). No significant 
difference was found for the environment (t (55) = − 1.775, p = .081) 
nor for the body (t (110) = − 1.473, p = .144). In Task B, SAD partici
pants had significantly more number of fixations on the environment (t 
(114) = − 3.612, p = <.001), but not for the faces (t (230) = 1.776, p =
.77) or body (t (223) = − .3250, p = .745).

Unlike the findings in Task A and B, Task C did not follow the same 
trend. No significant interaction effects were found between participant 
group and AOI for fixation duration F (2,112) = 1.641, p = .198, np2 =

.0285, number of fixations F (2,112) = 1.362, p = .260, np2 = .0237.
For mean fixation duration no statistically, significant differences 

were found for either tasks (See Tables 5 and 6 for detailed statistics).

4.3. Hyperscanning and Vigilance–Avoidance analyses across tasks

Table 4 presents the means and standard deviations for the spatial 
variables; mean distance between fixations and scanpath length, across 
Task A, Task B, and Task C for both SAD and HCG groups (See Table 4) 
For a visual representation, Fig. 5 displays boxplots of mean distance 
between fixations across the three tasks.

For mean distance between fixations, t-tests revealed a marginally 
statistically significant difference in Task A, with the SAD group 
exhibiting greater distances t (Al-Ezzi, Kamel, et al., 2021) = − 1.96, p =
.055, d = .52. Also in Task B, the SAD group showed significantly greater 
mean distances between fixations compared to the HCG group t (Al-Ezzi, 
Yahya, et al., 2021) = − 2.30, p = .025, d = .60. Similarly, in Task C, the 
SAD group demonstrated significantly greater mean distance between 
fixations t (Al-Ezzi, Yahya, et al., 2021) = − 2.75, p = .008, d = .72. For 
scanpath length, t-tests revealed significantly longer scanpath lengths 
for the SAD group in Task B t (Al-Ezzi, Yahya, et al., 2021) = − 2.38, p =
.021, d = .63. However, no significant differences in scan path length 
were observed in Task A t (Al-Ezzi, Kamel, et al., 2021) = − 1.24, p =
.219, d = .33, nor in Task C t (Al-Ezzi, Yahya, et al., 2021) = − 1.74, p =
.087, d = .46. (See Table 7 for detailed statistics).

No significant Interaction effects were found for TTFF or first fixation 
duration in any of the tasks (See Table 5 with detailed statistics).

Table 3 
Means and standard deviation on fixation variables for task A, B & C and for SAD & HCG.

TASK AOI category Fixation duration (s) Number of fixations Mean fixation duration (ms) TTFF (s) First fixation duration (ms)

TASK 
A

​ SAD (29) HCG (28) SAD (29) HCG (28) SAD (29) HCG (28) SAD (29) HCG (28) SAD (29) HCG (28)
Face 81.2 

(29.9)
95.9 
(27.2)

171.3 
(60.4)

199.6 
(63.7)

974.27 
(298.59)

1006.15.7 
(400.19)

4.2 (3.62) 3.3 (4.0) 780.8 
(528.7)

1022.8 
(822.9)

Body 12.0 (9.5) 9.4 (8.2) 51.3 
(43.9)

41.8 
(45.6)

483.55 
(138.29)

463.05 
(132.86)

37.1 
(36.12)

49.4 (36.5) 360.7 
(130.8)

374.2 
(142.7)

Environment 25.2 
(17.8)

15.5 (8.6) 91.0 
(60.4)

63.8 
(31.9)

276.1 
(67.5)

241.2 (53.9) 10.3 (13.9) 13.6 (14.4) 287.1 
(239.2)

219.7 
(188.9)

TASK 
B

​ SAD (29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29)
Face 82.8 

(22.8)
100.0 
(15.5)

132.9 
(36.0

143.4 
(20.8)

2541.6 
(642.4)

2769.4 
(626.9)

32.36 
(24.97)

22.66 
(14.97)

2087.95 
(2149.16)

1549.53 
(1250.77)

Body 16.3 (8.9) 13.2 (8.6) 44.3 
(25.2)

44.4 
(41.4)

1368.1 
(512.7)

1262.2 
(371.3)

87.16 
(67.61)

93.79 
(63.27)

986.86 
(383.49)

1067.99 
(517.65)

Environment 29.0 
(14.4)

17.6 (8.3) 87.5 
(39.2)

60.9 
(34.9)

650.4 
(171.3)

593.7 (154.6) 7.99 (9.30 10.98 
(22.73)

427.70 
(234.80)

398.64 
(190.86)

TASK 
C

​ SAD(29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29) SAD (29) HCG (29)
Face 44.11 

(15.90)
50.60 
(12.14)

164.76 
(53.11)

175.45 
(47.78)

3217.36 
(828.29)

3366.27 
(695.13)

159.85 
(69.88)

180.85 
(63.36)

2843.53 
(893.59)

2912.50 
(669.09)

Body 17.66 
(10.88)

15.91 
(11.33)

77.45 
(45.05)

69.17 
(37.12)

2059.34 
(391.10)

2203.14 
(694.60)

217.06 
(100.83)

248.77 
(100.99)

2135.59 
(650.43)

2130.71 
(741.60)

Environment 37.7 
(10.9)

35.5 (8.1) 167.4 
(41.2)

149.5 
(33.1)

2095.26 
(377.64)

2193.40 
(333.66)

84.57 
(38.30)

102.10 
(50.00)

1855.02 
(492.98)

1932.91 
(543.17)

Note. Values represent means. Standard deviations are in parentheses. SAD = Social Anxiety Disorder group; HCG = Healthy Control Group; TTFF = Time to First 
Fixation; AOI = Area of Interest. All values are based on untransformed raw data for interpretability. Fixation durations are in seconds (s) unless otherwise specified; 
mean fixation duration and first fixation duration are in milliseconds (ms).
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4.4. Task effects on visual attention

A two-way repeated measures MANOVA was conducted to examine 
the effects of Task, AOI), and Participant Group based on fixation met
rics. A significant interaction between Task and AOI was found F 
(20,1964) = 16.766, p < .001, Pillai's Trace = .583, indicating that the 
effect of Task on visual attention varied by AOI. Post-hoc comparisons 
revealed significant differences in attention to faces across tasks. Task C 
showed lower fixation duration, and fewer number of fixations 
compared to Tasks A and B (both p < .0001), with no difference between 
Tasks A and B for fixation duration (p = .8752). Task C also exhibited 
longer mean fixation duration than Task A and B (p < .0001), with Task 
B showing longer fixations than Task A (p < .0001).

5. Discussion

The present study highlights the value of using 360-degree videos 
presented through VR HMD to create immersive experimental para
digms. Compared to traditional static or screen-based eye-tracking 
paradigms, the immersive multi-scenario VR setup enhanced ecological 
validity while maintaining experimental control. The integration of eye- 
tracking was not only technically feasible but also enabled precise real- 
time measurement of visual attention. The lack of real-time interaction 
inherent to 360-degree videos was addressed by simulating interaction 
through embedded response loops. The participants in both groups re
ported high levels of presence, realism and interactivity, as measured 
with the Multimodal Presence Scale. Overall, our VR-based eye tracking 
paradigm effectively differentiated individuals with SAD from healthy 
controls, particularly through fixation duration and mean distance be
tween fixations. Importantly, the inclusion of three distinct socio- 
evaluative VR scenarios represents a methodological strength, as it 
enabled comparison of visual attention across different socio-evaluative 
contexts. The multi-scenario approach further allowed us to distinguish 
between context-dependent avoidance patterns, which emerged in 
specific socio-evaluative situations, and more task-general hyper
scanning tendencies that were evident across all three scenarios. This 

distinction would not have been possible within a single-task or static 
paradigm. Furthermore, the rigorous eye-tracking procedures, pre
defined AOIs and identical quality criteria across groups strengthen the 
reliability and robustness of the findings.

Our study revealed task-specific patterns and two co-occurring visual 
attention patterns in SAD in two of the three tasks. Consistent with 
cognitive models of SAD (Clark & Wells, 1995; Rapee & Heimberg, 
1997), the observed pattern of reduced attention to faces and increased 
attention to the environment can be understood as a safety behavior that 
helps individuals manage anxiety when full avoidance is impossible 
(Leigh & Clark, 2018; Rapee & Heimberg, 1997). At the same time, the 
hyperscanning pattern evident across all three tasks reflects increased 
vigilance toward potential social threats. Together, these findings sug
gest impaired attentional flexibility, a reduced ability to shift attention 
between threat-related and socially relevant cues, which may contribute 
to the maintenance of SAD symptoms. This interpretation also aligns 
with Eysenck's Attentional Control Theory (2007), proposing that anx
iety weakens top-down, goal-directed attention and increases reliance 
on bottom-up, stimulus-driven processing (Eysenck & Derakshan, 
2011). Such disrupted control could explain why individuals with SAD 
focus less on socially meaningful cues such as faces and more on neutral, 
nonthreatening aspects of their environment.

In line with our first hypothesis and previous eye-tracking studies 
(Chen et al., 2012, 2015, 2020; Weeks et al., 2013), individuals with 
SAD exhibited reduced engagement with faces and increased attention 
to non-social cues in both the job interview task and the unstructured 
social interaction task. Interestingly, the presentation task involving an 
explicit negative evaluation did not show significant group differences 
in visual attention patterns. One speculative explanation for the absence 
of group differences is that the explicit nature of the negative evaluation 
may have led to a convergence in gaze behavior either by reducing 
avoidance in the SAD group or by eliciting similar avoidance responses 
in healthy controls due to the high emotional salience of the task, 
potentially producing ceiling effects that reduced observable 
between-group differences.

Our findings indicate that avoidance in SAD is highly selective to 

Fig. 4. Box plot for Fixation duration for Task A, B and C.

Table 4 
Means and standard deviation on spatial variables for task A, B & C and for SAD & HCG.

TASK Mean distance between fixations (p) Scanpath length (p)

TASK A SAD (29) HCG (28) SAD (29) HCG (29)
173.2 (43.4) 152.2 (37.1) 59770.39 (17423,35) 53930.34 (18070.80)

TASK B SAD (29) HCG (29) SAD (29) HCG (29)
197.6 (43.7) 176.1 (25.1) 63632.99 (16609.46) 55129.70 (9651.31)

TASK C SAD (29) HCG (29) SAD (29) HCG (29)
185.3 (35.1) 163.5 (24.3) 51014.88 (12428.56) 45949.47 (9488.39)

Note: Values represent means. Standard deviations are in parentheses. SAD: social anxiety disorder.
HCG: healthy control group; p = in pixels.
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Table 5 
ANOVA summary TASK A, B & C.

TASK Variable Effect DF1 DF2 F.Value p.value np2

TASK A Fixation Duration (sqrt) Participant group 1 55 4.108 .047 .0695
AOI 2 110 136.181 <.001 .7123
Interaction: Participant group/AOI 2 110 4.034 .020 .0683

Number of Fixations (sqrt) Participant group 1 55 1.611 .2096 .0285
AOI 2 110 81.265 <.001 .5964
Interaction: Participant group/AOI 2 110 3.072 .050 .0529

Mean Fixation Duration (sqrt) Participant group 1 55 .193 .662 .0035
AOI 2 110 123.323 <.001 .6916
Interaction: Participant group/AOI 2 110 .995 .373 .0178

TTFF (sqrt) Participant group 1 55 2.582 .114 .0448
AOI 2 110 50.720 <.001 .4798
Interaction: Participant group/AOI 2 110 .386 .681 .0070

First Fixation Duration (sqrt) Participant group 1 55 .0006 .981 .0000
AOI 2 110 21.282 <.001 .2790
Interaction: Participant group/AOI 2 110 2.249 .110 .0393

TASK B Fixation Duration (sqrt) Participant group 1 56 8.769 .004 .1354
AOI 2 112 224.069 <.001 .8001
Interaction: Participant group/AOI 2 112 11.269 <.001 .1675

Number of Fixations (sqrt) Participant group 1 56 3.327 .073 .0561
AOI 2 112 134.054 <.001 .7053
Interaction: Participant group/AOI 2 112 8.063 <.001 .1259

Mean Fixation Duration (sqrt) Participant group 1 56 .009 .924 .0002
AOI 2 112 233.522 <.001 .8066
Interaction: Participant group/AOI 2 112 3.438 .036 .0578

TTFF (sqrt) Participant group 1 56 .203 .65 .0036
AOI 2 112 89.194 <.001 .6143
Interaction: Participant group/AOI 2 112 1.139 .324 .0199

First Fixation Duration (sqrt) Participant group 1 56 1.405 .241 .0245
AOI 2 112 24.866 <.001 .3075
Interaction: Participant group/AOI 2 112 1.499 .228 .0261

TASK C Fixation Duration (sqrt) Participant group 1 56 .0349 .853 .0006
AOI 2 112 130.481 <.001 .6997
Interaction: Participant group/AOI 2 112 1.6411 .198 .0285

Number of Fixations (sqrt) Participant group 1 56 .8262 .367 .0145
AOI 2 112 128.703 <.001 .6968
Interaction: Participant group/AOI 2 112 1.3620 .260 .0237

Mean Fixation Duration (sqrt) Participant group 1 56 .4970 .484 .0088
AOI 2 112 36.6782 <.001 .3958
Interaction: Participant group/AOI 2 112 .2915 .747 .0052

TTFF (sqrt) Participant group 1 56 1.2032 .277 .0210
AOI 2 112 55.2962 <.001 .4968
Interaction: Participant group/AOI 2 112 .0438 .957 .0008

First Fixation Duration (sqrt) Participant group 1 56 .0039 .950 .0001
AOI 2 112 6.2998 .003 .1011
Interaction: Participant group/AOI 2 112 .2165 .080 .0038

Note: SAD = Social Anxiety Disorder group; HCG = Healthy Control Group; AOI = Area of Interest; TTFF = Time to First Fixation; DF = Degrees of Freedom; F = F- 
statistic.
p = p-value; np2 = partial eta-squared.

Table 6 
Between-subject pairwise comparisons TASK A & B.

TASK A Variable AOI Contrast Estimate SE DoF t.value p.value
Fixation Duration (sqrt) Body HCG - SAD − 9.8959 .4005.9087 110.0 − 1.6748 .097

Environment HCG - SAD − 29.5731 12.5818 55.0 − 2.3505 .022*
Face HCG - SAD 17.7541 8.8761 112.0 2.0002 .048*

Number of Fixations (sqrt) Body HCG - SAD − .5863 .3981 110.0 − 1.4728 .144
Environment HCG - SAD − 1.2874 .7252 55.0 − 1.7753 .081
Face HCG - SAD .7499 .3602 112.0 2.0822 .039*

TASK B Fixation Duration (sqrt) Body HCG - SAD − 4.4157 3.5640 223.0 − 1.2390 .216
Environment HCG - SAD − 26.1287 6.6217 114.0 − 3.9459 <.001*
Face HCG - SAD 14.2264 5.1818 230.0 2.7455 .006*

Number of Fixations (sqrt) Body HCG - SAD − .0581 .1787 223.0 − .3250 .745
Environment HCG - SAD − 1.1731 .3248 114.0 − 3.6116 <.001**
Face HCG - SAD .2780 .1565 230.0 1.7764 .077

Mean Fixation Duration (sqrt) Body HCG - SAD − 24.2967 25.3761 223.0 − .9575 .339
Environment HCG - SAD − 28.3422 21.5354 114.0 − 1.3161 .190
Face HCG - SAD 57.0522 32.2778 230.0 1.7675 .078

Note: SE= Standard error; DoF; degrees of freedom; Significant p-values are marked with an asterisk (*).
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faces, as no significant group differences were found for the body AOI. 
Previous studies have either analyzed only the face as an AOI (Chen 
et al., 2015, 2021; Horley et al., 2004; Lazarov et al., 2016) or combined 
the face and body into a single AOI (Kim et al., 2018; Mühlberger et al., 
2008; Rubin et al., 2022), limiting the ability to distinguish whether 
individuals with SAD shift attention away from the face to body regions 
or to the surrounding environment. Our findings suggest that while in
dividuals with SAD are reluctant to engage with direct gaze and facial 
expressions, they do not necessarily redirect attention to other socially 
relevant cues such as body posture or gestures. Instead, they direct the 
attention to the environment, likely as a safety-seeking strategy. Inter
estingly, our findings contrast with Dechant et al. (2017) who found that 
subclinical individuals spent a greater proportion of their fixation time 
on the body AOI while avoiding faces, without showing increased 
attention to the environment (Dechant et al., 2017). These discrepancies 
highlight the need for further research to examine whether differences 
in sample characteristics (clinical vs. subclinical) or task related factors, 
such as setup and level of immersion, may influence the distribution of 
attention across non-face AOIs.

Our study suggests that fixation duration may be a more sensitive 
and robust marker of avoidance in SAD than either the number of fix
ations or mean fixation duration. We found significant differences in 
fixation duration in both the job interview and unstructured social 
interaction tasks, whereas mean fixation duration did not differ between 
groups. Although the number of fixations did not consistently reach 
significance across tasks, meaningful trends emerged: in the job inter
view task, individuals with SAD had significantly fewer number of fix
ations on faces and in the unstructured social interaction task, they had 
significantly more number fixations on the environment. Although these 
mixed findings may reflect limited statistical power, similar mixed re
sults were seen in other studies. Weeks et al. (2013, 2019), using a covert 
eye-tracking paradigm with dynamic video stimuli, found that in
dividuals with SAD exhibited reduced total time holding eye contact, 
fewer fixations on the eye region, and shorter fixation durations, 
regardless of feedback valence (Weeks et al., 2013, 2019). Similarly, 
Chen et al. (2021), examining a subclinical population during a natu
ralistic social interaction task, reported shorter fixation durations, fewer 
number of fixations on faces, and greater mean fixation distance from 
faces (Chen et al., 2021). In contrast, consistent with our results, Chen 

et al. (2015) found no significant differences in the number of fixation 
nor mean duration of fixations during a pre-recorded public-speaking 
task in a clinical SAD sample (Chen et al., 2015). Taken together, these 
findings suggest that fixation duration is the most reliable indicator of 
gaze avoidance in SAD. Future research should clarify whether vari
ability across fixation-based metrics reflects differences in participant 
characteristics or task-related demands, such as the level of social 
engagement or evaluative threat.

In terms of hyperscanning, our findings identify mean distance be
tween fixations as a more sensitive and stable indicator of hyper
scanning as it was significantly greater in individuals with SAD across all 
three tasks. We also observed longer scanpath lengths in the unstruc
tured social interaction task and a nonsignificant trend in the presen
tation task. Previous studies have reported increased scanpath lengths in 
SAD populations (Chen et al., 2015; Horley et al., 2004; (Horley et al., 
2003) but only trends in mean distance between fixations (Chen et al., 
2015). In contrast, Chen et al. (2021), using a subclinical sample of SAD 
during a naturalistic social interaction task, found no significant dif
ferences in either measure (Chen et al., 2021). These discrepancies raise 
important questions about whether they reflect differences in sample 
characteristics (clinical vs. subclinical) or the salience of 
social-evaluative threat within the task. Such variations point to the 
need for further research, particularly in child and adolescent pop
ulations, to determine whether hyperscanning represents an 
early-emerging trait-like bias or a symptom-specific attentional pattern 
that contributes to the onset and maintenance of SAD.

Related considerations apply to the vigilance-avoidance hypothesis. 
We found no evidence of faster initial orienting toward social cues or 
earlier disengagement, suggesting that hypervigilance may not manifest 
during early attentional stages but rather in later, sustained processes 
such as hyperscanning and avoidance. Previous studies have reported a 
vigilance–avoidance pattern, such as Reichenberger et al. (2020), who 
observed this pattern in a VR task involving explicit social rejection 
(Reichenberger et al., 2020). In contrast, our presentation task featured 
a delayed evaluative threat, emerging only when a virtual colleague left 
the room, and the audience displayed frustration after a technical fail
ure. This delayed onset may have failed to trigger early 
threat-processing mechanisms typically associated with vigilance. 
However, our findings are consistent with Moukheiber et al. (2010), 

Fig. 5. Boxplot for mean distance between fixations in pixels for task A, B & C.

Table 7 
Summary of Independent t-tests on scanpath and mean distance between fixaitons on TASK A, B and C.

Task Measure Group Comparison t-value DoF p_value Cohen's d

A Mean Distance between Fixations HCG vs SAD − 1.96 55 .055 .52
Scanpath Length HCG vs SAD − 1.24 55 .219 .33

B Mean Distance between Fixations HCG vs SAD − 2.30 56 .025* .60
Scanpath Length HCG vs SAD − 2.38 56 .021* .63

C Mean Distance between Fixations HCG vs SAD − 2.75 56 .008* .72
Scanpath Length HCG vs SAD − 1.74 56 .087 .46

Note; DoF; degrees of freedom; Significant p-values are marked with an asterisk (*).
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who similarly to our results reported no evidence of a vigi
lance–avoidance pattern in a face-viewing paradigm (Moukheiber et al., 
2010). This interpretation is further supported by Günther et al. (2021), 
who emphasized that early attentional indicators, such as time to first 
fixation, often demonstrate poor reliability across studies, particularly in 
paradigms involving competing stimuli (Günther et al., 2021). Although 
our VR eye-tracking paradigm did not include competing stimuli, their 
critique underscores concern regarding the robustness and interpret
ability of early gaze metrics as indicators of vigilance.

Given the early onset of SAD and its association with later comor
bidity, developing objective screening tools based on behavioral 
markers is crucial. Because current diagnostic procedures rely largely on 
self-report, which can be biased by social desirability, limited insight, 
and symptom overlap (particularly with autism spectrum disorder), 
many cases go undetected (Janssen et al., 2012; Letamendi et al., 2009; 
Maddox & White, 2015; Montaser et al., 2023; Zimmerman & Chel
minski, 2003). VR-based eye-tracking may offer a valuable complement 
to traditional assessments by capturing gaze avoidance and hyper
scanning patterns that may be difficult to observe or self-report. In 
particular, fixation duration and mean distance between fixations may 
represent quantifiable behavioral markers that could supplement 
clinician-administered interviews within structured assessment settings. 
By identifying objective behavior-based markers of SAD within immer
sive VR contexts, the present study contributes to the growing field of 
digital mental-health assessment and technology-enhanced diagnostics. 
This direction is consistent with emerging computational and neuro
physiological research applying EEG-based effective connectivity ana
lyses and deep learning models to characterize objective biomarkers of 
SAD severity (Al-Ezzi et al., 2021a, 2021b). While these approaches rely 
on neural connectivity measures rather than gaze behavior, they simi
larly illustrate the potential of technology-driven, quantitative markers 
to complement traditional clinical assessment. However, the findings of 
the present study remain preliminary and require replication in larger 
and more diverse samples before such metrics can be considered clini
cally reliable. Future research should examine whether gaze-based 
measures can help differentiate SAD from related conditions. For 
example, Kleberg et al. (2017) found that autistic traits were linked to 
delayed gaze orientation, whereas social anxiety involved rapid gaze 
aversion (Kleberg et al., 2017). Clarifying such differences may improve 
differential assessment, particularly in cases involving overlapping or 
co-occurring symptoms.

The findings of the current study should be interpreted in light of 
several limitations. The relatively modest sample size (N = 60) may have 
limited statistical power, potentially explaining why some trends, such 
as differences in the number of fixations or scanpath length did not reach 
significance in some of the tasks. In addition, the findings may not 
generalize to adolescents or culturally diverse populations, whose 
attentional patterns and social interpretations may differ. Moreover, 
some participants, may not have had direct experience with job inter
view or workplace contexts. Although they were instructed to imagine 
themselves in the scenario, differences in prior experience may have 
influenced immersion and gaze behavior. Participants’ prior experience 
with virtual reality was not formally assessed, which may represent a 
limitation. Detailed data retention rates beyond the predefined exclu
sion threshold (>80% missing data) were not available, as validity 
metrics were computed internally by the software used in the study. 
While identical quality criteria were applied across groups and exclusion 
rates were comparable, subtle differences in data quality cannot be 
entirely excluded. Future studies should include detailed retention 
metrics to further strengthen transparency. Using the entire face as a 
single AOI also prevented differentiation between specific facial regions 
(e.g., eyes vs. mouth), which might have offered more detailed insights 

into the mechanisms of gaze avoidance. Moreover, while 360-degree 
video presented in a VR HMD increased ecological validity, it 
restricted real-time interaction, which could influence the naturalness of 
social engagement. In addition, the high rate of psychiatric comorbidity 
and ongoing psychopharmacological treatment in the SAD group may 
complicate interpretation of the observed visual attention patterns as 
SAD-specific. Comorbidities such as depression may influence visual 
attention, potentially affecting both orienting/disengagement and sus
tained allocation of attention to social cues. Supporting this, recent eye- 
tracking work indicates that depression and social anxiety can have 
distinct and interactive effects on orienting to, and disengaging from, 
socially salient cues such as the eye region (Su et al., 2026). Although the 
present study was not powered to test comorbidity- or 
medication-specific effects, future studies should stratify samples by 
common comorbidities and medication status, or model these factors 
analytically, to better determine the specificity of VR-based gaze 
markers to SAD.

6. Conclusion

This study demonstrates that VR-based eye-tracking can effectively 
capture distinct visual attention patterns in SAD offering an ecologically 
valid framework for examining visual attention patterns in realistic 
socio-evaluative contexts. Individuals with SAD showed reduced fixa
tion duration on faces, indicating avoidance, and greater mean distance 
between fixations, reflecting hyperscanning across tasks. These results 
support cognitive models suggesting that social anxiety involves both 
safety-seeking avoidance and increased vigilance toward potential so
cial threats.

Compared with traditional screen-based eye-tracking, the immersive 
VR paradigm used here allows participants to experience dynamic, life- 
like social situations, capturing gaze behavior in a way that closely 
mirrors real-world interactions. This approach enables the detection of 
subtle, context-dependent attentional patterns that may be overlooked 
in more constrained laboratory settings. VR-integrated eye-tracking 
therefore holds promise as a tool for advancing the assessment of 
behavioral markers of SAD and improving the development of digital 
mental health applications. Future studies should replicate these find
ings in larger and more diverse samples to further establish their clinical 
reliability and diagnostic utility.

7. Protocol deviations

In the protocol, it was stated that the data would be analyzed using 
SPSS. This was later changed to R, as it was considered more appropriate 
for handling large datasets. While the protocol specified analyses on the 
Face and Body AOIs, the Environment AOI was additionally included 
post hoc, as it was deemed a relevant area that could provide valuable 
information about gaze behavior. The protocol also stated that task 
order would be included as a factor. However, this was omitted, as the 
task order was randomized for each participant by the iMotions soft
ware, eliminating the need to control for it as a confounding variable. 
Finally, although we had planned to explore associations between psy
chometric measures and eye-tracking metrics, these analyses are not 
included in the current manuscript. They will be reported separately to 
allow for a more focused and comprehensive presentation of findings.
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