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A B S T R A C T   

Background: Social anxiety disorder (SAD) is linked to atypical attention to other's eyes. Empirical literature about this phenomenon in childhood and adolescence is 
scarce. Previous studies in adults have suggested that SAD may be characterized by either rapid avoidance of eye contact, or by impaired shifting of attention away 
from eyes once eye contact has been established. SAD has also been linked to quick orienting towards eyes, indicating vigilant monitoring of perceived threat. 
Methods: In the largest eye-tracking study of youth with SAD to date, 10 to 17 year-olds with SAD (n = 88) and healthy controls (n = 62) were primed to look at 
either the eyes or the mouth of human faces. The latency and likelihood of a first gaze shift from, or to the eyes, was measured. 
Results: Individuals with SAD were slower to shift their gaze away from the eye region of faces than controls, but did not differ in orienting toward eyes. 
Limitations: Participants were assessed once after the onset of SAD symptoms, meaning that the longitudinal predictive value of delayed gaze shifts from others’ eyes 
could not be examined. 
Conclusions: Youth with SAD may be impaired in shifting attention from other's eyes. This could contribute to the experience of eye contact as aversive, and may be a 
maintaining factor of childhood SAD.   

Social anxiety disorder (SAD) is characterized by fear of being scruti
nized or negatively evaluated in social situations. It has a life-time pre
valence around 12% and is associated with a high degree of everyday im
pairment and multiple negative consequences, such as unemployment, 
academic underperformance, and comorbid psychopathology, including 
depression (Stein and Stein, 2008). SAD has a typical onset in late childhood 
or adolescence, and although there are evidence-based treatments for ado
lescent SAD, the treatment response rates are typically lower than for other 
anxiety disorders (Hudson et al., 2015). Thus, a better understanding of the 
cognitive and neural mechanisms underlying the development and main
tenance of child and adolescent SAD is greatly needed to enhance treat
ments and prevent further negative development (Holmes et al., 2018). 

Current models suggest that SAD may be partially maintained by 
maladaptive attention to faces and other social stimuli (Rapee and 
Heimberg, 1997; Wong and Rapee, 2016), and here the eyes may hold a 
prominent role. Typically developing humans are highly attentive to eye 
contact (Emery, 2000; Senju and Johnson, 2009), reflecting that in
formation in the eye region is crucial for understanding others’ intentions 
and mental states, including signals of affiliation or interpersonal ag
gression. While direct gaze may increase positive affect in healthy in
dividuals (Hietanen, 2018), it may also lead to the perception of threat, 
particularly in individuals with SAD (Moukheiber et al., 2010;  
Schneier et al., 2011; Schulze et al., 2013). In line with this, individuals 

with SAD tend to avoid eye contact in real life settings (Schneier et al., 
2011), show atypical autonomic arousal to faces with direct gaze 
(Kleberg et al., 2019), and have altered functioning of brain networks 
involved in face processing (Frick et al., 2013; Gentili et al., 2016). Gaze 
avoidance may have cascading consequences leading to maintenance of 
SAD symptoms, since it reduces opportunities to participate in positive 
social interaction and to challenge maladaptive beliefs about one's ability 
to manage social interaction. A better understanding of responses to eye 
contact may be informative about the underlying causes of SAD, and 
potentially lead to the development of more effective treatments aiming 
at normalizing atypical attention (Mogg et al., 2017). 

Studies in humans and primates have suggested that a hard-wired 
network of brain regions, including the amygdala and superior tem
poral sulcus, trigger attention to others’ eyes (Itier and Batty, 2009;  
Spezio et al., 2007). Eye contact affects neural responses and in
formation processing already at a very short timescale. For example, 
electrophysiological studies show distinctive responses to eye contact 
within 200 ms (Nemrodov et al., 2014; Schwab and Schienle, 2017), 
and the mere presence of eyes triggers quick, involuntary gaze shifts 
(Adler and Orprecio, 2006; Kleberg et al., 2018) and amygdala re
sponses (Sato et al., 2016). A full understanding of gaze avoidance in 
SAD is therefore likely to require temporally precise measurements of 
responses to eye contact during early stages of processing. 
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So far, research about the mechanisms underlying atypical eye contact 
in child and adolescent SAD is limited. However, research in adults has led 
to the formulation of a number of hypotheses about disrupted attention 
processes in SAD. These theories have mainly been tested in studies that 
examined the relative allocation of attention to faces with threatening ex
pressions and various control stimuli, and not in relation to eye gaze pro
cessing specifically (e.g. Chen and Clarke, 2017; Chen et al., 2020). First, a 
pattern of enhanced attention to disorder relevant stimuli such as angry 
faces at early stages of exposure has been described (typically < 2 s;  
Bögels and Mansell, 2004). This bias to attend to socially threatening stimuli 
could be driven by vigilance, i.e. a strong tendency to search for, and orient 
to potential threats (Bögels and Mansell, 2004; Chen and Clarke, 2017;  
Horley et al., 2003), a process linked to enhanced reactivity in a largely 
subcortical brain network including the amygdala (Henderson et al., 2015). 
An alternative theory suggests that attentional bias to threat during the 
earliest time stages of processing is not characterized by vigilance, but by 
delayed disengagement (Fox et al., 2002; Heeren and Mcnally, 2016;  
Salemink et al., 2007), a process that could be driven by reduced attentional 
flexibility (Thorell et al., 2004; White et al., 2011) and impaired top-down 
regulation from dorsal prefrontal brain regions (Fu and Pérez-Edgar, 2018;  
Henderson et al., 2015; Cisler and Koster, 2010). While both the vigilance 
and the delayed disengagement theories predict enhanced attention to 
threat, they hypothesize different underlying mechanisms. 

Finally, it has been suggested that attention in SAD is characterized by 
avoidance, or reduced attention, to potential threats. Avoidance has been 
reported at a wide range of presentation times (Lisk et al., 2019; Chen and 
Clarke, 2017), although most consistently from around three seconds 
(Chen et al., 2020). According to the vigilance-avoidance hypothesis (e.g.  
Bögels and Mansell, 2004), attention in anxiety disorders has a biphasic 
time course with initial vigilance, followed by later avoidance. 

The competing accounts of biased attention in SAD implicate dif
ferent processes, but have been difficult to compare using methods with 
limited temporal resolution such as manual reaction time tasks 
(Bantin et al., 2016). Consequently, researchers have increasingly 
turned to methods with better temporal resolution, such as eye tracking 
(Chen and Clarke, 2017; Mueller et al., 2009). 

Existing research in child and adolescent SAD gives some support for 
both the theories of an initial attention bias to faces with threatening ex
pressions (e.g. Chen et al., 2020; Dudeney et al., 2015; Waters and 
Lau, 2017), and for avoidance (e.g. Chen et al., 2020; Lisk et al., 2019). 
However, the results are less consistent than in adults and only a small 
number of eye tracking studies have been conducted in child and adolescent 
SAD. Three studies reported vigilance for angry faces (Capriola-Hall et al., 
2020; Schmidtendorf et al., 2018; Seefeldt et al., 2014). In contrast, a recent 
study found evidence for a vigilant-avoidant pattern of attention in ado
lescents with SAD as well as in healthy controls (Högström et al., 2019). 

While the studies reviewed above have examined attention to angry 
faces compared to control stimuli, the literature about eye gaze pro
cessing is surprisingly scarce. As noted above, the eye region is highly 
important in multiple aspects of social interaction and understanding, 
and eyes with direct gaze may therefore constitute a particularly dis
order relevant stimulus in SAD. Eye-tracking studies in adult SAD have 
found evidence for a vigilant-avoidant attention pattern to others’ eyes 
(Boll et al., 2016; Horley et al., 2003; Chen et al., 2015; Weeks et al., 
2013), but the literature in child and adolescent populations is very 
limited. Kleberg et al. (2017) reported that a higher degree of social 
anxiety in an adolescent SAD sample predicted quicker reorienting from 
images of human eyes, i.e., avoidance. Keil et al. (2018) found that 
adolescents with SAD followed a hypervigilant-avoidant gaze pattern 
by orienting quicker to the eyes of images of faces, but also looking less 
at the eyes during later time stages, in line with adult findings. The 
majority of studies reporting atypical eye gaze processing in SAD did 
not find this effect to be modulated by emotional expression (Boll et al., 
2016; Keil et al., 2018; Weeks et al., 2013, but see Horley et al., 2003), 
which suggests that the eye region of others is a disorder relevant sti
mulus per se in SAD (Moukheiber et al., 2010; Schneier et al., 2011). 

A limitation of most studies is that participants initial point of gaze 
relative to the eye region was not systematically manipulated in a way 
that allows for independent measures of vigilance and delayed disen
gagement. Instead, stimuli have been presented so that participants 
always looked at a constant point at the center or the side of stimuli 
when they appeared (e.g. Horley et al., 2003; Keil et al., 2018;  
Kleberg et al., 2017; but see Boll et al., 2016). This means that gaze 
shifts to, or from the eyes were not independent of previous eye 
movements. An exception is the adult study by Boll et al. (2016), where 
participants were primed to look so that their point of gaze was either at 
the eye region or at the mouth region of faces as they appeared. In this 
study, adults with SAD were quicker than controls to orient to eyes 
(hypervigilance), but did not differ in the latency to orient from eyes. 

To sum up, the previous literature in SAD has suggested that the 
disorder may be characterized by three types of atypical attention to 
perceived threats – initial hypervigilance, delayed disengagement, and/ 
or later stage avoidance. Few studies have used experimental paradigms 
which can distinguish between these accounts with regards to attention 
to other's eyes. In addition, previous studies have mainly been con
ducted with adults, and sample sizes have been small. In the present 
study, we examined attention to direct gaze in the largest youth eye- 
tracking study to date. The aim was to differentiate between the vigi
lance, avoidance, and delayed disengagement accounts of atypical re
sponses to eye gaze in child and adolescent SAD. 

Hypotheses and preregistration 

If children and adolescents with SAD are vigilant to eyes with direct 
gaze, they should be 1) quicker; and 2) more likely to orient their gaze 
to the eyes when primed to look at the mouth as compared to healthy 
controls (hypothesis 1). 

If they are avoidant of eyes, they should be 1) quicker; and 2) more 
likely to reorient from the eyes when primed to look at them than 
controls (hypothesis 2). 

If children and adolescents with SAD are instead slower to disengage 
from eyes, they should look longer at the eyes before reorienting, and be 
less likely to reorient away from the eyes, than controls (hypothesis 3). 

All these hypotheses were tested. Whereas hypotheses 2 and 3 are 
mutually exclusive, both are in principle compatible with hypothesis 1. 
The hypotheses and the analysis plan were preregistered in the Open 
Science Framework (https://osf.io/c3xqr). We varied the emotional 
expression of the stimuli to examine the generalizability of the effects, 
but did not hypothesize specific effects of emotion. 

Because of the relatively wide age range of the participants (10–17), 
exploratory post hoc analyses were conducted to examine whether 
observed results were related to age. Moderating effects of comorbid 
conditions in the SAD group were also examined in exploratory ana
lyses that were not pre-registered. 

Method 

Participants 

The final sample included 147 individuals, of which 84 were 
treatment-seeking youth with SAD, and 62 were healthy controls. The 
SAD group was recruited from two clinical trials examining the efficacy 
of internet based cognitive behavioral therapy (CBT) for SAD. The ex
perimental paradigm was completed after the initial assessment, but 
before treatment onset. In the first cohort, 30 individuals with SAD 
were initially invited to participate in the study. Of these, 27 agreed and 
were tested. In the second cohort, 107 individuals with SAD were in
vited and 69 of these accepted to participate in the trial. Due to an 
equipment failure, all data from six individuals in the SAD group were 
missing. In addition, 12 participants were excluded due to a lack of 
valid data (see Data collection and processing). A principal diagnosis of 
SAD was confirmed by an experienced clinical psychologist using either 
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the Mini International Neuropsychiatric Interview (MINI-KID;  
Sheehan et al., 2010; first cohort), or the Anxiety Disorders Interview 
Schedule (ADIS; Silverman, 1996); second cohort). The assessor rated 
clinical severity in the first cohort using the Clinical Global Impression 
Scale-Severity (CGI-S; Guy, 1976), with scores ranging from 1 to 8, 
where higher scores indicate higher symptom severity. Symptom se
verity ratings in the second cohort were conducted using the Clinical 
Severity Rating (CSR) from the ADIS (Silverman, 1996) which ranges 
from 1 to 8 with a diagnostic cut off of four or above. Symptom severity 
ratings were also completed by participating children in both groups 
using the Social Phobia and Anxiety Inventory (SPAI; Beidel et al., 
2000; first cohort), or the child and adolescent version of the Liebowitz 
social anxiety scale (LSAS; Masia-Warner et al., 2003; second cohort). 
Self-ratings were missing for five children in the SAD group. Non-verbal 
cognitive ability was assessed using the Matrix Reasoning subtest from 
the Wechsler Intelligence Scale for Children, 5th Ed. (WISC-5;  
Wechsler, 2014) or the Wechsler Adult Intelligence Scale, 4th Ed. 
(WAIS-IV; Wechsler, 2008) depending on the child's age. This measure 
was missing for ten children in the SAD group. Demographic and 
clinical information is shown in Table 1. 

Comorbid diagnoses and medication status are shown in Table 2. In 
line with previous research (e.g. Mahommadi et al., 2020), relatively 
high rates of comorbidity with other mood and anxiety disorders were 
observed. Generalized anxiety disorder (GAD; n = 15), specific phobia 
(n = 13), and major depressive disorder (n =7) were the most common 
comorbid conditions. Exclusion criteria were the following: initiation or 
dose modification of psychotropic drug within the past six weeks, 
current psychosis, eating disorder, severe depression, suicidal behavior 
or other current severe mental disorder including autism spectrum 
disorder, or substance or alcohol abuse. 

Healthy controls were randomly selected from the Swedish tax 
registry and invited to participate in the study. In total, 65 individuals 
choose to participate and were included in the study. Twenty-four in
dividuals were recruited and tested using the same experimental setup 
as patient cohort 1, and 41 using the same setup as in cohort 2. All 
controls were assessed by a clinical psychologist using the MINI-KID to 
rule out presence of any psychiatric disorder or use of any psychotropic 
medication. One individual recruited to the control group had symp
toms of SAD according to the clinical interview, and was therefore 
excluded. No other participant in the control group had a psychiatric 
condition according to the clinical assessment. Five participants in the 
control group were excluded due to a lack of valid data (see Data col
lection and processing). As can be seen in Table 1, social anxiety levels 
were significantly higher in children with SAD than in controls in both 
cohorts, but no group differences were found in number of valid trials, 
non-verbal cognitive ability, age, or gender proportion. Over 90% of 
participants in both groups were born in Sweden and had two parents 
born within the European Union. 

Ethical approval 

The study was approved by the Stockholm regional research ethics 
committee (decision number 2017/1142-31/4). 

Experimental paradigm 

Stimuli were images of human adult faces from the Karolinska 
Directed Emotional Faces dataset (Flykt et al., 1998). The stimulus 
images were cropped to include only the inner region of the face to 
prevent participants attention from being drawn to idiosyncratic fea
tures outside the core regions of the face, such as hair and outer contour 
(see Fig. 1). The depicted actors (5 male, 5 female) displayed an angry, 
happy, or neutral facial expression. Each actor appeared an equal 
number of times displaying each emotion. The experimental paradigm 
included 60 trials, equally distributed between two conditions. Trials 
began with a fixation cross presented on a uniform gray background for 
1000 ms before the stimulus image appeared. In 50% of the trials, sti
mulus images were subsequently presented so that participants’ initial 
point of gaze was within the eye region. In the other 50% of the trials, 
stimuli were instead presented so that participants’ point of gaze was 
within the mouth. Stimulus images remained on screen for 1500 ms. 
Participants were asked to attend to the screen, but were not given any 
further instructions. The stimuli covered approximately 5.6o of the vi
sual field horizontally, and 13.9o vertically. 

Data collection and processing 

Stimuli were presented on a 17” monitor. Participants were seated 
at a distance of approximately 60 cm, and were instructed to attend to 
the stimuli, but not given any other instructions.Stimuli were presented 
interleaved with stimuli from other experiments, including faces, which 
are not analyzed here. 

Table 1 
Demographic information.         

SAD (n = 88) CONTROL (n = 62)   

M (SD) MIN-MAX M (SD) MIN-MAX P  

Sex (%Female) 77%  75%  .698 
Age 14.68 (1.89) 10.00–17.90 14.69 (2.05) 10.30–18.00 .994 
CSR 5 (0.97)1 4–7 – – – 
CGI-S 4.65 (0.75)2 4–6 – – – 
LSAS total score 80.50 (28.21) 3 24–136 19.10 (11.92) 4 2–47 <.001 
SPAI total score 34.52 (7.86)5 19.88–49.30 9.26 (8.15)6 0–27.93 <.001 
Matrix reasoning scaled score 10.45 (2.54)7 5–15 10.97 (2.89) 5–18 .263 
Valid trials      
Eyes primed 24.18 (4.94) 8–30 24.59 (4.45) 12–30 .601 
Mouth primed 21.59 (5.95) 8–30 22.57 (4.66) 10–30 .285 

CSR = Clinical Severity Scale; CGI-S = Clinical Global Impression – Severity; LSAS = Liebowitz social anxiety scale; SPAI = Social phobia and anxiety inventory; 1) 
n = 62; 2) n = 27; 3) n = 58: 4) n = 40; 5) n = 25; 6) n = 22; 5) n = 78 to 7) n = 78.  

Table 2 
Comorbid diagnoses and medication in the SAD group (n = 88).    

Diagnosis n  

Attention deficit/hyperactivity disorder (ADHD) 3 
Generalized anxiety disorder (GAD) 15 
Obsessive compulsive disorder (OCD) 2 
Major depressive disorder (MDD) 7 
Separation anxiety 2 
Specific phobia 13 
Drug  
SSRI 5 
Ritaline 3 
Melatonine 3 
Promethazine 1 
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Eye tracking data were recorded using a corneal reflection eye tracker at 
120 HZ. In cohort 1, a Tobii T120 (Tobii inc, Danderyd, Sweden) system was 
used. The equipment was changed to a Tobii X3-120 in cohort 2. Fixations 
were identified using an I-VT filter (Salvucci and Goldberg, 2000) im
plemented in MATLAB. Gaps in the data shorter than 100 ms were inter
polated. After this, the X- and Y-coordinates were smoothed using a moving 
average filter with a window size of four samples (~30 ms). Fixations were 
identified as periods of between-sample velocity below 30o/second for at 
least 50 ms. Subsequent fixations within 0.5° of the visual field were merged. 
Participants contributing less than eight valid trials (~25% of the total 
number of trials) for each primed region (n = 17, 12 with SAD) were ex
cluded. A minimum of eight valid trials was chosen as inclusion criterion in 
order to balance the risks of excluding valid data and of including potentially 
invalid recordings. However, results did not change when a range of other 
limits between 2 and 10 valid trials were applied. No differences in valid 
trials was observed between groups in any of the conditions (Table 2) or for 
any of the emotional expressions (all p > .25). Since the saccadic latency 
data were positively skewed, outlier values defined as >1.5 times the in
terquartile range (3% of the trials) in each condition were excluded. 

Statistical analysis and dependent variables 

The dependent variables were 1) the latency to orient to the eyes when 
primed to the mouth; 2) the latency to orient away from the eyes and to the 
mouth; 3) the proportion of trials during which a gaze shift to the eyes was 
registered, when participants were primed to the mouth; and 4) the pro
portion of trials with a gaze shift to the mouth (i.e., away from the eyes) when 
the eyes were primed. Trials were discarded if the gaze was not within the 
primed region when the stimulus image appeared. Preliminary analyses 
showed that the latency to reorient from the primed region to the non-primed 
area was highly correlated with the latency to reorient anywhere (r = 0.874; 
p <.0001), suggesting that first fixations outside the eyes or mouth were very 
rare. In line with previous studies (e.g. Kliemann et al., 2012 ) we therefore 
examined the latency to orient from the primed facial region to the non- 
primed region, rather than the latency to reorient to any location. 

Data were analyzed using linear mixed effects models with random 
intercepts for individual (equal to treating multiple observations from the 
same individual as repeated measures) and random slope for condition 
(the effect of experimental condition nested within individuals). The sta
tistical significance of fixed effects was tested by comparing a model in
cluding the effect in question to a model without it using likelihood ratio 
tests (LRT; Baayen et al., 2008). This approach is more robust to type I and 
type II errors than traditional analyses of variance (ANOVAs) in experi
mental data with multiple trials per individual (Baayen et al., 2008). 
Statistical analyses were conducted in MATLAB version 2019a (Math
works, Inc.) and R version 3.5.2 (R Development Core Team et al., 2015). 
The alpha level was set to 0.05. Bonferroni corrected p-values are reported 

for follow-up tests. Unstandardized effect sizes (b) are reported for all 
reported effects. Differences between categorical variables are expressed 
as the standard effect size d for mixed effects models, calculated as the 
difference in estimated marginal means divided by the square root of the 
pooled variance of the fixed and random effects according to procedures 
described by Westfall et al. (2014). This effect size is conceptually similar 
to Cohens d, although the absolute values are typically lower since var
iance in both fixed and random effects are accounted for. 

Power analysis 

A power analysis was conducted using the SIMR (Green and 
Macleod, 2016) package in R version 3.5.2 (R Development Core Team 
et al., 2015). Based on this power analysis, the study had above 80% 
power to detect between- and within group effects equivalent to d = 0.3 
or higher in the analyses related to the pre-registered hypotheses. This is 
equal to the effect sizes found in previous meta-analyses of eye tracking 
studies in child and adolescent anxiety disorders (Lisk et al., 2019). 

Results 

Preliminary analyses 

No main effect of cohort, or interaction effect between cohort and 
primed region were found in either of the two groups (all p >.25). 

Main analyses 

Latency to first gaze shifts. Results are shown in Table 3, Fig. 2, and 
summarized here. 

Effects of primed region. Participants shifted their gaze slower from the 
eyes than from the mouth. This effect was significant in both groups. 

Effects of group: A main effect of group was found, driven by slower 
gaze shifts in the SAD group (χ2 = 5.70, p = .017). There was also a 
significant interaction effect between group and primed region 
(χ2 = 3.97 p = .046), driven by a stronger effect of primed region in the 
SAD group (longer relative latencies from the eyes than from the mouth). 

Bonferroni corrected follow-up tests were conducted to address the 
three hypotheses. 

Hypothesis 1: Children with SAD and controls did not differ in the 
latency to orient to eyes when primed to the mouth (χ2 = 0.02, p 
>.50), contradicting the vigilance hypothesis (hypothesis 1). 

Hypothesis 2–3: Children with SAD were slower to orient their gaze 
from eyes than healthy controls (χ2 = 5.65, p = 0.034), a finding that 
supports the delayed disengagement hypothesis (hypothesis 3), but is the 
opposite of what would be predicted under the avoidance hypothesis 
(hypothesis 2). In an exploratory analysis, we tested whether the group 
difference in latency to orient from eyes was modulated by age by 
adding a fixed effect of age and a group × age interaction to the model. 
No main effect of age (χ2 = 2.24, p = .135) or group × age interaction 
were found (χ2 = 0.61, p = .435). Further exploratory analyses 
showed no differences between SAD participants with and without 
GAD, or with and without depression in latency from eyes (all p >.25). 

Effects of emotion. Significant main effects of emotion were found in 
both conditions. Bonferroni corrected follow-up analyses showed that 
participants were slower to orient from the mouth to the eyes of happy, 
compared to neutral or angry faces. They were also faster to orient 
away from the eyes and towards the mouth of happy compared to 
neutral and angry faces. No other effects were significant. 

Proportion of gaze shifts away from eyes and mouth 

Results are shown in Table 4, and summarized here. As can be seen, 
no main or interaction effects involving group were found. Participants 
were more likely to shift their gaze from the mouth to the eyes, than vice 
versa (χ2 = 314.46, p <.001).There was also a significant effect of 

Fig. 1. Overview of the experiment. In 50% of trials (A), a fixation cross pre
sented for 1500 ms was followed by an image of a face with the eyes aligned to 
the fixation cross. On 50% of the trials (B), the face was instead presented with 
the mouth in the position of the fixation cross. The position of the fixation cross 
is shown on the stimulus images for illustrative purposes, but did not remain on 
screen after the onset of the stimulus images. 
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emotion (χ2 = 7.13, p =.028), and an interaction effect between emo
tion and primed region (χ2 = 16.58, p <.001). Follow-up tests showed 
that gaze shifts from the eyes and towards the mouth were more likely 
for happy and angry than from neutral faces, with no difference found 
between happy and angry faces. Gaze shifts from the mouth and towards 
the eyes were in turn more likely neutral than for happy faces. 

Discussion 

We tested three competing hypotheses about visual attention to 
others eyes in children and adolescent SAD in the largest eye- tracking 

study to date. Treatment-seeking children and adolescents with SAD 
were slower to reorient from eyes than healthy controls in line with the 
delayed disengagement hypothesis, but contradicting the avoidance hy
pothesis. We did not find evidence for the hypothesis of initial hypervi
gilance, since children with SAD and healthy controls were equally quick 
and likely to orient towards eyes. These results are discussed in turn. 

Delayed disengagement from eyes in child and adolescent SAD 

Our results point to delayed disengagement from eyes as a marker of 
child and adolescent SAD. As pointed out in the introduction, studies in 
adults with anxiety disorders have suggested that delayed or impaired 
disengagement from threat contributes to symptom maintenance 
(Cisler and Koster, 2011; Fox et al., 2002). Possible underlying me
chanisms are inhibited attentional flexibility in the presence of threat, 

Table 3 
Results from mixed effects models of latency to first gaze shift to, and away 
from eyes.        

Effect χ2 P b SE d  

All trials (eyes or mouth primed) 
Group (SAD > control) 5.70 .017* 32.25 13.40 0.14 
Emotion (angry vs. happy vs. 

neutral) 
2.42 .297    

Primed region (Eyes > Mouth) 168.00 <.001*** 334.44 19.18 1.41 
Group × Primed region 3.97 .046* 76.96 38.36  
Group × Emotion 0.81 .666    
Group × Emotion × Primed 

region 
0.25 .883    

Emotion × Primed region 38.08 <.001***    
Eyes primed condition 
Group (SAD > Control)a 5.65 .034* 76.26 31.76 0.25 
Emotion (main effect) 19.00 <.001***    
Happy < Neutralb 11.58 .003** 60.89 17.07 0.20 
Happy < Angryb 6.74 .027* 42.39 15.84 0.14 
Neutral > Angryb 0.79 >.50 14.74 16.10 0.05 
Mouth primed condition 
Groupa 0.02 >.50 −1.82 12.97 0.01 
Emotion 21.56 <.001***    
Happy > Neutralb 17.50 <.001***,b 24.79 5.57 0.20 
Happy > Angryb 13.67 .003b 21.51 5.52 0.17 
Angry > Neutralb 0.57 >.50b 4.35 5.73 0.04 

*** p <.001; ** p <.01; * p <.05. 
a Bonferroni corrected for two comparisons. 
b Bonferroni corrected for three comparisons.  

Fig. 2. A. Mean latencies to orient from eyes 
(left) and to eyes (right) with 95% confidence 
intervals. B,C. Probability of fixation outside 
the eyes (eyes primed condition; B) and at the 
eyes (mouth primed condition; C) as a function 
of time (ms) in the SAD and control group. 
Curves show means of all valid gaze points. 
Shaded areas cover 95% confidence intervals. 

Table 4 
Results from mixed effects models of the proportion of gaze shifts to, and away 
from eyes.        

Effect χ2 P b SE d  

All trials (eyes or mouth primed) 
Group 1.84 .175 0.04 0.03 0.15 
Emotion 7.13 .028*    
Primed region 314.46 <.001*** 0.30 0.02 1.26 
Group × Primed region 1.34 .247 0.04 0.03  
Group × Emotion 0.19 .911    
Group × Emotion × Primed region 0.01 .993    
Emotion × Primed region 16.58 .001**    
Eyes primed condition 
Emotion 33.93 <.001***    
Happy > Neutralǂ 32.62 <.001*** 0.12 0.02 0.41 
Happy >Angryǂ 1.84 >.50 0.03 0.02 0.10 
Angry > Neutralǂ 17.07 <.001*** 0.09 0.02 0.34 
Mouth primed condition 
Emotion 8.77 .013* 0.03 0.01 0.19 
Neutral > Happyǂ 6.97 .024* 0.03 0.01 0.20 
Angry > Happyǂ 4.84 .084 0.03 0.01 0.19 
Neutral > Angryǂ 0.03 >.50 <0.01 0.01 0.01 

ǂ Bonferroni corrected for three comparisons; *** p <.001; ** p <.01; * p 
<.05.  
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or prolonged monitoring of aversive stimuli (Lau and Waters, 2017;  
Schmidtendorf et al., 2018). Difficulties with attentional disengagement 
from others eyes could potentially lead to an increase in arousal, that in 
turn exacerbates negative feelings associated with eye contact and so
cial interaction. It is also possible that prolonged monitoring of other's 
eyes could cause children with SAD to miss out on other aspects the 
social environment and thereby lead to social interaction difficulties. 

These results are strengthened by the fact that we utilized an ex
perimental paradigm that allowed for independent measures of disen
gagement and orienting during the earliest stages of the visual scanpath. 

The vigilance hypotheses 

In contrast to disengagement, orienting to eyes (social orienting) was 
highly typical in children with SAD. Our results do therefore not give 
support to the vigilance hypothesis, at least not for eyes with direct gaze, 
a stimulus typically perceived as threatening in SAD (Moukheiber et al., 
2010). As noted in the introduction, a number of studies in children 
found evidence for vigilance towards angry faces when they were pre
sented with other stimuli (Capriola-Hall et al., 2020;  
Schmidtendorf et al., 2018; Seefeldt et al., 2014; but see Högström et al., 
2019). Our study suggest that this pattern of hypervigilance is not 
characteristic of how children with SAD attend to others eyes. 

Two previous studies in adults (Boll et al., 2016) and adolescents 
(Keil et al., 2018) reported initial hypervigilance for eyes in experi
mental paradigms that were able to separate the earliest gaze shifts 
from later aspects of the scanpath. The differences between these results 
and the present study may be related to age, since our sample was 
younger. The fact that a typical tendency to orient to eyes was found in 
SAD can also be contrasted with autism spectrum disorder, which has 
been linked to atypical social orienting in the other direction – i.e. a 
reduced tendency to spontaneously seek eye contact (Kleberg et al., 
2017; Kliemann et al., 2012). 

The lack of evidence for avoidance contradict previous studies in 
adult samples with SAD (Boll et al., 2016; Horley et al., 2003;  
Weeks et al., 2013). It should be noted that most studies reporting evi
dence for avoidance studied attention to eyes during longer presentation 
times (e.g. Chen et al., 2020). Therefore, while the present study did not 
find evidence for avoidance of eyes with direct gaze at the time scale 
studied, it is still possible that avoidance would be seen during extended 
time periods (Chen and Clarke, 2017; Chen et al., 2015). A limitation of 
the present study is that patients were only seen after the development of 
SAD symptoms, meaning that etiological models of SAD (e.g., Rapee and 
Spence, 2004) could not be directly tested. 

In line with adult studies of SAD (e.g. Horley et al., 2003), facial 
emotion led to similar effects in both groups – i.e. faster orienting to the 
mouth of happy faces, and to the eyes of angry faces. These effects are 
commonly found in face perception research, and are likely to be driven 
by differences in relative salience of these regions between emotions 
(Fox and Damjanovic, 2006; Rossion, 2009). The lack of group differ
ences in the effects of emotion is consistent with the theory that direct 
gaze can be an aversive stimulus for children with SAD, independent of 
emotional expression (e.g. Moukheiber et al., 2010; Weeks et al., 2013). 

Child and adolescent SAD is commonly comorbid with other mood and 
anxiety disorders, and the comorbidity rates in the current study are lar
gely consistent with existing prevalence estimates in clinical populations 
(Mahommadi et al., 2020). While this suggests that the studied sample was 
representative, it also means that the results may not be specific for SAD. A 
limitation is that we were not able to compare children with SAD to groups 
with other conditions commonly co-occurring with SAD such as depres
sion and other anxiety disorders. Symptoms of the two most common 
comorbid conditions (GAD and depression) were not related to latency to 
reorient form the eyes in the present study. However, given the relatively 
small groups with comorbidity, power in these analyses were low. An 
additional limitation is that the clinical assessments were conducted using 
different instruments in the two cohorts. 

Future studies are also needed to directly test the relations between the 
current findings and everyday behavior in more naturalistic setting or in 
anxiety provoking situations. Finally, it should be noted that more re
search is needed to determine whether the observed results generalize 
from treatment-seeking individuals with SAD to the population as a whole. 

Despite these limitations, the present study contributes to our un
derstanding by testing influential hypotheses about social attention in 
SAD in the largest child and adolescent sample to date. 

The findings of the present study have potential consequences for 
everyday behavior of those affected by social anxiety. It is possible that 
an impaired ability to flexibly shift attention from others’ eyes leads to 
increased anxiety when eye contact is unavoidable. In real life settings, 
this could contribute to a tendency to avoid situations in which eye 
contact is likely to occur (Price et al., 2016). Attention training has been 
attempted as treatment for anxiety disorders, but the efficacy of these 
approaches is under discussion (Mogg et al., 2017). Our results suggest 
that training in flexible shifting of attention could be a feasible treat
ment goal for child and adolescent SAD. 
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