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1  | INTRODUC TION

Approximately 5%–17% of children experience some form of anxiety 
disorder (see Cartwright-Hatton et al., 2006, for a review; Costello 
et al., 2005; Ghandour et al., 2019). Childhood anxiety disorders are as-
sociated with tremendous societal costs (Bodden et al., 2008; Kessler 
et al., 1995; Spence et al., 1999) and often result in chronic impairment 
(Beesdo et al., 2009; Beesdo, et al., 2010; Kessler et al., 2012; Last 
et al., 1996; Pine et al., 1998). Investigation into correlates of anxiety 
early in development is crucial for understanding the etiopathogenesis 
of clinical anxiety and improving prevention and intervention efforts.

In the context of our evolutionary history, selective attention to-
ward threat-related information has enabled humans to efficiently 

detect danger. Trait anxiety is thought to lower the threshold level for 
threat-related stimulus detection. Cognitive theories of anxiety posit 
that highly anxious individuals are characterized by cognitive biases, 
such that these individuals preferentially allocate attention to fear- 
and threat-related stimuli (Beck & Clark, 1997; Eysenck, 2014; Mogg 
& Bradley, 1998). Indeed, individuals with clinical anxiety as well as 
healthy individuals with high trait anxiety have particularly strong 
emotional biases in attention, especially to threat-related material 
(Bar-Haim et al., 2007; Mogg & Bradley, 1998). This effect of atten-
tional capture persists even when participants were not consciously 
aware of the threat-related distractors (Mogg & Bradley, 1998).

Several researchers have also conducted longitudinal studies 
exploring the role of threat attentional bias in the emergence of 
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anxiety disorders. It has been suggested that attentional bias to-
ward threat may act as a moderator between fearful temperament 
and later anxiety and social withdrawal (Morales et al., 2015; Pérez-
Edgar et al., 2010; White et al., 2017). Furthermore, reviews by Van 
Bockstaele et al. (2014) and Morales et al. (2016) have suggested 
that there may be bidirectional relationships between threat-related 
attentional bias and anxiety, such that threat-biased attention and 
anxiety may amplify each other. Indeed, despite strong evidence of a 
relationship between anxiety and attention, the exact mechanism(s) 
whereby attention to threat may lead to anxiety (or vice versa) re-
main unclear (Burris et al., 2019).

Recent meta-analyses supported the general finding that anxi-
ety is associated with selective attention toward threatening stimuli 
in both adults and children, d = 0.21 to 0.45 (Bar-Haim et al., 2007; 
Dudeney et al., 2015; Lisk et al., 2020). However, there are some 
mixed findings in the developmental literature: some studies have 
shown that children with anxiety are more vigilant toward threat 
(Dalgleish et al., 2003; Vasey et al., 1995; Waters et al., 2010), others 
show avoidance of threat-related information (Monk et al., 2006), or 
no difference in attentional bias between healthy and anxious chil-
dren (Benoit et al., 2007; Britton et al., 2012; Hadwin et al., 2009). 
These mixed results may be attributed to inconsistencies in mea-
surement methods of attentional bias.

Previous work on threat-related attention bias has primarily relied 
on reaction time (RT) measures of attention, such as the emotional 
Stroop task, emotional spatial cueing task, and the dot-probe. While 
some studies have found attentional biases in anxious individuals, 
RT-based measures of attention may not be psychometrically reli-
able, and researchers have called into question the validity of tradi-
tional RT measures of attentional bias (Armstrong & Olatunji, 2012; 
Rodebaugh et al., 2016; Schmukle, 2005; Staugaard, 2009; Waechter 
et al., 2014). Traditional RT measures are sensitive to confounding 
effects of response execution, have poor psychometric properties 
(Cooper et al., 2011; Schmukle, 2005; Staugaard, 2009), and are un-
able to adequately describe dynamic processes of attention due to 
their “snapshot” nature (Armstrong & Olatunji, 2012). More recently, 
eye-tracking technology has begun to be utilized to directly measure 
continuous, overt eye movements, and address methodological issues 
of traditional RT tasks (Waechter et al., 2014). Thus, eye-tracking 
may be viewed as a more direct measure of attention (compared to 
RT measures) and may have better overall psychometric properties.

A review by Field and Lester (2010) put forth a number of de-
velopmental models of attention bias to threat and individual differ-
ences in anxiety or fearfulness. One model, the moderation model, 
proposed that biases toward threat are present early in develop-
ment, but change over time as a function of individual differences 
such as fearfulness. In other words, this model predicted that in 
young children, we should observe a main effect of threat, such that 
all children display an attention bias to threat versus neutral stim-
uli; however, individual differences in fearfulness will begin to relate 
to attention bias to threat later in development. Kindt and Van Den 
Hout (2001) suggested that children who are not fearful may learn 
to inhibit automatic processing of potential threat over time and 

therefore have a less attentional bias to threat as they grow older 
(Field, 2006a, 2006b; LoBue, 2010); in contrast, fearful children fail 
to learn this ability and remain biased toward threat-related stim-
uli (Kindt et al., 2000). In addition to the moderation model, Field 
and Lester (2010) also proposed potential alternative models, such 
as the integral bias model (i.e., attentional biases to threat do not 
change with child development) and the acquisition model, wherein 
attentional biases are not present in young children but emerge with 
cognitive, social, or emotional development.

While attentional bias eye-tracking studies in children are scant, 
there are a few publications of particular relevance to our study. 
Consistent with the moderation model, Dodd et al. (2015) did not 
find any between-group differences in threat bias in anxious versus 
non-anxious young children between the ages of 3- and 4-years-old. 
Work by Fu et al. (2019) did not find any significant difference in sta-
tionary eye-tracking measures of attention between behaviorally in-
hibited (BI) and non-BI 5- to 7-year-old children. Moreover, Shechner 
et al. (2013) found that anxious youth between 8- and 17-years-old 
had greater attentional bias to threat-related stimuli as compared 
to their non-anxious counterparts. Taken together, the data avail-
able appear to support the moderation model (i.e., all children have 
threat-related attentional biases, and individual differences in fear-
fulness begin to relate to threat attentional biases in older children) 
proposed by Field and Lester (2010).

In the present study, we wished to establish the psychometric 
properties of eye-tracking measures of attentional bias to threat-rel-
evant stimuli in young children. In light of the fact that anxiety often 
begins early in life, it is imperative to characterize early developmental 
trajectories. Intervention for anxiety disorders may be more effective 
early in development (Mancebo et al., 2014), and there is some evi-
dence showing attentional biases can be trained and may reduce anx-
iety (Bar-Haim, 2010; Bar-Haim et al., 2011; De Voogd et al., 2014; 
MacLeod & Clarke, 2015; Price et al., 2016). Although much work on 
attentional bias modification training has been conducted in adults, 
results from the handful of studies in children appear to be promising 
(Chang et al., 2019; Lowther & Newman, 2014). Given the potential 
implications for future work on attentional bias training in children, 
it is imperative to examine whether it is possible to reliably measure 
attention bias in young children. Previous work in adult populations 
has found good reliabilities for eye-tracking, ranging from α = 0.79 to 
0.94 (Skinner et al., 2018; Waechter et al., 2014). Recent papers have 
published eye-tracking data on attentional biases to threat in young 
children (Dodd et al., 2015; Fu et al., 2019; Linetzky et al., 2019; 
Shechner et al., 2013). However, no previous study, to our knowl-
edge, has examined the psychometric properties of eye-tracking in 
young children. In the current study, we investigated the psychomet-
ric properties of an eye-tracking measure of threat-related attention 
bias in children between the ages of 6- and 9-years-old.

Additionally, we examined whether individual differences in 
anxiety relate to threat-related attentional biases in young children 
and measured anxiety symptom dimensions using multiple par-
ent-reports, temperamental fear and shyness, as well as child clin-
ical anxiety diagnoses based on clinical interviews with parents. We 
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also tested potential interactions between age and threat-related 
attention bias predicting anxiety given the developmental mod-
els discussed above. Previous work suggested that attention bias 
measured using eye-tracking is psychometrically reliable in adults 
(Skinner et al., 2018; Waechter et al., 2014); therefore, we predicted 
that eye-tracking in young children would be characterized by good 
psychometric properties. Moreover, based on previous work linking 
threat-related attention bias to anxiety, we hypothesized that both 
dimensional and categorical measures of anxiety would relate to 
anxiety in young children.

2  | METHOD

2.1 | Participants

The study consisted of 70 children (46.3% female) between the ages 
of 6- and 9-years-old (M = 6.83, SD = 0.80) who were recruited from 
the community in Tallahassee, Florida. Out of the full sample, 69 chil-
dren had eye-tracking data (1 child was unable to sit still during the 
eye-tracking task).

Participants with severe neurodevelopmental disorders were ex-
cluded from the study. Overall, 4.3% of parents reported their child 
as Asian, 20% as Black/African American, 70% as White/Caucasian, 
and 5.7% as Other. Regarding parent education, 4.3% reported 
“high school diploma or equivalent (GED),” 25.7% reported “some 
college/2-year degree,” 27.1% reported “college degree,” and 41.4% 
reported “graduate degree,” and 1.4% did not report on the level of 
education. Additionally, for estimated annual family income, 2.9% 
reported making less than $10,000 per year, 7.1% reported mak-
ing $10,000 to $25,000 per year, 10% reported making $25,000 to 
$40,000 per year, 34.3% reported making $40,000 to $75,000 per 
year, 44.3% reported making more than $75,000 per year, and 1.4% 
did not report on annual family income.

2.2 | Measures

2.2.1 | Eye Tracking Task and Measure

Eye-tracking data were recorded using a fixed EyeLink 1000 Plus 
eye-tracker with monocular recording at 500Hz (SR Research, US). 
Gaze data for this equipment are typically accurate to 0.25-0.50° 
(SR Research, US). Operating distance to the eye-tracking monitor 
was 550–600 mm. Stimuli were presented on a Dell U2417H moni-
tor with a screen resolution of 1920 × 1,080 pixels.

Participants completed a validated free viewing task (see Figure 1; 
Lazarov et al., 2016, 2017) as eye gaze data were collected using an 
EyeLink 1000 Plus (SR Research, US). The task was preceded by a 13-
point eye-tracking calibration followed by a 13-point validation. The 
calibration procedure was repeated if visual deviation was above 1° 
on the X or Y axis. Calibration parameters were to be achieved be-
fore proceeding with the task. Each trial began with a fixation cross 
in the middle of the screen, which the participant had to fixate on for 
1,000 ms to invoke the next display. Then, a 4 × 4 matrix (16 differ-
ent faces) was displayed on the screen for 6,000 ms with eight faces 
displaying disgust expressions (threat stimuli), and another eight faces 
displaying neutral expressions (neutral stimuli). Disgust facial expres-
sions have been successfully used as threat stimuli in previous studies 
(Costafreda et al., 2008), including in studies involving anxious children 
(Benoit et al., 2007; Shechner et al., 2014). Moreover, it has been shown 
that anxious individuals had larger anterior cingulate cortex (ACC) and 
amygdala activation in response to disgust facial expressions as com-
pared to other facial expressions (Amir et al., 2005). The matrix con-
sisted of eight male and eight female adult faces, with the four inner 
faces always displaying two disgusted and two neutral faces. Face 
stimuli were obtained from the Karolinska Directed Emotional Faces 
set (Lundqvist et al., 1998). Participants were instructed to look freely 
at each matrix until the matrices disappeared. The free viewing task 
consisted of 30 randomized trials with 2,000 ms intertrial intervals.

F I G U R E  1   Trial sequence of the free-viewing task
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Eye-tracking data were processed using EyeLink Data Viewer 
Version 3.1 (SR Research, US). Gaze fixations were defined as any 
period that is not a blink or saccade and lasts for at least 100 ms 
(SR Research, US). We defined two types of AOI for each matrix—
one for the eight angry facial expressions (threat AOI) and one for 
the eight neutral facial expressions (neutral AOI). Duration of time 
(ms) spent looking at each type of stimuli was recorded, and the 
proportion of time spent looking at threatening stimuli out of the 
total duration spent on each matrix was calculated for each matrix. 
Then, the overall proportion dwell time to threat stimuli was deter-
mined by averaging the proportion of time spent looking at threat-
ening stimuli for each matrix across all 30 trials according to methods 
used in Linetzky et al. (2019). The same calculations were repeated 
to obtain the overall proportion dwell time to neutral stimuli (i.e., 
raw scores of dwell time). Given that raw scores may encompass 
affect-irrelevant variables, such as individual differences in atten-
tiveness to the task, we created two types of difference scores to 
calculate attentional bias scores: (a) subtraction-based (i.e., threat 
minus neutral proportion dwell time) and (b) regression-based (i.e., 
saving the unstandardized residuals from a regression wherein neu-
tral proportion dwell time was entered predicting threat proportion 
dwell time).1 Difference scores allow us to control for these third 
variables. Additionally, we created two types of difference scores to 
isolate the variance associated with attentional bias toward threat/
neutral stimuli, given that residualized difference scores may offer 
several benefits over subtraction-based difference scores (Meyer 
et al., 2017) and produce difference measures for threat and neu-
tral stimuli that are unique and independent of each other. Including 
both measures of difference scores allows us to determine if poten-
tial relationships between anxiety and threat attentional bias may 
depend on neutral attentional bias scores.

2.2.2 | Parent-report questionnaires

Anxiety symptoms were assessed with the Screen for Child Anxiety-
Related Emotional Disorders (SCARED; Birmaher et al., 1997, 1999) 
and Children's Behavior Questionnaire (CBQ; Rothbart et al., 2001).

The SCARED is a 41-item questionnaire assessing broad symp-
toms of anxiety in children, such as panic, general anxiety, separation 
anxiety, social phobia, and school phobia. Items were rated ranging 
from 0 (not true or hardly ever true) to 2 (true or often true). We ob-
tained information from parents in this study. Examples of items 
from the questionnaire included, “When my child feels frightened, it 
is hard for him/her to breathe” and “My child has nightmares about 
something bad happening to his/her parents.” Higher scores on the 
SCARED represented increased child anxiety. Total parent-reported 
SCARED scores obtained excellent internal reliability, α = 0.90.

We assessed children's temperamental characteristics of fearful-
ness and shyness by administrating the CBQ (Rothbart et al., 2001) 
to parents. The CBQ is a 195-item parent-report assessment of tem-
perament in early to middle childhood (i.e., ages 3–7 years) and evalu-
ates 15 dimensions of temperament: activity level, anger/frustration, 

approach, attentional focusing, discomfort, falling reactivity and 
soothability, fear, high-intensity pleasure, impulsivity, inhibitory con-
trol, low-intensity pleasure, perceptual sensitivity, sadness, shyness, 
and smiling and laughter. Response options ranged from 1 (extremely 
untrue of your child) to 7 (extremely true of your child). CBQ subscales 
of interest included Fear and Shyness, and these subscales included 
13 items each. Examples of items on the Fear subscale include, 
“My child is afraid of the dark” and “My child gets nervous about 
going to the dentist.” The Shyness subscale comprises items such as 
“Sometimes prefers to watch rather than join other children play-
ing” and “Gets embarrassed when strangers pay a lot of attention 
to her/him.” Higher scores on a temperamental dimension indicated 
more endorsement of that temperamental trait. All CBQ subscales 
(i.e., fearfulness and shyness) obtained excellent internal reliability, 
similar to Rothbart et al. (2001), Cronbach's α = 0.80-0.90.

2.2.3 | Clinical Interviewing

The Kiddie Schedule for Affective Disorders and Schizophrenia for 
School-Age Children: Present and Lifetime Version (K-SADS-PL; 
Kaufman et al., 1997), modified for DSM-IV, was administered by 
trained interviewers who were trained and supervised by a PhD 
level clinician. The K-SADS-PL was administered to parents to as-
sess a wide range of past and current psychopathology in children. 
The K-SADS-PL has demonstrated excellent test–retest reliability 
and inter-rater agreement (0.77–1.00 and 93%–100%, respectively; 
Kaufman et al., 1997). All interviews were recorded, and diagnoses 
were reviewed in case conferences held by the PhD level clinical 
psychologist.

2.2.4 | Procedure

Upon the family's arrival in the laboratory, a research assistant briefly 
explained the experiment and obtained informed consent from the 
parent and assent from the children. Then, the children completed 
the attention bias task as eye-tracking data were collected. The chil-
dren were instructed to look freely at the matrices until they disap-
peared. The parents completed the self-report measures and clinical 
interviewing during this time. The full visit to the laboratory lasted 
for approximately 3 to 4 hr. Data were collected as part of a larger 
study.

2.2.5 | Data Analytic Approach

Statistical analyses were conducted using SPSS (Version 23.0) gen-
eral linear model software. A repeated-measures ANOVA was con-
ducted to examine dwell time by stimuli type (threat versus neutral). 
Subtraction-based and regression-based difference scores were 
calculated to obtain attentional bias scores for each condition. We 
examined the psychometric properties of the attentional bias task 
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and measures of anxiety using Spearman-Brown corrected split-half 
reliabilities (using odd-even trials) and Cronbach's alpha.

The analyses described below were conducted with proportion 
dwell time scores as well as the attentional bias difference scores 
that obtained the best internal reliability. Associations between all 
study variables were examined using Pearson's r and one-way anal-
yses of variance (ANOVA), and chi-squared test. A nonparametric 
bootstrapping approach (MacKinnon et al., 2004) was used to test 
if child age moderated the relationship between anxiety and threat 
attentional bias. All moderation analyses were conducted using the 
PROCESS Version 3.3 SPSS macro (Preacher & Hayes, 2004) model 
1. PROCESS estimates regions of significance using the Johnson-
Neyman technique. Variables were mean centered to minimize mul-
ticollinearity (Aiken et al., 1991).

3  | RESULTS

A repeated-measures ANOVA revealed that children spent more 
time looking at threat stimuli (M = 0.47, SD = 0.05) compared to neu-
tral stimuli (M = 0.41, SD = 0.05), F(1, 68) = 33.47, p < .001, η2p = .33. 
Threat and neutral proportion dwell time were significantly moder-
ately negatively correlated, r = −.30, p = .01. To calculate attentional 
bias and control for confounding variables such as individual dif-
ferences in task compliance, two types of difference scores were 
created: (a) subtraction-based (i.e., threat minus neutral proportion 
dwell time) and (b) regression-based (i.e., saving the unstandard-
ized residuals from a regression, threat proportion dwell time was 
regressed on neutral proportion dwell time). Means, standard devia-
tions, and Pearson correlations for study variables are presented in 
Table 1.

Child age was not significantly related to threat dwell time, neu-
tral dwell time, or attentional bias scores.2 Regarding sex differ-
ences, females spent more time looking at neutral stimuli than did 

males and also had higher neutral attentional bias scores than did 
males. However, there were no sex differences in threat dwell time 
or threat attentional bias scores.2 Statistical information for the one-
way ANOVAs as well as means and standard deviations by sex are 
displayed in Table 2.

3.1 | Psychometric properties

Spearman-Brown corrected split-half reliabilities of proportion 
dwell time on neutral and threat faces were acceptable according 
to Skinner et al. (2018), r = .65 and r = .60, respectively. We also 
calculated Spearman-Brown corrected split-half reliabilities for raw 
dwell time (ms) on neutral and threat faces. Results showed that reli-
abilities were acceptable, r = .71 and r = .69, respectively.

Spearman–Brown corrected split-half reliabilities of subtrac-
tion-based neutral and threat attentional bias scores were accept-
able, both rs = .49. Spearman-Brown corrected split-half reliabilities 
of regression-based neutral and threat attentional bias scores were 
good, r = .81 and r = .77, respectively. Given that regression-based 
difference scores were more internally reliable than subtrac-
tion-based difference scores, subsequent analyses were conducted 
using regression-based scores.

Additionally, we used a median split to group children into 
younger and older age groups to examine if psychometric proper-
ties of the eye-tracking task differed based on child age. Spearman–
Brown corrected split-half reliabilities for proportion dwell time on 
neutral faces in younger children were better than that in older chil-
dren, r = .73 and r = .46, respectively. We obtained similar Spearman–
Brown corrected split-half reliabilities for proportion dwell time 
on threat faces in younger and older children, both rs = .60. The 
pattern of results was similar for residualized-based scores of at-
tentional biases. Regarding psychometric properties of residualized 
neutral attentional bias scores, younger children, r = .83, had better 

TA B L E  1   Correlations and descriptive statistics for key study variables

1 2 3 4 5 6 7 8 M SD

1. Age 1 6.83 0.80

2. CBQ Fear −.17 1 3.67 1.08

3. CBQ Shyness .02 .38** 1 3.28 1.15

4. SCARED Total −.07 .49** .49** 1 11.81 9.01

5. Threat Dwell Time −.09 −.06 −.04 .05 1 0.47 0.05

6. Neutral Dwell Time .12 −.19 .04 .13 −.30* 1 0.41 0.06

7. Threat Attentional 
Bias

−.06 −.12 −.03 .09 .95** 0 1 0 0.05

8. Neutral Attentional 
Bias

.10 −.22†  .03 .16 0 .95** .30* 1 0 0.06

Regression-based difference scores are labeled Threat and Neutral Attentional Bias.
Abbreviations: CBQ = Child Behavior Questionnaire; SCARED = Screen for Child Anxiety Related Emotional Disorders.
†p < .10; 
*p < .05; 
**p < .01. 
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Spearman-Brown corrected split-half reliabilities as compared to 
older children, r = .72. Residualized threat attentional bias scores 
obtained similar Spearman–Brown corrected split-half reliabilities in 
younger, r = .78, and older children, r = .77.

3.2 | Parent-reported Child Anxiety

Overall, as expected, parent-reported measures of child anxiety (i.e., 
CBQ Fear, CBQ Shyness, SCARED) were significantly related to each 

TA B L E  2   Means and standard deviations of key variables by gender

Measures

Male (N = 36) Female (N = 31)

F η2M SD M SD

Threat dwell time 0.48 0.05 0.46 0.05 0.99 .02

Neutral dwell time 0.39 0.06 0.43 0.05 7.83** .11

Threat attentional bias 0.00 0.05 −0.00 0.05 0.04 .00

Neutral attentional bias −0.02 0.06 0.02 0.05 6.67* .09

CBQ

Fear 3.72 1.15 3.56 1.03 0.32 .00

Shyness 3.23 1.11 3.48 1.17 0.78 .01

SCARED

Total 11.69 8.84 12.35 9.59 0.09 .00

Panic 0.86 1.48 0.48 0.89 1.54 .02

Generalized anxiety disorder 3.42 3.41 3.23 2.94 0.06 .00

Separation anxiety 3.58 3.23 3.58 3.03 0.00 .00

Social anxiety disorder 3.42 3.11 4.61 3.94 1.93 .03

School avoidance 0.42 0.73 0.45 0.96 0.03 .00

Regression-based difference scores are labeled Threat and Neutral Attentional Bias.
Abbreviations: CBQ = Child Behavior Questionnaire; SCARED = Screen for Child Anxiety Related Emotional Disorders. 
*p < .05; 
**p < .01. 

TA B L E  3   Means and standard deviations of key variables by anxiety diagnostic status

Measures

Healthy (N = 51) Anxious (N = 19)

F η2M SD M SD

Threat dwell time 0.47 0.05 0.46 0.06 0.33 .01

Neutral dwell time 0.41 0.05 0.41 0.07 0.04 .00

Threat attentional bias 0.00 0.05 −0.01 0.06 0.44 .01

Neutral attentional bias 0.00 0.05 −0.00 0.07 0.14 .00

CBQ

Fear 3.35 0.92 4.50 1.06 20.05** .23

Shyness 3.04 1.11 3.92 1.02 8.85** .12

SCARED

Total 9.20 7.32 18.84 9.54 20.30** .23

Panic 0.59 1.13 1.00 1.45 1.56 .02

Generalized anxiety disorder 2.57 2.38 5.16 4.10 10.79** .14

Separation anxiety 2.80 2.64 5.68 3.32 14.30** .17

Social anxiety disorder 2.86 2.86 6.32 4.10 15.85** .19

School avoidance 0.37 0.75 0.68 1.06 1.90 .03

Regression-based difference scores are labeled Threat and Neutral Attentional Bias.
Abbreviations: CBQ = Child Behavior Questionnaire; SCARED = Screen for Child Anxiety Related Emotional Disorders. 
*p < .05, 
**p < .01. 
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other (Table 1). None of the parent-reported SCARED total, SCARED 
subscale scores, CBQ fearfulness, or CBQ shyness significantly dif-
fered by sex (Table 2).

Overall, 19 children had at least one or more current threshold 
anxiety disorder from interviewing parents with the K-SADS-PL. Of 
the 19 children, 3 had separation anxiety disorder, 11 had simple 
phobia, 3 had social phobia, 3 had generalized anxiety disorder, 2 
had obsessive-compulsive disorder, and 3 had anxiety not otherwise 
specified (NOS). Child sex and anxiety diagnostic status were not sig-
nificantly related, χ2 (1, N = 67) = 1.44, p = .23. Moreover, child age 
did not differ significantly based on anxiety diagnostic status, F(1, 
69) = 0.18, p = .68. Dimensional symptoms of anxiety (i.e., SCARED 
Total, CBQ Fear and Shyness) were significantly elevated in children 
with clinical levels of anxiety, all ps < .01 (Table 3). Moreover, all sub-
scale scores on the parent-reported SCARED were also significantly 
elevated in children with clinical anxiety, with the exception of the 
Panic and School Avoidance subscales. Statistical information for 
the one-way ANOVAs, as well as means and standard deviations by 
anxiety diagnostic status, are reported in Table 3.2

3.3 | Age, attentional bias to threat, and 
child anxiety

We conducted one-way ANOVAs to determine if the proportion of 
dwell time or attentional bias scores differed by anxiety diagnostic sta-
tus. Proportion of dwell time and attentional bias scores did not signifi-
cantly differ based on anxiety diagnostic status, all ps > .10 (Table 3).2

Finally, we tested four models examining the interactions be-
tween child age and threat attentional bias predicting different mea-
sures of anxiety using a nonparametric bootstrapping method. In 
other words, predictors remained the same across all models, while 
the outcome variable was changed (i.e., SCARED Total, CBQ Fear, 
CBQ Shyness, K-SADS-PL). All main and interaction effects were 
non-significant, ps> .05 (Table 4). 2,3

4  | DISCUSSION

As expected and consistent with previous findings, children gener-
ally spent more time looking at threat stimuli than neutral stimuli 
(Creswell et al., 2008; Field & Lester, 2010; Gamble & Rapee, 2010; 
Mogg & Bradley, 2006; Schofield et al., 2012). Of note, this study 
serves as a novel extension of the developmental literature on atten-
tional bias. Thus far, only a handful of studies have used eye-tracking 
technology to measure attentional bias to threat in young children 
(Dodd et al., 2015; Fu et al., 2019; Linetzky et al., 2019; Shechner 
et al., 2013).

Few studies in the literature have investigated the psychomet-
ric properties of eye movement indices to threat stimuli (Armstrong 
& Olatunji, 2012; Skinner et al., 2018; Waechter et al., 2014). To 
our knowledge, there are no studies in the literature examining 
the psychometric properties of attentional bias using eye-tracking 
in young children. In the present study, we found that neutral and 
threat proportion dwell times, as well as residualized attentional bias 
scores, obtained split-half reliabilities similar to previous research in 
adults and older children (Linetzky et al., 2019; Skinner et al., 2018; 
Waechter et al., 2014). This suggests that it is possible to obtain a 
reliable measure of attentional bias in young children. Moreover, tra-
ditional RT-based attentional bias tasks have been shown to obtain 
non-significant and unacceptably low split-half reliabilities in children 
(rs = −.24 to .33; Brown et al., 2014) as well as adults (rs = .10 to .44; 
Waechter & Stolz, 2015). This supports the notion that eye-tracking 
measures of attentional bias may have better overall psychometric 
properties as compared to traditional RT measures of attentional 
bias for children and adults (Armstrong & Olatunji, 2012; Waechter 
et al., 2014). Additionally, we found that neutral stimuli dwell times 
in younger children obtained better psychometric properties than 
that in older children. This increased variability in older children may 
be interpreted as a proxy for developmental change that begins to 
arise in this age range (Koolschijn et al., 2011). Indeed, some work 
has begun to suggest that puberty may impact correlates of anxiety 

TA B L E  4   Child age × Threat attentional bias (AB) predicting anxiety

Outcome 
variable

Child Age Threat AB Age X Threat AB

R2 Fβ SE t β SE t β SE t

Model 1: CBQ 
Fear

−0.26 0.16 −1.59 −3.18 2.69 −1.18 5.44 3.50 1.56 .08 1.90

Model 2: CBQ 
Shyness

−0.02 0.18 −0.13 −0.64 2.92 −0.22 1.40 3.79 0.71 .003 0.06

Model 3: Total 
SCARED

−0.86 1.41 −0.61 16.67 23.25 0.72 2.33 30.22 0.08 .01 0.32

Model 4: K-SADS 
Diagnostic 
Status

0.10 0.34 0.31 −3.74 5.56 −0.67 4.00 7.21 0.55 .02a  –

Regression-based difference score is labeled Threat AB.
Abbreviations: CBQ = Child Behavior Questionnaire; SCARED = Screen for Child Anxiety Related Emotional Disorders; K-SADS = Kiddie Schedule 
for Affective Disorders and Schizophrenia for School-Age Children: Present and Lifetime Version; 
aNagelkerke's R2 is reported. 
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(e.g., performance monitoring, startle habituation, and brain regions 
for cognitive control; Gorday & Meyer, 2018; Koolschijn et al., 2011). 
It is possible this increased variability in older children may be fueled 
by individual differences in the onset of pubertal changes.

Results also suggested that sex was a significant predictor of 
neutral proportion dwell time and neutral attentional bias, such that 
girls spent more time looking at neutral stimuli than did boys. It is 
possible that girls were more compliant with the task, and therefore 
spent more time looking at the screen as compared to boys. It is also 
possible that girls were characterized by increased conscientious-
ness (Lay et al., 1998), which led to less off-task behavior (i.e., looking 
off the screen). Considering that this relationship was not hypothe-
sized a priori, future work is needed to further explore potential sex 
differences in attention to neutral stimuli in young children.

As expected, all anxiety measures obtained excellent psycho-
metric properties and were significantly positively related to one an-
other. Child demographic variables of age and sex were not related to 
any anxiety measures. None of the anxiety measures (i.e., SCARED, 
CBQ Fear, CBQ Shyness) were significantly related to threat or neu-
tral dwell time or attentional biases; moreover, we did not find any 
significant interactions between child age and threat attentional bias 
predicting anxiety. These null results should be considered in the 
context of developmental models of attentional bias.

Of note, our study has two important findings: (a) attentional 
bias to threat exists as the main effect in 6- to 9-year-olds; and (b) 
attention bias to threat does not relate to individual differences 
in anxious traits in this age range. In other words, consistent with 
Field and Lester’s (2010) moderation model, threat attentional bias 
does not appear to relate to individual variation in anxiety in this 
young age range. Results from the current study are a first step in 
understanding developmental trajectories of attention bias, insofar 
as our findings suggest children under the age of 9-years-old display 
attention biases to threat, but that attention to threat does not re-
late to individual differences in anxiety. Indeed, Kindt et al. (2000) 
found biases to threat in all children aged 8, and several studies have 
shown that attentional biases are present in all children, beginning 
very early in development (LoBue, 2010; LoBue & DeLoache, 2008; 
Rakison & Derringer, 2008). Field and Lester (2010)’s moderation 
model suggests that relationships between threat bias and anx-
iety should begin to emerge around 10 years of age. The Kindt 
et al. (2000) study found that biases to threat decreased as age in-
creased in non-phobic children but remained consistent across age 
in phobic children—this differentiation in biases between phobic 
and non-phobic children arose at around 10-years-old. Considering 
that the agerange of the current sample spanned 6- to 9-years-old, 
our findings partially support the Field and Lester (2010) modera-
tion model. Longitudinal data are needed to confirm this pattern of 
results (i.e., that threat-bias will begin to relate to anxiety as these 
children age). Given that only 30–40% of the variance in attentional 
biases to threat is heritable (Zavos et al., 2010), future studies should 
investigate if trait anxiety in young children prospectively predicts 
threat attentional bias and the later development of anxiety disor-
ders using a longitudinal study. It is also possible that attentional 

biases to threat in young children have not yet resulted in observ-
able trait anxiety that could be reported by parents—this underly-
ing risk factor may develop into anxiety or fearfulness over time. 
Future studies may examine this possibility through a longitudinal 
design. Alternatively, replicating this study in a sample of older chil-
dren cross-sectionally may elucidate novel relationships between 
trait anxiety and threat-related attentional bias. Given that the Field 
and Lester (2010) moderation model suggests group differences 
may begin to arise around 10-years-old, future work may attempt to 
include a broader age range that encompasses this critical develop-
mental period (e.g., 8- to 15-years-old).

We would also like to highlight several key differences between 
the passive free-viewing task used in this study as compared to other 
tasks used in the attentional bias literature. First, this free-viewing 
task uses faces as the main stimuli that participants attend to; faces 
are often irrelevant to the primary goal during traditional attentional 
bias tasks such as the dot-probe. Second, this free-viewing task uti-
lizes a display matrix with multiple threat faces, while traditional at-
tentional bias tasks use one threat face in an array of neutral faces. 
Furthermore, Posner's model of attention involves three core areas 
of functioning: (a) the alerting network, involved in obtaining and 
maintaining an alert state; (b) the orienting network, related to the 
selection of sensory events; and (c) the executive attention system, 
tasked with resolving conflict among response tendencies (Posner 
et al., 2012). Prior works on attentional bias using RT-based tasks, 
such as the dot-probe, capture more transient forms of attention 
allocation. Our study, on the other hand, utilizes a passive viewing 
eye-tracking task, which taps into sustained components of atten-
tion and thereby indexes a component of attention distinct from 
dot-probe indices.

Furthermore, relationships between attention bias and anxiety, 
as well as its risk factors, appear to be context-dependent beyond 
method and change according to factors such as testing environ-
ment, stimuli used, modality (e.g., reaction time, stationary versus 
mobile eye-tracking, event-related potentials), and participant age. 
For example, Fu et al. (2019) found no group differences in attention 
bias to threat between anxious and non-anxious children when using 
stationary eye-tracking, but differences emerged when using mobile 
eye-tracking.

Additionally, it is worth mentioning that we are powered at 
72% to predict a medium effect (i.e., a correlation coefficient of 
.3) and powered at 99% to predict a large effect (i.e., a correlation 
coefficient of .5). Thus, for the analyses wherein we examined the 
correlations between threat-bias and anxiety measures, we were 
moderately powered to detect medium and large effects. A me-
ta-analysis by Dudeney et al. (2015) on attentional bias and anxiety 
in children found small effect sizes of the relationship between anx-
iety and attentional bias (d = .21) and age as a moderator (β = .04). 
A priori analyses suggested that we would require a sample size of 
N = 568 to detect small effect sizes for correlations and interactions. 
Hence, we are underpowered to detect a small effect (i.e., correla-
tion coefficient of .1), power = 13%. In other words, results from 
the current study suggest that there is not a significant medium or 
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large effect of the relationship between threat-related attentional 
bias and anxiety in young children, as well as age as a moderator, but 
there may be small effect sizes that were undetectable due to the 
lack of power. Hence, we wish to emphasize that the lack of signifi-
cant findings in the relationship between threat-related attentional 
bias and anxiety is not due to the lack of psychometric reliability in 
the eye-tracking measures.

Another limitation of this study is the use of only parent-re-
ported measures of anxiety. While parents may be reliable and valid 
reporters of anxiety, future studies may find additional value in ob-
taining teacher reports, self-reports, and observational measures of 
anxiety. Of note, the rate of diagnosis in our sample is higher rela-
tive to the national average of 5–17% in children (Cartwright-Hatton 
et al., 2006; Costello et al., 2005; Ghandour et al., 2019). It is possible 
that there may be some selection bias, given that our lab studies 
anxiety (our lab website mentions this fact, and families with more 
anxious children may be more inclined to participate in our studies). 
Additionally, some regional variation may have accounted for the 
higher rates of anxiety. Other weaknesses of this study include the 
use of a sample of convenience as well as the relatively small sample 
size.

Overall, findings in the present study showed that it is possible to 
obtain psychometrically reliable measures of attentional bias using 
eye-tracking in young children. Although anxiety measures were 
not related to threat and neutral proportion dwell time or atten-
tional bias, this is consistent with theories suggesting that individ-
ual differences in attentional biases to threat may emerge later in 
development.
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ENDNOTE S
 1 The practice of creating residualized difference scores is common 
in previous studies (Meyer et al., 2017). 
 2 The same pattern of results emerged when the analyses were 
conducted using gaze frequency to threat faces and first fixation to 
threat faces. 

 3 Furthermore, we excluded N = 7 children with a specific phobia-
only diagnosis (i.e., no other anxiety) from the analyses and found 
that the pattern of results was similar. Threat dwell times and atten-
tional bias scores, as well as neutral dwell times and attentional bias 
scores, did not differ by the presence of an anxiety disorder diagno-
sis, ps > .10. We also investigated if child age and threat attentional 
bias scores interacted to predict anxiety diagnosis status. The overall 
model was not significant, p = .62. Main effects of threat attentional 
bias and child age did not significantly predict anxiety diagnosis sta-
tus, coeff = −8.21, SE = 6.49, z = −1.27, p = .21, and coeff = −0.00, 
SE = 0.42, z = −0.00, p = 1.00, respectively. The child age × anxi-
ety diagnosis status interaction was not significant, coeff = 3.58, 
SE = 8.52, z = 0.42, p = .67. 
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