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ABSTRACT

Attentional bias to social threat cues has been linked to heightened anxiety and irritability in youth. Yet,
inconsistent methodology has limited replication and led to mixed findings. The current study aims to 1)
replicate and extend two previous pediatric studies demonstrating a relationship between negative affectivity
and attentional bias to social threat and 2) examine the test-retest reliability of an eye-tracking paradigm among
a subsample of youth. Attention allocation to negative versus non-negative emotional faces was measured using a
free-viewing eye-tracking task among youth (N = 185 total, 60 % female, Mage = 13.10 years, SDage = 2.77) with
three face-pair conditions: happy-angry, neutral-disgust, sad-happy. Replicating procedures of two previous
studies, linear mixed-effects models compared attention bias between children with anxiety disorders and
healthy controls. Bifactor analysis was used to parse shared versus unique facets of general negative affectivity (i.
e., anxiety, irritability), which were then examined in relation to attention bias. Test-retest reliability of the bias-
index was estimated among a subsample of youth (N = 36). No significant differences in attention allocation or
bias emerged between anxiety and healthy control groups. While general negative affectivity across the sample
was not associated with attention bias, there was a positive relationship for anxiety and irritability on duration of
attention allocation toward negative faces. Test-retest reliability for attention bias was moderate (r = 0.50, p <
.01). While anxiety-related findings from the two previous studies were not replicated, the relationship between
attention bias and facets of negative affect suggests a potential target for treatment. Evidence for test-retest
reliability encourages future use of the eye-tracking task for researchers.

1. Introduction

Attentional threat bias reflects an individual’s assessment of threat
levels and mobilization towards defense [6]. Attentional bias to social

Attentional threat bias, the allocation of greater attentional resources
to threatening relative to non-threatening stimuli [1,2], has been linked
to negative affectivity, which includes shared variance among high
arousal negative emotional states, such as anxiety and irritability [3,4].
However, inconsistent and unreliable methodology has contributed to a
replication crisis and mixed findings in the field [2,5]. Considering two
previous studies using an eye-gaze task to demonstrate bias-symptom
associations, the current study aims to assess the replicability of the
bias index among a sample of youth with and without anxiety disorders.

threat is most commonly measured using a dot-probe task which uses
reaction times in response to probes appearing after face-cues of nega-
tive or non-negative emotional valence to index biased attention. Use of
salient negative (e.g., angry, disgusted) faces engages threat-responsive
neural circuitry [7], which can implicitly bias pathways that coordinate
eye-gaze behaviors [8]. However, growing psychometric concerns sug-
gest that features of the dot-probe task degrade its attention bias score
reliability [5,9] and may contribute to mixed findings, creating a need
for more reliable tasks. In adults, eye-tracking indices of attention
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allocation possess better psychometric properties [10] and greater
test-retest reliability [e.g., r = .63; 11] compared to reaction time indices
used in the dot-probe paradigm [11,12]. By measuring gaze duration on
negative and non-negative stimuli (e.g., faces), eye-tracking offers a
more direct measure of attentional threat bias.

Use of eye-tracking in the pediatric attention bias literature is scant.
In these pediatric samples, studies on anxiety and attention bias using
eye-tracking have generated mixed results. In one large community
sample, preadolescent youth looked more quickly at threat cues in face-
pairs, but there were no links between individual differences in anxiety
and any eye-tracking metric [13]. Among clinical samples of pediatric
patients, several studies have demonstrated a relationship between
facets of negative affect, including anxiety symptoms, and attentional
bias to threat using eye-tracking on face matrices comprised of differ-
ently valenced faces [14,15]. First, Abend et al. [14] found that
treatment-seeking youth with an anxiety disorder dwelled longer on
negative than on non-negative valence faces compared to their healthy
peers. Next, Harrewijn et al. [15] examined attention bias in relation to
the unique and shared features of anxiety and irritability symptoms, two
high-arousal facets of broader negative affectivity [16-18], among a
transdiagnostic sample of youth. Latent bifactor scores allowed Harre-
wijn et al. [15] to parse the unique and shared features of general
negative affectivity, anxiety, and irritability. Harrewijn et al. [15]
demonstrated that greater latent negative affectivity was related to
longer gaze duration on negative compared to non-negative valence
faces. Research in these types of treatment-seeking, clinical samples are
of particular relevance for informing future novel treatments to retrain
attention. Given mixed findings in the field and the promise of attention
bias as a target for treatment [12,19], replication is needed. The current
study aims to replicate and extend Abend et al. [14] and Harrewijn et al.
[15].

The current study design and hypotheses were publicly preregistered
prior to analyses on OSF Registries at osf.io/8qub2. First, we hypothe-
sized that we would replicate previous findings of Abend et al. [14] in an
independent, treatment-seeking sample of anxious youth. Specifically,
we hypothesized that, compared to healthy youth, children and ado-
lescents with anxiety disorders would show greater attention bias to-
wards negative-valence face stimuli as measured with eye-tracking.
Second, to replicate and extend previous findings of Harrewijn et al.
[15], we hypothesized that attention bias towards negative-valence face
stimuli as measured with eye-tracking would be associated with facets of
negative affectivity. Neither Abend et al. [14] nor Harrewijn et al. [15]
specified hypotheses related to task condition a priori; as such no spe-
cific hypotheses related to condition were included in the
pre-registration. Given that the attention bias index derived from this
eye-tracking task has demonstrated good test-retest reliability in adults
[10], but not yet in youth samples, we also hypothesized we would find
adequate test-retest reliability of this index among a subsample of youth.

2. Material and methods

Participants completed questionnaires and a computerized attention
bias eye-tracking task. The study design and analytic plan were specified
in the preregistration report (osf.io/8qub2) in line with the studies to be
replicated [14,15]. The test-retest reliability of attention bias to
negative-valence face stimuli was examined by a subsample of youth
who completed the eye-tracking task at two time points.

2.1. Participants

Youth between 8 and 18 years (60 % female; Mage = 13.10, SDage =
2.77; 48.6 % with anxiety disorders; 38.4 % healthy controls) were
recruited from the community to participate in research studies at the
National Institute of Mental Health (NIMH) in Bethesda, MD, USA. The
sample included 185 children total with primary diagnoses of an anxiety
disorder (generalized, social, and/or separation anxiety), attention-
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deficit/hyperactivity disorder (ADHD), disruptive mood dysregulation
disorder (DMDD), subthreshold DMDD, and healthy controls without
any present or lifetime psychiatric diagnoses. Parents or guardians re-
ported demographic information such as sex assigned at birth, age, race,
and ethnicity.

Participants completed a diagnostic assessment and all subjects
demonstrated an IQ > 70 as measured by the Wechsler Abbreviated
Scale of Intelligence [20]. Exclusion criteria for all subjects consisted of
full-scale IQ < 70 and a diagnosis of autism spectrum disorder, post-
traumatic stress disorder (PTSD), schizophrenia, obsessive compulsive
disorder, use of any substance with psychoactive effects within three
months of participation, neurological disorder, or significant medical
illness. Once study procedures were explained, youth and their parents
provided informed written assent and consent, respectively. Study pro-
cedures were performed in compliance with guidelines approved by the
Institutional Review Board of the NIMH. Participants received monetary
compensation for task participation ($30). Data for those who consented
to share are publicly available on OSF at osf.io/8qub2. Given not all
participants consented to share their data, exact replication of analyses
with the open dataset will not be possible.

2.2. Measures and procedures

2.2.1. Diagnostic interview

Masters or doctoral-level clinicians administered the Kiddie
Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version [21] to determine the diag-
nostic categories of participants. Clinicians were trained to achieve
acceptable reliability (x > .60) with expert diagnosticians. Diagnoses
were confirmed by a senior psychiatrist.

2.2.2. Questionnaires

Self- and parent-reported anxiety were assessed using the child- and
parent-report versions of the Screen for Child Anxiety Related Emotional
Disorders (SCARED), a psychometrically-validated questionnaire for
assessing pediatric anxiety symptoms [22,23]. The SCARED consists of
41 items assessing anxiety-related symptoms or behaviors on a 3-point
Likert scale (0 = not true, 2 = very true). The measure generates five
continuous subscale scores capturing generalized anxiety, school
avoidance, social anxiety, separation anxiety, and panic disorder
symptoms. Child and parent SCARED subscales were combined into one
anxiety latent factor for analyses, described below, in line with the
methods of Harrewijn et al. [15]. Both the self- and parent-report
SCARED had excellent internal consistency (Cronbach’s as > 0.95).

Self- and parent-reported irritability was assessed using the child-
and parent-report versions of the Affective Reactivity Index (ARI). The
ARI is a 7-item, psychometrically-validated questionnaire designed to
capture symptoms of chronic irritability [24]. Youth and parents
completed questionnaire measures within three months of the study
task. Both the self- and parent-report ARI had good internal consistency
(Cronbach’s as > 0.88).

2.2.3. Eye-tracking task

Using exactly the same methods (i.e., face stimuli across blocks,
randomized order) as in prior work [14,15], the current study utilized a
free-viewing computer-based eye-tracking task [10,11] to capture par-
ticipants’ attention allocation (to threat) as measured by gaze duration
on negative or non-negative facial expressions. Participants were
instructed to look freely at a series of matrices of faces and were then
shown an example matrix prior to beginning the task. The task consisted
of participants viewing a series of 4 x 4 matrices composed of photo-
graphs of eight male and eight female faces taken from the NimStim face
stimulus set [25] (Fig. 1). Faces displayed either disgust, anger, sad,
happy, or neutral expressions. Ninety matrices were displayed in three
blocks, each of which contained 30 trials of condition-pairs containing
negative and non-negative facial expressions by the same set of actors:


http://10.17605/OSF.IO/TS57G

M.E. Byrne et al.

1) Happy vs. Angry (HA); 2) Neutral vs. Disgust (ND); and 3) Sad vs.
Happy (SH). These various negative-nonnegative condition-pair con-
trasts were originally designed to elicit strong emotional responses, as
well as model specificity in biased attentional deployment and different
symptoms [4,7,11,12]. Indeed, prior literature in anxiety disorders finds
biases across a range of emotions [11,26-29], including the
emotion-pairs used in the current study to replicate methods of Abend
et al. [14] and Harrewijn et al. [15].

Each block was preceded by a calibration procedure of the partici-
pants’ gaze. Before each trial, a fixation cross was presented until the
eye-tracker recorded a continuous fixation (1000 ms) to ensure that
participants’ gaze began at the center of the succeeding matrix. A matrix
(900 x 900 pixels) was then presented for 6000 ms, followed by an
inter-trial interval of 2000 ms until the next fixation cross was pre-
sented. Order of condition blocks and matrices within blocks were
randomized across participants. Each block lasted for approximately
8-10 min; the total task lasted approximately 45 min including cali-
bration and breaks. A subset of participants completed the eye-tracking
task twice, at least two weeks apart, to assess test-retest reliability.

2.2.4. Eye-tracking data acquisition and processing

Eye-tracking data acquisition and processing were identical to pro-
cedures outlined in prior work [14,15]. Data were collected using an
EyeLink 1000 Plus eye-tracking apparatus (SR-research, Ottawa,
Ontario, Canada) that operated in remote mode using a forehead sticker.
All participants completed the study in the same experimental room
with identical lighting and screen dimensions (475 x 270 mm).
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Fig. 1. Example eye-tracking task matrix with neutral and disgust face stimuli contrasts. Note: Actual task stimuli were drawn from the Tottenham et al. [25]
NimStim stimulus set. Due to copyright purposes, stimuli from Lazarov et al. [11] are shown here for illustrative purposes only.

Participants were seated approximately 520 mm away from the
desktop-mounted  eye-tracking camera. Real-time binocular
eye-tracking data were recorded continuously throughout the task using
a 25 mm lens at 1000 Hz, with a 1920 x 1080-pixel display resolution.

Data were processed using Eyelink DataViewer software (SR-
research, Ottawa, Ontario, Canada). Fixations were quantified as at least
100 ms (ms) of stable gaze fixation [11] and were registered based on
their location regarding two areas of interest (AOIs), one including the
negative valence (i.e., anger, disgust, sadness) and one the non-negative
valence (i.e., happy or neutral) facial expressions on each matrix. “Dwell
time” was acquired, defined as the sum (in milliseconds; ms) of sus-
tained gaze fixations on each AOI across matrices and conditions (i.e.,
HA, ND, SH). In the current sample, internal consistency of dwell time
was good for negative (Cronbach’s a = .94) and non-negative valence
(Cronbach’s o = .89). Split-half reliability for the percentage negative
dwell time score was 0.45.

2.3. Data analytic plan

The test-retest reliability of the attention bias score was analyzed
using Pearson’s r correlation coefficient to determine the strength of the
association between the percentage of time spent viewing negative-
valence face stimuli over viewing time of negative and non- negative
faces totaled (i.e., “percentage negative dwell time”) at the first and
second time points. Analyses of Abend et al. [14] and Harrewijn et al.
[15], respectively, were replicated in an independent sample. Analyses
were also extended in a larger combined sample, which includes the
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data from participants previously published by Abend et al. [14] and
Harrewijn et al. [15] in combination with the independently sampled
data. All tests were two-sided; effects were detected at a significance
level of a< 0.05. Linear mixed models were used to overcome missing
data [30-32], allowing use of all available data.

First, replicating the analyses of Abend et al. [14], a subsample
composed of participants with an anxiety disorder (generalized, social,
and/or separation anxiety) were compared to healthy controls on
attention  allocation (i.e., averaged dwell time) towards
negative-valence face stimuli as measured with eye-tracking. Specif-
ically, linear mixed-effects models [nlme package in R version 4.3.1;
[33]] predicted dwell time (i.e., sum of eye-gaze fixation durations per
AOI, averaged across matrices) from the following independent vari-
ables: Group (Anxiety vs. Healthy Control) as a between-subjects factor,
and condition (HA, ND, SH) and Valence (negative, non-negative) as
within-subject factors. Consistent with Abend et al. [14], the square-root
of dwell time was used to normalize data. Subject was modeled as a
random effect. Extreme outliers [Cook’s Distance >4/(N — k — 1)
threshold, where N = number of participants and k = number of terms
in the model] were excluded, in line with criteria outlined in Abend et al.
[14]. Additionally, correlation coefficients were examined between
anxiety symptom severity as measured by the SCARED (average of
parent and child-report total scores) and dwell time bias-scores (i.e.,
average dwell time on negative faces minus average dwell time on
non-negative faces), in line with Abend et al. [14].

Second, replicating the analytic approach of Harrewijn et al. [15],
attention allocation was examined in relation to the common and unique
variances of anxiety and irritability. First, identical methods as Harre-
wijn et al. [15] were used to derive bifactor scores. The bifactor model
consisted of six ARI self-report items, six ARI parent-report items, five
SCARED self-report subscales, and five SCARED parent-report subscales
(see Fig. 2). To capture the common variance of anxiety and irritability,
all observed variables were modeled as indicators of an overarching
negative affectivity (NA) latent variable, all SCARED subscales scores
were modeled as indicators of an anxiety (ANX) latent variable, all ARI
child-report item scores were modeled as indicators of an
irritability-child (IRRC) latent variable, and all ARI parent-report item
scores were modeled as indicators of an irritability-parent (IRRP) latent
variable, again in line with Harrewijn et al. [15] and past work [16,34].
Model fit was adequate (factor loading ps < .001; CFI = .964; TLI =
.955; RMSEA = .071; 90 % confidence interval, CI [.065,.077]).
Following model fitting, participants’ factor scores were extracted for
NA, ANX, IRRC, and IRRP (see Supplemental Fig. 1 for distributions).
Subsequently, linear mixed-effects models predicted attention allocation
from the following independent variables: Valence (negative,
non-negative) as a within-subject factor and the four factor scores (NA,
ANX, IRRC, IRRP) as between-subject factors. In line with Harrewijn
et al. [15], attention bias was operationalized as trial-level dwell time
(ms) and percentage negative dwell time (i.e., viewing time on negative
faces divided by total viewing time on all faces; provided in the Sup-
plement). Due to the large number of terms in the model conducted by
Harrewijn et al. [15], analyses for the current study were conducted
with and without the condition term and its interaction terms. There
were no differences in results from models including the condition term
(additional models provided in the Supplement). Extreme outliers (> 1.5
times IQR) were Winsorized in line with Harrewijn et al. [15].

3. Results

See Table 1 for participant characteristics. One-hundred eighty-five
youth completed the eye-tracking task and questionnaire measures in
total. Of the total sample, 38 youth (21 with anxiety, 17 healthy con-
trols) completed the eye-tracking task at two time points (Myime between =
75.5 days). One extreme influential outlier was removed from test-retest
reliability analyses, and one participant’s data were excluded due to
data acquisition problems. Thus, the final sample for test-retest
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reliability consisted of 36 youth (19 with anxiety, 17 healthy controls).
Test-retest reliability analyses revealed a significant moderate positive
correlation between participants’ percentage negative dwell time at the
first and second time point (r = .50, p < .01).

3.1. Independent replication samples

3.1.1. Abend etal [14]

Of the total sample (N = 185) who completed the eye-tracking task,
109 youth were not previously included in the earlier sample of Abend
et al. [14], which consisted of 53 youth (29 with anxiety, 24 healthy
controls). An independent samples t-test between the anxiety and
healthy control groups revealed no significant differences in dwell
bias-score, 1(98.84) = — 0.73, p = .47, in this independent sample. In
line with methods outlined by Abend et al. [14], described above, four
extreme and influential outliers were removed from the linear mixed
model for a final independent sample of 105 youth (59 with anxiety, 46
healthy controls; see Table 1). The full results of the linear mixed effects
model replicating Abend et al. [14] in the independent sample are
provided in Table 2. Results revealed a significant main effect of
Valence, F(1, 409) = 21.54, p < .0001, such that overall, youth looked
significantly longer at negative-valence face stimuli compared to
non-negative valence faces. Unlike Abend et al. [14], there was no sig-
nificant Group x Valence interaction on dwell time, F(1, 409) = 1.18,
p = .28, and the correlation analysis between dwell time bias-score and
overall anxiety symptom severity was not significant, 7(104) = — 0.03,
p=.74.

3.1.2. Harrewijn et al. [15]

An independent sample of 88 youth (45 with an anxiety disorder, 43
healthy controls; see Table 1) was not included in the most recently
published study by Harrewijn et al. [15], which consisted of a trans-
diagnostic sample of 97 youth (45 with an anxiety disorder, 8 with
ADHD, 14 with DMDD, 1 with ODD, 29 healthy controls). Similar to the
sample included in Harrewijn et al. [15], there was a significant main
effect of Valence, such that youth in this independent sample looked
longer at negative compared to non-negative face cues (p =.02).
Replication analyses also revealed significant interactions between
Valence and the IRRC, IRRP, ANX, and NA factor scores in the inde-
pendent sample (Table 3). The positive direction of associations between
dwell time on negative faces with irritability and anxiety conformed to
pre-specified hypotheses. In contrast, unlike Harrewijn et al. [15],
follow-up tests revealed a negative relationship between NA factor score
and dwell time for negative faces. Results were similar for the simplified
model excluding the condition term and its interactions (see Supple-
ment). Findings for the factor score main effects on percentage negative
dwell time (i.e., viewing time on negative faces divided by total viewing
time on all faces) are fully described in the Supplement.

3.2. Total combined sample

All replication analyses were subsequently conducted in the larger
combined sample of youth (N = 185 transdiagnostic youth). Several
participants aborted the task due to length before completing all three
conditions. Of the total combined sample, 164 participants completed
the HA condition, 155 participants completed the ND condition, and 162
participants completed the SH condition. First, we analyzed the model
designed by Abend et al. [14] among only youth with anxiety and
healthy controls (N = 154). The Group x Valence interaction on dwell
time was not significant in the total sample, F(1, 588) = 0.14, p = .71
(see full model results in Supplemental Table 2). Similarly, the corre-
lation between dwell time bias-score and overall anxiety symptom
severity was not significant in the total sample, r(147) = 0.04, p = .64.

Second, we analyzed the model designed by Harrewijn et al. [15]
among the 185 transdiagnostic youth. Analyses revealed significant
two-way interactions of Valence with the IRRP and with the ANX factor
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Table 1
Participant characteristics; N (%), unless otherwise noted.
Total Independent Independent
combined replication sample  replication sample
sample? 1° 2¢
(N =185) (N =105) (N =88)
Sex (female) 111 (60.0) 60 (57.1) 56 (63.6)
Age (M + SD) 13.1 +2.8 13.1 £2.7 13.2+2.6
Race
American Indian/ 2(1.1) 1(1.0) 1(1.1)
Alaska Native
Asian 11 (5.9) 9 (8.6) 9(10.2)
Black/African 18 (9.7) 11 (10.5) 9(10.2)
American
Multiple Races 27 (14.6) 16 (15.2) 16 (18.2)
Not Reported 3(1.6) 2(1.9 0(0.0)
White 124 (67.0) 66 (62.8) 53 (60.2)
Ethnicity (Hispanic/ 21 (11.4) 10 (9.5) 334
Latine)
Diagnosis?
ADHD 5(2.7) 0 (0.0) 0(0.0)
Anxiety Disorder 90 (48.6) 59 (56.2) 45 (51.1)
DMDD 12 (6.5) 0 (0.0) 0(0.0)
Subthreshold 7 (3.8) 0 (0.0) 0 (0.0)
DMDD
No Diagnosis 71 (38.4) 46 (43.8) 43 (48.9)
(Healthy
Volunteers)

4Combined sample includes the data from participants previously published by
Abend et al. [14] (N = 53) and Harrewijn et al. [15] (N = 97) in combination
with the independently sampled data.

Independent Replication Sample 1 consists of youth with anxiety or healthy
volunteers who were not included in the sample of Abend et al. [14].
“Independent Replication Sample 2 consists of youth who were not included in
the sample of Harrewijn et al. [15].

dprimary diagnoses is provided; given high comorbidity, participants could have
more than one diagnosis.

Note: ADHD = attention deficit/hyperactivity disorder; DMDD = disruptive
mood dysregulation disorder.

Table 2

Replication of Abend et al. [14]: linear mixed effects model predicting average
dwell time (ms) in independent sample of youth with anxiety and healthy
controls (N = 105).

numDF  denDF  F-value p-value
Intercept 1 409 26,203.60 <.001***
Group (ANX, HV) 1 103 0.57 .45
Condition (HA, ND, SH) 2 409 0.79 .45
Valence (Negative, Non-Negative) 1 409 21.54 < .007%***
Group x Condition 2 409 0.64 .53
Group x Valence 1 409 1.18 28"
Condition x Valence 2 409 6.25 <.01%**
Group x Condition x Valence 2 409 1.40 .25

Note: numDF = numerator degrees of freedom; denDF = denominator degrees of
freedom; ANX = youth with anxiety disorders; HV = healthy volunteers; HA
= Happy vs. Angry contrast; ND = Neutral vs. Disgust contrast; SH = Sad vs.
Happy contrast. *p < .05; **p <.01; ***p < .001. 'Significant at a< .05 in
Abend et al. [14] study.

scores, such that higher parent-reported irritability and higher anxiety
related to prolonged dwell times for negative, but not non-negative,
faces. Simplified model results are provided in Table 4 and shown in
Fig. 3. The full model including the condition term (provided in Sup-
plemental Table 3A) demonstrated similar results for the interaction
between Valence and IRRP in the total sample, but the ANX interaction
was no longer significant. Unlike Harrewijn et al. [15], the interaction
for NA factor score and dwell time for negative face-valence was
non-significant (p = .74) in the total sample.
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Table 3
Replication of Harrewijn et al. [15]: full linear mixed effects model predicting
trial-level dwell time (ms) in independent sample (N = 88).

numDF  denDF F-value p-value
Intercept 1 12,990 3666.32 < .001%**
Condition (HA, ND, SH) 1 12,990 8.95 < .001%**
Valence (Negative, Non-Negative) 1 12,990 5.46 .02*
NA factor score 1 83 1.38 .24
IRRP factor score 1 83 0.54 .46
IRRC factor score 1 83 0.22 .64
ANX factor score 1 83 1.28 .26
Condition x Valence 2 12,990 8.68 < .001%**
Condition x NA factor score 2 12,990 0.28 .75
Valence x NA factor score 1 12,990 17.11 <.001*wxf
Condition x IRRP factor score 2 12,990 6.60 <.01**
Valence x IRRP factor score 1 12,990 17.82 < .001%**
Condition x IRRC factor score 2 12,990 1.61 .20
Valence x IRRC factor score 1 12,990 16.14 <.001%**
Condition x ANX factor score 2 12,990 2.45 .09
Valence x ANX factor score 1 12,990 10.25 <.01**
Condition x Valence x NA factor 2 12,990 1.43 .24
Condition x Valence x IRRP factor 2 12,990 0.79 45
Condition x Valence x IRRC factor 2 12,990 1.68 .19
Condition x Valence x ANX factor 2 12,990 0.57 .57

Note: numDF = numerator degrees of freedom; denDF = denominator degrees of
freedom; NA = negative affectivity general factor; IRRP = irritability-parent
factor; IRRC = irritability-child factor; ANX = anxiety factor. *p <.05;
*p < .01; ***p < .001. 'Significant at a< .05 in Harrewijn et al. [15] study.

Table 4
Harrewijn et al. [15]: simplified linear mixed effects model predicting trial-level
dwell time (ms) in total combined sample (N = 185).

numDF  denDF F-value p-value
Intercept 1 26,385  12,115.43 < .001%***
Valence (Negative, Non-Negative) 1 26,385 47.25 < .001%**
NA factor score 1 180 2.45 12
IRRP factor score 1 180 1.13 .29
IRRC factor score 1 180 0.22 .64
ANX factor score 1 180 1.21 .27
Valence x NA factor score 1 26,385 0.11 751
Valence x IRRP factor score 1 26,385 9.42 <.01**
Valence x IRRC factor score 1 26,385 0.97 .32
Valence x ANX factor score 1 26,385 4.43 .04*

Note: numDF = numerator degrees of freedom; denDF = denominator degrees of
freedom; NA = negative affectivity general factor; IRRP = irritability-parent
factor; IRRC = irritability-child factor; ANX = anxiety factor. *p < .05;
*4p < ,01; ***p < .001. 'Significant at a< .05 in Harrewijn et al. [15] study.

4. Discussion

Two main findings arose from the present study. First, a moderate
positive correlation manifested between the task performance metric of
percentage of time spent looking at negative-valence face stimuli at two
separate time points. This indicates moderate test-retest reliability of the
eye-tracking task among a sample of youth. Test-retest reliability of 0.50
is within the realm, although at the lower bound, of reliabilities
observed in many established tests used in the context of mental health
evaluation and treatment [35]. Further, the observed reliability in the
current study is far more encouraging than that of other attention bias
indices, such as the noted poor reliability observed in the dot-probe
attention bias score, as well as certain cognitive control tasks [36,37].
As such, the present findings encourage the use of this task, although
efforts should be made to further increase its reliability. Second, hy-
potheses that previous findings of Abend et al. [14] would be replicated
were not supported, nor were hypotheses that previous findings of
Harrewijn et al. [15] would be replicated. Nevertheless, in both the
replication sample and the larger combined sample of youth, attention
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Fig. 3. Interaction of valence and bifactor latent scores on dwell time (milli-
seconds) in total sample using simplified analytic approach by Harrewijn et al.
[15]. A) Parent-reported irritability score (p < .01); B) Anxiety factor score
(p = .04). Note: Shaded area represents standard error.

allocation to negative faces did relate to irritability and anxiety, two
narrow-band components of negative affect.

Findings extend previous work. Overall, youth spent more time ga-
zing on threatening compared to non-threatening faces, regardless of
anxiety severity. While Abend et al. [14] did observe a greater attention
allocation toward negative-valence faces among pediatric anxiety pa-
tients compared to healthy peers, no such findings manifested in the
current sample of roughly twice the size. Similar to findings in com-
munity samples of youth [13,38], the current study found no group
differences in attention bias across eye-tracking metrics. More specif-
ically, both treatment-seeking patients and healthy youth in the current
sample demonstrated a longer overall gaze duration on threatening
compared to non-threatening faces. The previous study by Abend et al.
[14] contained a smaller sample (N = 53) than in the current study
(N = 105). This may have been one among many possible reasons [39]
contributing to differing patterns of results obtained in the current larger
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sample. This underscores the importance of large sample sizes and
further places emphasis on findings in the larger combined samples, as
well as the importance of replication studies in the field of attention bias.

The specific positive association between latent negative affectivity
and attention allocation to negative-valence faces previously demon-
strated in Harrewijn et al. [15] was not replicated in the current study.
Moreover, in the current smaller independent sample, the association
between latent negative affect and attention allocation to threat stimuli
was negative rather than positive. Notably, the Harrewijn et al. [15]
sample of 97 youth was transdiagnostic (i.e., diagnoses of anxiety dis-
orders, chronic irritability, ADHD, healthy youth), while this smaller
independent sample of 88 youth in the current study consisted only of
youth with anxiety disorders and healthy youth. The unexpected di-
rection of the attention bias-negative affectivity relationship may be due
to several sample factors. First, the independent sample of 88 youth is
underpowered, particularly for the number of terms included in the
replicated analytic model. Second, the independent sample had reduced
heterogeneity of symptoms. The larger relative proportion of healthy
youth in the independent sample compared to the Harrewijn et al. [15]
sample (49 % vs. 30 %, respectively), contributed to a lower level of
psychopathology captured by the latent score among the independent
sample. Together, given differences in the current independent sample
diagnostic composition and relatively smaller size, these replication
results should be interpreted with caution.

Despite notable cross-study inconsistencies in results, one set of
findings did show some consistency with past work. Findings in both the
replication sample and the larger combined sample of youth suggest that
attention bias to negative stimuli relates to anxiety and irritability,
narrow-band facets of negative affect. A significant positive relationship
was observed between attention allocation to negative-valence faces and
the latent factors of anxiety and parent-reported irritability in the larger
sample. The use of latent bifactor scores allows parsing of the unique and
shared features of these constructs encompassing general negative
affectivity, anxiety, and irritability. Results from the current study
suggest that attention bias to threat may uniquely relate to increased
anxiety and irritability. However, relatively few studies have simulta-
neously examined anxiety and irritability in relation to attention bias
among youth [15,16]. Both Harrewijn et al. [15] and Kircanski et al.
[16] suggested that attention bias is a shared, transdiagnostic process
underlying negative affect. However, Kircanski et al. [16] also found
distinct patterns of neural activity differentiating anxiety and irritability
during a dot-probe attention bias task. In light of mixed and sparse
literature, findings remain inconclusive. Continued replication efforts in
larger samples are needed to clarify these patterns.

The inclusion of treatment-seeking youth signifies several implica-
tions of clinical importance from the current findings. Attention bias to
threat may be an important mechanism contributing to both anxiety and
irritability. As such, this process can provide a target for intervention
and may inform novel therapeutic approaches. Retraining attention
away from threat may help to reduce chronic mood or anxiety concerns.
Indeed, preliminary work has shown success in reducing youth’s anxiety
symptoms following attention retraining away from negative-valence
face cues [40-42]. This novel therapeutic technique may also provide
an avenue to prevent the development of pediatric anxiety or mood
disorders for high-risk youth. Clinical trials of reliable interventions
designed to reduce attention bias to threat are needed in pediatric
samples.

A strength of the current study includes a public preregistration, thus
reducing the bias of results. However, several limitations remain. First,
the treatment-seeking sample was limited primarily to youth with pri-
mary diagnoses of anxiety or chronic irritability and did not include
other diagnoses that may involve anxiety or irritability symptoms, such
as unipolar or bipolar depression. Second, although bound by replica-
tion of prior methods, several characteristics of the task design should be
noted. The selection of face stimuli pairs was not exhaustive and may
have confounded or diluted effects due to low congruence between the



M.E. Byrne et al.

selected face stimuli and the symptoms of interest in the current sample.
For example, one-third of the task trials contained sad-happy face con-
trasts, however there is no clear evidence for a bias toward sad or happy
cues in the anxiety or irritability literature. Moreover, happy, a positive
emotion, was used in two of the three contrast conditions rather than
neutral stimuli, which could indeed warrant alternate interpretations of
the results, such as habituation to positive affect. Future research should
consider these stimuli and contrast selections to increase the face val-
idity of the task. Further, the length of the task may have been arduous
for a youth sample, some of which had a diagnosis of ADHD. The task
duration may have degraded the strength of the associations between
task indices of attention bias and symptoms of interest, as well as the
test-retest reliability. However, increasing the number of task trials has
been suggested to improve the typically low internal consistency of task
indices in youth populations [e.g., Cronbach’s alpha = 0.65; 10], which
was supported by the high internal consistency of dwell time on negative
and non-negative faces in the current study. Third, the bias index does
not elucidate whether sustained attention on negative faces reflects
deficits in engagement or individual differences in overall tendencies to
dwell for longer periods of time. Future research could adapt the task to
allow for analysis of transition from negative to positive expressions,
rather than dwell times, to provide a more fine-grained measure of
engagement/disengagement [43,44], as this may have clinical relevance
for anxiety. Fourth, some aspects of the study design may have
contributed to the lower bound test-retest reliability values. This in-
cludes the relatively long time-interval between the test and retest ses-
sions. Although the aim was to evaluate reliability in the context of
treatment, reliability may have been stronger over shorter intervals
closer in time among patients not receiving treatment [10]. Finally, the
cross-sectional nature of this study limits the ability to draw conclusions
on the directionality of observed relationships. This underscores the
need for longitudinal research on how these mechanisms may clinically
unfold across development.

5. Conclusions

In conclusion, the current replication and extension study did not
directly replicate the link between attentional threat bias and general
negative affect among an independent sample of youth. This eye-
tracking attention bias task demonstrated reasonable test-retest reli-
ability among a sample of youth, offering a more reliable measure
available for researchers compared to the dot-probe task. Future
research should continue to explore and replicate empirical questions
related to attentional threat bias, anxiety, and irritability using reliable
methodology in order to best inform novel therapeutic interventions for
youth.
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