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Abstract
During adolescence, youth may experience heightened attention bias to socially relevant stimuli; however, it is unclear if 
attention bias toward social threat may be exacerbated for adolescents with a history of anxiety. This study evaluated atten-
tional bias during the Chatroom-Interact task with 25 adolescents with a history of anxiety (18F, Mage = 13.6) and 22 healthy 
adolescents (13F, Mage = 13.8). In this task, participants received feedback from fictional, virtual peers who either chose them 
(acceptance) or rejected them (rejection). Overall, participants were faster to orient toward and spent longer time dwelling on 
their own picture after both rejection and acceptance compared to non-feedback cues. Social feedback was associated with 
greater pupillary reactivity, an index of cognitive and emotional neural processing, compared to non-feedback cues. During 
acceptance feedback (but not during rejection feedback), anxious youth displayed greater pupil response compared to healthy 
youth, suggesting that positive feedback from peers may differentially influence youth with a history of an anxiety disorder.
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Introduction

Anxiety is one of the most common problems in children 
and adolescents, with an estimated 15–20% of youth meeting 
criteria for an anxiety disorder [1]. In childhood and adoles-
cence, anxiety disorders are often associated with both aca-
demic and social impairment [2]. Although psychotherapeu-
tic treatments are considered efficacious for anxious youth, 
about 40% of anxious youth do not adequately respond to 
treatment [3] and many relapse following treatment [4]. 

Consequently, many previously-treated anxious youth still 
experience significant levels of anxiety and are still at ele-
vated risk for recurrence relative to the general population. 
Examining how previously-treated anxious youth may differ 
from youth without a history of an anxiety disorder could 
uncover potential treatment targets that existing interven-
tions may not address.

Cognitive Models of Anxiety Disorders

Cognitive models of anxiety have implicated biases occur-
ring in multiple stages of information processing in the 
acquisition and maintenance of anxiety; however, most anxi-
ety research focuses on biases in attention [5, 6]. Broadly, 
information processing refers to the steps by which informa-
tion is relayed through cognitive processes such as attention, 
memory, and interpretation [7]. Cognitive biases arise when 
individuals’ information processing systematically favors or 
preferentially processes certain types of information. Many 
information-processing models of anxiety disorders consider 
cognitive biases to occur both automatically and strategically 
during information processing [5, 8–10].

According to Beck and Clark’s cognitive model, cogni-
tive biases (i.e., in attention, memory, and interpretation) 
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are theorized to contribute to the onset of anxiety disorders 
and, thus, are often considered to be targets for treatment. 
While there is strong evidence for biased attention toward 
threat in anxiety disorders [8], there is less support for other 
types of cognitive biases (e.g., memory) in anxiety disor-
ders [9]. Additionally, attention biases have been implicated 
in downstream dysfunctional information processing (e.g., 
negative interpretation bias) in individuals with anxiety dis-
orders, further demonstrating their importance in cognitive 
models of anxiety [5, 11]. While biased attentional processes 
have been implicated in the etiology and maintenance of 
anxiety disorders for decades [12, 13], there are conflicting 
findings about the direction of attention biases in anxiety, 
particularly in children [14]. Generally, attention biases are 
assessed using paradigms that lack ecological validity (i.e., 
computer paradigms that use adult faces), particularly for 
studying child and adolescent populations [15]. Paradigms 
that tap into every day social processes occurring in adoles-
cence may better mimic real-world attentional processing 
and serve to validate existing models of attention bias in 
anxiety.

Attentional Models

The hypervigilance model of attention suggests that indi-
viduals with anxiety more easily detect threat in the environ-
ment and more quickly orient their attention toward threat 
compared to individuals without anxiety [5]. A meta-ana-
lytic review has shown that clinically anxious adults display 
hypervigilance toward external threatening stimuli com-
pared to non-anxious adults during initial, automatic stages 
of processing [8]; however a recent meta-analysis showed 
that clinically anxious adults do not exhibit such bias across 
studies that examined adults before receiving an interven-
tion designed to target attention biases [16]. While there are 
equivocal findings when studying attention bias in children 
and adolescents, studies generally reveal that anxious youth 
display an attention bias toward threat compared to non-
anxious youth [8, 17]; however, it is unclear if the bias is 
occuring at the initial orienting stage of attention or later in 
attentional processing.

Although most research on attention bias has focused on 
initial orienting of attention, shifting of attention after ori-
entation is also an important process that could be altered 
in youth with anxiety [18]. Both the vigilance-avoidance 
model [11] and the attention-maintenance model [19] have 
been purported to characterize anxious individuals’ pattern 
of attention toward threatening stimuli beyond the initial 
orienting stage. While the vigilance-avoidance model pre-
dicts that attention is initially directed quickly to threat and 
later is directed away from threat, the attention-maintenance 
model predicts that once attention is directed toward threat-
ening stimuli, it takes longer to look away due to difficulty 

disengaging attention from threat. This model suggests that 
there may be a sustained form of biased processing occur-
ring in anxious individuals. Similar to pediatric work on the 
hypervigilance model described above, the limited research 
conducted in anxious and healthy youth populations has 
found mixed results for both models when assessing the time 
course of attention. While one eye-tracking task in a sample 
of youth (aged 8–13) with separation anxiety disorder has 
tenuously supported the vigilance-avoidance model [20], 
other research has only shown support for the hypervigilance 
model (i.e., no evidence of anxious youth being significantly 
more avoidant than non-anxious youth at later stages) using 
eye-tracking studies [21–24] in samples of both children and 
adolescents.

Several studies have examined if problematic attention 
biases are reduced following psychotherapy intervention. 
While multiple studies have shown that attention biases 
toward threat are reduced following psychotherapeutic inter-
ventions in adults [25–27], studies of treated youth have not 
demonstrated that attention biases are ameliorated following 
therapy [28, 29]. Therefore, psychotherapy may not suffi-
ciently mitigate attention biases to threat in anxious youth, 
which could leave treated anxious youth at risk for future 
psychopathology.

Limitations of Attention Bias Research in Youth

Discrepancies in findings in research on anxious youth may 
be due to limitations in the attention bias literature, most 
notably that research on attention biases in youth relies pri-
marily on computer paradigms that tend to use static, adult 
faces. Given that adolescence is often characterized as a 
period of heightened sensitivity to peer relationships [30], 
researchers have recently begun to examine how anxious 
youth respond to more realistic social feedback from their 
own peers. However, these ecologically valid paradigms 
have not yet been incorporated into attention bias research. 
Ecologically valid paradigms can help us better understand 
attentional and emotional processing of peer feedback, which 
is of particular importance in adolescence. The developmen-
tal stage of adolescence is marked by an increased amount 
of time spent with peers [31] and a rise in peer rejection, 
due to more volatile relationships occurring during this life-
stage [32]. Anxious adolescents are particularly vulnerable, 
given that they are at an increased risk for having poorer 
peer relations and experiencing peer victimization [33, 34]. 
Therefore, studying cognitive processes using ecologically 
valid peer evaluation stimuli may provide us with greater 
insight into how anxious and healthy youth differ in atten-
tion to real-life threatening and rewarding stimuli, such as 
rejection or acceptance by peers. Thus, for the social threat 
stimulus in this study, we used participants own photo with 
a large “X” superimposed, which signifies being rejected 
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by a peer. By using the participant’s own photo rather than 
a photo of adult strangers, as previous research on attention 
bias has used, we aimed to enhance the ecological valid-
ity of attention bias tasks. Although viewing an image of 
yourself after being accepted or rejected by a peer differs 
in important ways from threat embodied in unknown happy 
and angry faces, it does capture a similar valence bias in 
attentional processing. Therefore, in order to integrate the 
results from this study with the wider threat bias literature 
we will consider self-viewing after rejection and acceptance 
as similar to social threat and reward bias.

While most researchers studying attention have used reac-
tion time indices to assess attention allocation, critics have 
pointed out that manual reaction time studies do not deline-
ate the true time course of attention, due to the time that 
it takes to enact the motor coordination needed to make a 
manual hand response [35]. Eye movements are guided by 
selective attention shifts [36], making them a more proxi-
mal measure of attention than manual, motor responses. 
Eye-tracking technology allows for measurement of overt, 
visual attention over the course of seconds. Furthermore, 
eye-tracking indices on attention tasks have been shown to 
more reliably measure attention bias compared to standard 
reaction time measures [37]. For these reasons, the current 
study used eye-tracking methodology to compute initial time 
to fixate and duration of time spent on socially-threatening 
stimuli, the participant’s own, crossed out face.

Pupillary Measurement

The present study utilized pupillary measurements as an 
additional assessment of cognitive and affective processing. 
The pupillary response is a temporally sensitive physiologi-
cal measure that is thought to index overall cognitive load, 
including both emotional and cognitive processing [38] and 
is thought to capture sustained neural attention biases [39]. 
Pupil dilation has been shown to be associated with neural 
activation related to emotional reactivity (i.e. amygdala) as 
well as cognitive control (i.e. prefrontal cortex) [40, 41]. 
The pupil becomes increasingly dilated during tasks that 
require greater cognitive load or increased emotional inten-
sity [41–43]. Pupil dilation has thus been used as a proxy 
for neural activity in brain regions subserving cognitive and 
emotional information processing, conveying information 
on both the time-course and magnitude of neural responses 
[44]. For example, after viewing negative, personally-
relevant stimuli, adults with depression showed a greater 
sustained increase in pupil dilation compared to individuals 
without depression, suggesting that pupil dilation may index 
preservative forms of negative self-focused attention, such 
as rumination [38].

Examining pupil dilation after the presentation of nega-
tive social stimuli can provide complementary information 

on attentional processing in youth, providing a richer under-
standing of the intensity and time-course of neural engage-
ment in the context of threatening stimuli. Recent research 
has demonstrated that anxious and healthy adolescents 
differ in their neural responses to peer rejection and peer 
acceptance. In a task similar to the current study, clinically 
anxious adolescents had heightened amygdala-hippocampal 
activation following peer rejection compared to non-anxious 
adolescents, but no differences between groups during peer 
acceptance feedback [45]. In another study, adolescents 
identified as having a stable, behaviorally inhibited tempera-
ment, a known risk factor for social anxiety disorder, had a 
blunted striatal response to peer acceptance compared to 
peers without a behaviorally inhibited temperament [46]. 
Thus, while there is evidence that youth at high-risk for 
anxiety and currently anxious youth have differing neural 
responses to peer feedback, it is unknown whether there are 
attentional alterations underlying these differences in neu-
ral responses. The goals of the study were to examine how 
youth with a history of anxiety and healthy youth vary in 
both their attentional and pupillary response—a peripheral 
index of neural activity—to socially threatening stimuli.

Researchers have begun to study eye-tracking and pupil-
lary reactivity to peer rejection and acceptance in healthy 
youth. Silk et al. [47] collected eye-tracking and pupillom-
etry measures in healthy youth (aged 9–17) to understand 
cognitive and emotional responses to social feedback using 
the same task that was used in the present study, the Chat-
room-Interact task. In this task, youth are sometimes chosen 
(i.e. “accepted”) by fictional peers to talk about a common 
teen interest (e.g., music, TV), and sometimes not chosen 
(i.e. “rejected”). The researchers found that when healthy 
youth were accepted, they tended to focus on a picture of 
themselves for the duration of the trial. However, when 
they were rejected (as indicated by a large gray “X” through 
their self-photo), healthy youth avoided looking at their 
self-photo. For youth, viewing their self-photo after being 
rejected by a peer may be associated with negative emotion 
and social ‘threat’ and disengaging attention away from the 
threat may be protective. Therefore, the self-photo acts as 
either social threat or social reward, depending on the con-
text. Furthermore, healthy youth who reported lower levels 
of closeness and connection during real-world social interac-
tions with peers were more likely to have greater pupillary 
response in the wake of rejection, suggesting that youths’ 
rejection sensitivity may be related to reduced feelings of 
social connectedness.

Present Study

The goal of the current study was to use eye-tracking and 
pupillary measures during the Chatroom-Interact task to 
examine vigilance to and later avoidance or disengagement 
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from social threat in youth with a history of anxiety and 
non-anxious youth. Anxious youth were treated for anxi-
ety 2 years prior to the current study with either cognitive-
behavioral therapy (CBT) or a supportive child-centered 
therapy (CCT). Although all anxious youth received treat-
ment, there remained significant variability in levels of 
anxiety at the time of the present study (refer to Table 1). 
For all youth, we predicted that rejection feedback would 
capture attention; however, we expected the response to be 
modulated by a history of an anxiety disorder. Specifically, 
we expected that previously-treated anxious youth would 
be faster to orient to their socially threatening, self-focused 
stimuli relative to non-anxious youth. Due to lack of evi-
dence for either the delayed disengagement model or vig-
ilance-avoidance model, we did not hypothesize a specific 
direction of attention bias after the initial allocation of atten-
tion. Additionally, we expected that youth with a history of 
anxiety disorder or current anxiety disorder would display 
greater pupil-dilation in the wake of rejection compared 
to non-anxious youth, as they may experience increased 
rejection sensitivity [48] and thus have to recruit more neu-
ral resources to disengage their attention following rejec-
tion. Exploratory eye-tracking analyses were conducted to 
examine if results were specific to rejection feedback, or 
if they generalized to positive evaluative feedback, such as 
acceptance feedback. Finally, to replicate previous attention 

research by Silk et al. [47] using this paradigm in healthy 
youth, we compared rejection trials to acceptance trials 
across attention and pupillary indices. In line with previous 
research, we expected that youth would spend longer looking 
at their self-photo when accepted compared to when they 
were rejected and have greater pupillary response following 
rejection than compared to following acceptance by peers.

Methods

Participants

Participants were 28 youth with anxiety disorders whom, 
2-years prior to the present study, completed a psycho-
therapy treatment through a randomized controlled trial 
at the University of Pittsburgh (see [49, 50] for full study 
procedures), and 27 healthy youth with no lifetime psy-
chological disorders. Participants ranged in age from 11 
to 16 years at the time of the present study. They were 
previously recruited for the original study through radio, 
television, and newspaper advertisements, and referrals 
from pediatricians, school counselors, and mental health 
clinics. At the pre-treatment time-point, all anxious par-
ticipants met DSM-IV diagnostic criteria for generalized 
anxiety disorder, social phobia, and/or separation anxiety 

Table 1   Sample characteristics

All values in parentheses are standard errors of the mean unless otherwise indicated. Measures: 
CBT = cognitive behavioral therapy; CCT = child-centered therapy; MFQ = mood and feelings question-
naire; SCARED-C = self report for childhood anxiety related disorders, child version
*p < 0.05, **p < 0.001

Demographics Anxious
n = 22

Healthy
n = 25

T test/Chi Square

Pre-treatment
 Female (%) 18 (82) 13 (52) 4.63*
 White (%) 20 (91) 17 (68) 0.35
 Age in years (SEM) 11.18 (0.27) 11.20 (0.34) 0.06
 SES (SEM) $78,000 (5975) $61,727 (7993) 1.61
 CBT (%) 18 (82) 0 (0) –
 CCT (%) 4 (18) 0 (0) –
 MFQ (SEM) 19.10 (2.61) 2.30 (0.48) 6.76**
 SCARED-C (SEM) 38.68 (2.40) 12.01 (3) 6.95**

Post-treatment
 Age in years (SEM) 11.58 (0.26) 11.63 (0.36) 0.12
 MFQ (SEM) 7.00 (1.70) 2.74 (0.78) 2.48*
 SCARED-C (SEM) 19.83 (3.47) 5.14 (1.04) 4.39**
 Anxiety diagnosis (%) 5 (23) 0 (0) –

2 year follow-up
 Age in years (SEM) 13.63 (0.26) 13.78 (0.34) 0.33
 MFQ (SEM) 7.00 (1.70) 2.74 (0.78) 2.48*
 SCARED-C (SEM) 19.83 (3.47) 5.14 (1.04) 4.39**
 Anxiety diagnosis (%) 5 (23) 0 (0) –
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disorder as determined by the Kiddie-Schedule for Affec-
tive Disorders and Schizophrenia—Present and Lifetime 
version (K-SADS-PL) [51]. Healthy participants met no 
DSM-IV diagnostic criteria for any psychiatric disorder.

At the pre-treatment time-point, exclusion criteria for 
all participants included a current primary diagnosis of 
major depressive disorder, a current diagnosis of obses-
sive–compulsive disorder, post-traumatic stress disor-
der, conduct disorder, substance abuse or dependence, 
attention deficit hyperactivity disorder combined type 
or predominantly hyperactive-impulsive type, evidence 
of an autism spectrum disorder, or a lifetime diagnosis 
of bipolar disorder, psychotic depression, schizophre-
nia, or schizoaffective disorder. Exclusion criteria at the 
pre-treatment time-point also included an IQ below 70 
as assessed by the Wechsler Abbreviated Scale of Intel-
ligence [52], use of psychoactive medications, acute sui-
cidality or risk for harm to self or others, and, because 
the larger study included a functional magnetic resonance 
imaging (fMRI) scan, presence of metal braces or other 
metal objects in their body or history of serious head 
injury. Finally, participants were excluded from the study 
if they had problems with their eyes or difficulties in 
vision not corrected by the use of contacts or glasses at 
pre-treatment and at time of the current study.

At time of the current study, five anxious participants 
met full criteria for a current anxiety disorder, one par-
ticipant met criteria for combined-type attention deficit 
hyperactivity disorder (ADHD), and 16 previously-treated 
anxious participants met no current DSM-IV diagnostic 
criteria. Healthy participants continued to not meet DSM-
IV diagnostic criteria for any psychological disorder.

Procedure

The study was approved by the University of Pittsburgh’s 
Institutional Review Board. At the pre-treatment time-
point, all participants were scheduled for an assessment 
during which a master’s level interviewer administered 
the K-SADS-PL and questionnaires to the child and his/
her primary caregiver. Anxious youth were subsequently 
randomized to treatment, with a 2:1 ratio for assignment 
to CBT versus CCT (see [3] for pre-treatment and therapy 
procedures). There remained a range of anxious symp-
toms at the present time point (2 years after treatment) 
using clinician report, child self-report, or parent-report 
(refer to Table 1). The K-SADS-PL and questionnaires 
were re-administered at the time-point of the current 
assessment, a 2-year follow-up. Participants also com-
pleted the Chatroom-Interact task at the time of the cur-
rent assessment.

Measures

Diagnostic Assessment

On their first pre-treatment visit, each youth and his or her 
parent(s) were interviewed using the KSADS-PL. Parents 
and youth were interviewed separately, with interviewers 
integrating data from both informants to determine the 
final diagnosis. All in-terviews were carried out by trained 
master’s level clinicians. The results of the interview were 
presented at a consensus case conference with a child psy-
chiatrist, who reviewed the findings and preliminary diag-
nosis and provided a final diagnosis based on DSM-IV 
[53] criteria. Inter-rater reliability was calculated for 16% 
of interviews. Reliability for anxiety diagnoses was high 
(Kappa = 0.97). The K-SADS-PL was administered again 
at post-treatment, 1, and 2-year follow-up by master’s level 
clinicians.

Screen for Child Anxiety Related Emotional 
Disorders

Anxiety severity was assessed at pre-treatment and at 2-year 
follow-up using the Screen for Child Anxiety Related Emo-
tional Disorders, Child (SCARED-C) versions [54]. The 
full-scale, self-report measure assessed DSM-IV symptoms 
of panic, separation anxiety disorder, social phobia, general-
ized anxiety disorder, and school refusal. It has been dem-
onstrated to have good psychometric properties in clinical 
[55] and community samples [56], and exhibited excellent 
internal consistency in the current sample; α = 0.93).

Pupil and Eye‑Tracking Assessment

Participants sat approximately 68 cm from the monitor 
to complete the Chatroom-Interact task, which was pro-
grammed using Eprime software (Psychology Software 
Tools, Inc). Eye-tracking and pupil data were collected using 
a table-mounted RK-464 eye-tracker, which consisted of a 
video camera and infrared light source pointed at partici-
pants’ eyes and a device that tracked location and size of the 
pupil. These data were recorded at 60 Hz (every 16.7 ms) 
and circulated digitally from the eye-tracker to a computer 
that accumulated the acquired data. Participants completed 
a nine-point calibration procedure before beginning the 
Chatroom-Interact task.

Chatroom‑Interact Task

The Chatroom-Interact task was designed by Silk et al. [47] 
to examine reactions to social acceptance and rejection from 
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virtual peers in an online setting. The task consisted of two 
phases on two separate days at the 2-year follow-up. On the 
first day, participants were told they would interact online 
with several youth their own age at remote sites on their next 
lab visit. Participants were asked to view the smiling photos 
and standardized biographical profiles of the age-matched 
youth (virtual peers) they would have the potential to meet 
virtually. The photos of virtual peers were of child actors 
and/or youth residing in a different state who had consented 
to be photographed by a photographer. Participants were 
asked to pick the top five youth of the same sex that they 
would be interested in meeting, based on the photos and 
biographical profiles they viewed. Participants were asked 
to complete their own biographical profile by filling out a 
questionnaire and to have their photo taken so that the other 
virtual participants at the remote locations could review their 
profile and see their picture.

Approximately 2 weeks after the diagnostic assessment 
at the 2-year follow-up, participants completed the interac-
tion phase of the task. Participants were told that they had 
been matched with two same-sex youth selected from the 
first visit and that these peers were ready to participate in a 
“chat game” via a remote connection. Participants reviewed 
the profiles and photos from the selected peers. In the task, 
participants reviewed pictures of the peers and their own 
photo on a screen, seeing their own picture and one peer’s 
picture on the screen concurrently. The participant and two 
virtual peers took turns selecting who they would rather talk 
to about a series of common interests (e.g., music, televi-
sion). The photograph of the agent (the one choosing) was 
shown at the bottom left corner of the screen while the other 
two players’ photographs were shown in the middle of the 
screen. For each trial, the agent (either the participant or a 

virtual peer) is asked to choose who they would rather dis-
cuss a topic with (e.g., “Who would you rather talk to about 
music?”) for 3.3 s (Fig. 1). The question sentence was pre-
sented at the bottom of the screen. When the participant was 
rejected, a gray “X” was superimposed on the participants’ 
self-photo for 10 s. During trials in which the participant was 
chosen to discuss a topic (acceptance trials), the participant’s 
self-photo was highlighted with a gray box. Participants 
were asked to indicate, using a button-press, whether the 
person on the left or right was chosen in order to maintain 
task engagement. At the end of the task, participants com-
pleted 15 control trials in which they had to indicate which 
face (self-picture or a peer) had a dot superimposed on it 
using a button-press (Fig. 2). This condition was included 
as a visual, cognitive, and motor control.

The task was conducted throughout six blocks. Each 
block was comprised of 15 trials in which a person was 
chosen or not chosen as the preferred person to discuss each 
topic. Topics were presented randomly and repeated in each 
block. Trials were arranged in blocks so that participants 
experienced two accept blocks in which they were chosen 
two-thirds of the time and two reject blocks in which they 
were rejected two-thirds of the time. During the remaining 
two blocks, the participants made choices who to talk to 
from pairs of virtual peers.

Post‑task Debriefing

Following the Chatroom-Interact task, all participants were 
debriefed and informed that in reality they had been playing 
with a preset computer program. All participants were suc-
cessfully deceived, as determined by a debriefing interview.

Fig. 1   Depiction of trial on Chatroom Interact task
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Data Cleaning and Processing

Data were cleaned using standard procedures [57], in 
which blinks are identified and interpolated throughout. 
Participants (n = 7; 5 anxious youth, 2 healthy youth) were 
excluded from analyses if they had less than 70% usable tri-
als or if data exhibited drift from initial calibration (n = 1; 1 
anxious youth), leaving a total of 22 anxious youth and 25 
healthy youth in the final dataset. Excluded participants did 
not significantly differ from included participants on any 
demographic or clinical measurement (ps > 0.05). Included 
participants’ demographics are presented in Table 1.

For eye-tracking analyses, the X and Y-gaze coordi-
nates were examined as an index of whether the participant 
was looking at their self-photo or the virtual peer’s photo. 
Latency to look at the self-photo was calculated as time 
taken (ms) to fixate on the self-photo after presentation of 
feedback stimuli. The dwell-time index was measured as the 
percent duration of total trial time that participants spent 
looking at their self-photo and percent duration of total trial 
time spent looking at the peer photo during feedback.

Pupil dilation was calculated by subtracting the baseline 
pupil diameter from the pupil diameter during the trial. 
Baseline pupil measurements were calculated by using 
the first 10 samples (167 ms) of each trial, in which par-
ticipants were simply viewing the virtual peers’ photos. 
Mean pupil change was examined in the period in which 
participants looked at their self-photo in the immediate 
aftermath of rejection (0–2 s after receiving rejection feed-
back), as well as mean pupil dilation for a later portion 
of the trial (2–5.7 s after receiving rejection feedback). 
The early period was selected because previous research 
examining pupil dilation using the Chatroom-Interact Task 

found peak pupil change to occur during this time interval 
(0–2 s after feedback), and the late period was chosen to 
end at 5.7 s post feedback to increase the comparability 
to the previous Chatroom-Interact study [47]. Finally, for 
control trials, average pupil dilation was calculated across 
all control trials during identical early and late windows. 
These indices allow for examining pupillary reaction dur-
ing early stages of processing and later stages of process-
ing, in which ruminative processing may be occurring.

Data Analysis

Baseline demographic characteristics such as age, sex, and 
race were analyzed using analysis of variance (ANOVA) 
models for continuous variables and Chi square tests for 
nominal/categorical variables.

All analyses were conducted using data measured at 
the 2-year post-treatment time-point. To examine the main 
effect of trial-type and the interaction of history of anxiety 
and trial-type for latency to look at self-photo and dwell-
time index, several rANOVA’s were used with history of 
anxiety (anxious, healthy) as the between-subject factors 
and trial-type (rejected or acceptance trials, control trials) 
as the within-subjects factor. Parallel rANOVA tests were 
run to probe the main effect of trial-type and the interac-
tion of history of anxiety by trial-type for pupil dilation. 
Additional parallel rANOVA tests were run to directly 
compare rejection to acceptance trials (rather to control 
trials). Furthermore, sensitivity analyses were conducted 
to examine if excluding participants with clinical levels of 
anxiety changed the pattern of results.

Fig. 2   Depiction of control trial on Chatroom Interact task
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Results

Demographics

A one-way ANOVA with a between-group factor of his-
tory of anxiety revealed no significant differences in age 
between the two groups, F(1, 46) = 0.11, p = 0.74. Chi 
square tests revealed that there were more girls in the anx-
ious than healthy group, χ(1) = 4.63, p = 0.03, but there 
were no significant differences in race distribution between 
the two groups, χ(3) = 0.3, p = 0.35.

Rejection Analyses

Latency Analyses

The rANOVA analysis with history of anxiety (anxious, 
healthy) as a between-subjects variable and trial-type 
(rejection, control) as a within-subjects variable revealed 
a main effect of trial-type, F(1, 43) = 5.52, p = 0.02, 
ƞp

2 = 0.11 on median latency to look at self-photo. The 
main effect indicated that youth were faster at orienting 
toward their self-photo during rejection trials compared to 
control trials, as predicted. There was no significant inter-
action of history of anxiety by trial-type, F(1, 43) = 1.2, 
p = 0.28, ƞp

2 = 0.03, contrary to hypotheses.

Dwell‑Time Analyses

The rANOVA examining the interaction of history of anx-
iety (anxious, healthy) by trial-type (rejection, control) 
on dwell-time revealed a main effect of trial-type, F(1, 
45) = 21.36, p < 0.001, ƞp

2 = 0.32. As predicted, youth spent 
a longer time looking at the self-photo during rejection tri-
als compared to control trials (see Table 2 for uncorrected 
means). There was no significant interaction of history of 
anxiety by trial-type, F(1, 45) = 0.003, p = 0.96, ƞp

2 = 0.00, 
contrary to hypotheses.

Pupil Indices

The rANOVA examining early and late pupil dilation dur-
ing rejection and control trials revealed main effects of 
trial-type, F(1, 45) = 17.52, p < 0.01, ƞp

2 = 0.28 and F(1, 
45) = 18.64, p < 0.01, ƞp

2 = 0.29, respectively, indicating 
there was greater pupil dilation for rejection trials com-
pared to control trials for both early and late time periods. 
However, there was no significant interaction of history 
of anxiety by trial-type or main effect for either early, 

F(1, 45) = 1.73, p = 0.20, ƞp
2 = 0.04, or late periods, F(1, 

45) = 2.79, p = 0.10, ƞp
2 = 0.06.

Acceptance Analyses

Latency Analyses

The rANOVA analysis to measure the main effect of trial-
type and interaction of history of anxiety by trial-type for 
median latency to look at self-photo during acceptance 
versus control trials yielded no significant main effects or 
interaction effects, ps > 0.05.

Dwell‑Time Analyses

The rANOVA analysis to measure the main effect of trial-
type and interaction of history of anxiety by trial-type for 
the dwell-time index during acceptance and control tri-
als revealed a main effect of trial-type, F(1, 45) = 5.27, 
p = 0.03, ƞp

2 = 0.11. Similar to the rejection results, youth 
spent a longer time looking at the self-photo on acceptance 
trials compared to control trials (see Table 2 for uncorrected 

Table 2   Dwell time and pupil indices by group

Pupil dilation was calculated by subtracting the baseline pupil diam-
eter from the pupil diameter during the trial. Baseline pupil measure-
ments were calculated by using the first 10 samples (167 ms) of each 
trial, in which participants were simply viewing the virtual peers’ 
photos. Early pupil dilation was examined 0–2 s after receiving feed-
back, and late pupil dilation was examined 2–5.7  s after receiving 
feedback

Dwell time and pupil indices Anxious Healthy
M (SE) M (SE)

Dwell time on self-photo (% of 
time)

 Rejection 0.37 (0.03) 0.40 (0.03)
 Acceptance 0.50 (0.04) 0.57 (0.04)
 Control-look at other 0.28 (0.04) 0.31 (0.03)
 Control-look at self 0.52 (0.05) 0.62 (0.04)

Latency to fixation (ms)
 Rejection 139.68 (39.95) 218 (55.40)
 Acceptance 364.68 (91.83) 245.66 (60.22)
 Control-look at other 347.91 (88.21) 343.74 (68.74)
 Control-look at self 360.84 (38.22) 237.67 (35.68)

Early pupil dilation
 Rejection 0.10 (0.02) 0.08 (0.02)
 Acceptance 0.11 (0.02) 0.06 (0.02)
 Average control 0.01 (0.02) 0.03 (0.01)

Late pupil dilation
 Rejection 0.13 (0.02) 0.07 (0.02)
 Acceptance 0.11 (0.02) 0.05 (0.02)
 Average control 0.04 (0.02) 0.03 (0.02)
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means). There was no significant interaction of history of 
anxiety by trial-type, F(1, 45) = 1.12, p = 0.30, ƞp

2 = 0.02, 
when examining acceptance versus control trials.

Pupil Indices

The rANOVA examining early pupil dilation in acceptance 
and control trials, indicated an interaction of history of anxi-
ety by trial-type, F(1, 45) = 4.86, p = 0.03. ƞp

2 = 0.10, unlike 
in the rejection analyses (see Fig. 3). Post-hoc pairwise 
comparisons revealed that the anxious youth had signifi-
cantly greater early pupil dilation during acceptance trials 
compared to control trials, p < 0.01. Similar to the rejec-
tion trial analyses, the rANOVAs examining late pupil dila-
tion revealed a main effects of trial-type, F(1, 45) = 13.66, 
p < 0.01, ƞp

2 = 0.23, indicating there was greater pupil dila-
tion for rejection and acceptance compared to control trials 
for late pupil dilation. Furthermore, there was a trend-level 
interaction of history of anxiety by trial-type in predicting 
late pupil dilation, F(1, 45) = 3.92, p = 0.054, ƞp

2 = 0.08.

Rejection Compared to Acceptance Analyses

Latency Analyses

The rANOVA analysis to measure the main effect of trial-
type (rejection, acceptance) and interaction of history of 
anxiety by trial-type for median latency to look at self-photo 
during acceptance versus control trials revealed a main effect 
of trial-type, F(1, 44) = 4.96, p = 0.03, ƞp

2 = 0.10, such that 
youth were faster to orient to themselves during rejection 
trials compared to acceptance trials. There was no sig-
nificant interaction of history of anxiety by trial-type, F(1, 

44) = 3.03, p = 0.09, ƞp
2 = 0.06, when examining rejection 

versus acceptance trials.

Dwell‑Time Analyses

The rANOVA analysis to measure the main effect of trial-
type and interaction of history of anxiety by trial-type for 
the dwell-time index during rejection and acceptance tri-
als revealed a main effect of trial-type, F(1, 45) = 45.47, 
p < 0.001, ƞp

2 = 0.50. Youth spent a longer time looking at 
their self-photo on acceptance trials compared to rejection 
trials, in line with the previous paper by Silk et al. [47]. 
There was no significant interaction of history of anxiety by 
trial-type, F(1, 45) = 0.44 p = 0.51, ƞp

2 = 0.01, when examin-
ing rejection versus acceptance trials.

Pupil Indices

The rANOVA analysis to measure the main effect of trial-
type and interaction of history of anxiety by trial-type for 
pupil indices during rejection versus acceptance trials 
yielded no significant main effects or interaction effects, 
ps > 0.23, contrary to predictions.

Associations with Treatment Outcomes

Given that there were no main effects of history of anxi-
ety, exploratory Pearson correlations were used to examine 
whether attentional and pupillary variables were associated 
with current anxiety severity and depressive severity. Dwell 
time, latency, and pupil indices were not associated with 
total anxiety (SCARED-C total score); generalized anxi-
ety, social anxiety, and separation anxiety (scores on the 
SCARED-C subscales); total MFQ-C scores; or treatment 
response (ps > 0.09).

Sensitivity Analyses

All analyses were conducted again without the five subject 
that met criteria for a clinical anxiety disorder. The pattern 
of all results reported above were retained in the subset of 
participants (n = 17) who did not meet criteria for a current, 
clinical anxiety disorder.

Discussion

The current study examined how healthy youth and youth 
with a history of anxiety attend to rejection and acceptance 
by fictitious peers. Findings showed that, regardless of his-
tory of anxiety, negative social feedback from peers captures 
greater attention and is associated with greater pupillary 
reactivity compared to a non-feedback control condition in 

Fig. 3   Effects of diagnostic group and trial-type on change in early 
pupil dilation. There was a significant interaction of diagnostic group 
by trial-type. The interaction showed that anxious children had signif-
icantly greater pupil dilation in acceptance trials compared to control 
trials. *p < 0.01, error bars represent ± SEM
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both youth with a history of an anxiety disorder and healthy 
youth. However, exploratory pupillometry analyses indi-
cated that for positive feedback, unlike negative feedback, 
youth with a history of anxiety differed from healthy youth, 
in that anxious youth had greater pupil dilation in response 
to positive feedback compared to healthy youth.

In line with our predictions, both anxious and non-anx-
ious youth fixated faster and spent a longer time fixating on 
their rejected self-photo (i.e., their own crossed out face), 
which is considered to be a social threatening stimulus, 
during social rejection compared to control trials. Negative 
emotionality associated with peer rejection may strongly 
capture and hold the attention of adolescents, making it 
difficult for them to look away from socially threatening 
feedback, even without deficits in attentional control. This 
interpretation is consistent with previous research showing 
that adolescents are more sensitive to rejection and social 
exclusion compared to preadolescents [58, 59], perhaps due 
to the increased prevalence of peer rejection occurring dur-
ing adolescence [32, 60] and the emphasis placed on peer 
relationships during this developmental stage. Adolescents 
may spend a greater amount of time pondering why they 
might have been rejected, reflected in a longer time spent 
looking at their own crossed out, rejected face compared to 
looking at the face of their peer.

Findings suggest that history of an anxiety disorder 
did not appear to modulate response to rejection-feedback 
assessed via eye-tracking or pupillary measures. There could 
be several possible reasons for this null finding. First, find-
ings from attention research in anxious youth have been 
more mixed compared to research in anxious adult popu-
lations [14, 17]. A recent meta-analysis found that while 
anxious youth show a significant bias toward threat-related 
stimuli and healthy youth do not exhibit such a bias, the 
difference between anxious and control groups is less pro-
nounced in child populations compared to adult populations, 
and between-group differences of attention bias widens in 
older age groups [17]. Thus, attention biases are not as reli-
ably found in youth and change across the span of develop-
ment. However, it should be noted that most of our anxious 
youth did not meet current criteria for an anxiety diagnosis, 
which could have also affected our results. Second, it could 
be that biases are only elicited in certain experimental para-
digms. In support of this possibility, it has been shown that 
attention bias effect sizes in anxious youth differ based on 
the paradigm utilized [17]. To this point, there were signifi-
cant differences between this paradigm and the dot-probe 
paradigm, a more traditional assessment of attention bias. It 
is possible that the socially threatening stimulus used in the 
Chatroom-Interact paradigm might have been so captivating 
across all youth that subtle differences in attention between 
the groups were not detectable, unlike in other tasks that use 
photos of adult strangers, e.g., [21].

Contrary to our rejection findings, we found a group by 
condition interaction effect on pupillary response to accept-
ance trials. Specifically, anxious youth had larger pupil dila-
tion in acceptance trials compared to control trials in the 
earlier part of the trial (0–2 s after feedback), which reflects 
initial reactivity to acceptance feedback. Healthy partici-
pants, on the other hand, did not differ in initial reactivity to 
acceptance versus control trials. Less research has examined 
reward processing compared to threat processing in anxious 
youth [14, 47]. In a task similar to the Chatroom-Interact 
task, researchers found that socially anxious adolescents 
(but not anxious adults or healthy adolescents or adults), 
showed greater striatal response when they received unex-
pected positive social feedback from peers [61]. Therefore, it 
may be that this high-risk sample of anxious youth may have 
been more surprised to receive positive, social feedback, 
given their proclivity to pessimistically anticipate social 
interactions [62], which may have been reflected in greater 
pupil dilation in anxious youth. Additionally, researchers 
found that young adults with depression and high rates of 
comorbid anxiety exhibited heightened amygdala response 
to peer acceptance feedback compared to the healthy control 
group [63]. Given that pupil dilation is innervated by lim-
bic regions of the brain such as the amygdala and striatum 
[64], our pupillary findings may reflect a heightened limbic 
response to positive social feedback in anxious youth. This is 
consistent with findings that indicate that increasing levels of 
reward are associated with corresponding increases in pupil 
dilation [65]. In other studies, anxious children have dem-
onstrated a hyperactive neural response to reward in fronto-
striatal regions of the brain [45] that are implicated in reward 
processing and motivation [66]. Therefore, our finding that 
previously-treated anxious youth had significantly larger 
pupil dilation for acceptance compared to control trials (that 
was not found in healthy controls), may suggest a heightened 
sensitivity for reward in youth with a history of anxiety.

Finally, in order to compare results from a previous study 
using the same paradigm that assessed only healthy youth 
[57], we conducted the same attentional and pupillary analy-
ses but compared rejection to acceptance trials. We did not 
replicate previous pupillary results, which found that youth 
had greater pupillary response in the wake of peer rejec-
tion compared to acceptance. However, we replicated the 
previous finding that youth spent a longer duration fixating 
on their self-photo during acceptance feedback compared 
to during rejection feedback. Focusing on positive feedback 
compared to negative feedback may serve as an emotion 
regulation strategy [57].

Limitations of the present study should be noted. First, 
due to our sample size (n = 47), we had limited ability to 
detect interactions with potential moderating variables. 
Post-hoc power analyses using G*Power [67] revealed that 
power to detect a medium effect size (Cohen’s f = 0.25) 
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with our current variables was only 0.39; however, our 
power to detect a large effect (Cohen’s f = 0.40) was ade-
quate (0.77). Future studies should examine whether age, 
sex, and/or puberty affect attentional processing in a larger 
sample of anxious and healthy youth. Age, in particular, 
may affect pupillary findings, as previous research has 
found that older youth had a greater pupillary response 
in the wake of peer rejection compared to younger youth 
[47]. Second, the majority of the anxious group (17 of 22 
participants) no longer met full criteria for an anxiety dis-
order at the time of the assessment, limiting our capacity 
to generalize to currently anxious samples. Notably, our 
sensitivity analyses in which we excluded the five clini-
cally anxious youth did not change our pattern of results. 
This suggests that history of anxiety disorder is mean-
ingful even in the absence of current disorder. Finally, 
while this study provided a cross-sectional examination 
of attention and pupillary response to social feedback and 
history of anxiety, future prospective research is critical to 
examine how attentional and pupillary patterns in a social 
context may influence the longitudinal development of 
anxiety symptoms and disorders. Although the present 
study did not reveal associations between dwell time on 
a threatening stimulus and concurrent depressive sever-
ity, evidence from an eye-tracking version of a dot-probe 
paradigm administered to a subset of participants in the 
present study at pre-treatment (all of whom were clinically 
anxious at the time) showed that attentional and pupil-
lary indices indicating avoidance of threat is predictive of 
depressive symptoms (but not anxiety symptoms) 2 years 
later [68]. Therefore, there is indication that additional 
longitudinal research may be helpful in identifying risk 
factors for internalizing symptoms.

Despite these limitations, the present findings have sev-
eral strengths and potential clinical implications. This study 
implemented an ecologically valid paradigm to assess atten-
tional patterns in youth, finding attention biases in circum-
stances of peer rejection and acceptance. The Chatroom-
Interact task allowed the direct comparison of rejection and 
acceptance trials to control trials, which allowed us to exam-
ine rejection and acceptance effects individually. Findings 
regarding increased pupillary responsivity to peer accept-
ance in anxious compared to healthy youth may have clinical 
implications. Social acceptance by peers may be particularly 
potent for anxious children and could be used to a greater 
degree in order to strengthen existing treatments for anx-
ious children and adolescents. In fact, in a study examining 
the efficacy of a family-based group cognitive-behavioral 
therapy treatment for anxious youth, parents rated their chil-
dren’s lesson on rewarding brave behavior as the most useful 
session [69]. Future research may thus benefit from examin-
ing whether leveraging anxious youths’ sensitivity to social 
acceptance by peers provides therapeutic benefit.

Summary

Attention bias toward threat is considered an important 
mechanism in pediatric and adult anxiety disorders that 
may not be ameliorated following anxiety treatment; how-
ever, it remains unclear if attention bias to social threat 
may be exacerbated for adolescents with a history of anxi-
ety. This study examined attention to social feedback from 
fictitious, virtual peers in healthy youth and youth with a 
history of anxiety. Results of the present study suggest 
that, regardless of history of anxiety, negative and positive 
social feedback from peers captures attention and is asso-
ciated with greater pupillary reactivity compared to a non-
feedback control condition in both healthy youth and youth 
with a history of an anxiety disorder. Youth with a history 
of anxiety exhibited greater pupil dilation in response to 
positive feedback compared to non-feedback trials, and 
healthy youth did not demonstrate such differences. No 
significant differences emerged when examining rejection 
feedback trials. Therefore, positive social feedback, unlike 
negative feedback, may differentially influence youth with 
a history of anxiety and could be used to a greater extent 
in existing psychotherapies.
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