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Abstract

Attention-bias modification (ABM) is a novel treatment for anxiety disorders. We tested the contribution of two possible
factors implicated in ABM’s efficacy: training of threat-related selective spatial attention and exposure to threat. We also
measured general attention control to examine its potential role in treatment effects. A four-arm randomized controlled
design was used, which dissociated spatial attention and threat exposure while equating treatment expectancies. One
hundred clinically anxious youths were randomized and assessed at pretreatment, midtreatment, posttreatment, and
3-month follow-up. All four groups manifested large reductions in anxiety symptoms; there were no significant between-
group differences. Level of change in anxiety symptoms significantly correlated with level of change in youths’ self-
rated attention control. Findings did not support the role of either dissociated spatial attention or threat exposure as
underlying mechanisms. Implications of the findings are discussed including possible roles of expectations and general

attention control in ABM efficacy.
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Threat-related attention biases occur in anxiety disorders
(Armstrong & Olatunji, 2012; Bar-Haim, Lamy, Pergamin,
Bakermans-Kranenburg, & Van IJzendoorn, 2007; Vasey
& MacLeod, 2001). Attention-bias modification (ABM), a
therapy for anxiety disorders, targets these threat-related
attention biases on the basis of the idea that the biases
cause anxiety. Anxiety disorders commonly emerge in
childhood and present a significant risk factor for later
psychopathology in adulthood (Beesdo, Knappe, & Pine,
2009). Despite this well-documented phenomenon, clini-
cal research in youths generally lags behind research
in adults, a situation closely mirrored in ABM research.
The few randomized controlled trials (RCTs) of ABM
conducted in anxious youths reported mixed findings
regarding treatment efficacy (e.g., Eldar et al., 2012;

Ollendick et al., 2019; Pergamin-Hight, Pine, Fox, & Bar-
Haim, 2016; Pettit et al., 2020), which highlights the need
for further investigation of ABM in this population and,
in particular, the need to identify the factors that are
responsible for treatment response. Our study presents
new data from a RCT of ABM to examine potential mech-
anisms of clinical effects.

ABM systematically modifies threat-related attention
biases in an effort to reduce anxiety symptoms. The most
commonly used form of ABM adapts the dot-probe task
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(MacLeod, Mathews, & Tata, 1986) to repeatedly redirect
participants’ attention away from threat cues and toward
neutral stimuli (Bar-Haim, 2010). Meta-analyses of ABM
RCTs using variants of the dot-probe task have found
significant small to medium effect sizes in clinically anx-
ious populations; patients in the active ABM condition
show greater symptom reduction relative to a control
condition in which there is no contingency between cue
and target locations (Linetzky, Pergamin-Hight, Pine, &
Bar-Haim, 2015; Price et al., 2016).

Two important findings raise questions on mecha-
nisms of ABM clinical effects. First, some studies have
found similar symptom reductions in ABM and control
conditions (Enock, Hofmann, & McNally, 2014; McNally,
Enock, Tsai, & Tousian, 2013; Ollendick et al., 2019;
Pergamin-Hight et al., 2016; Pettit et al., 2020). Moreover,
both the ABM and control conditions often significantly
attenuate symptoms in both children (e.g., Pergamin-
Hight et al., 2016) and adults (e.g., Bunnell, Beidel, &
Mesa, 2013). Second, other studies have found signifi-
cantly greater symptom reductions in the ABM condi-
tion than the control condition (Amir et al., 2009; Eldar
et al., 2012; Schmidt, Richey, Buckner, & Timpano,
2009). However, even for these studies, significant
symptom reduction sometimes occurs for the control
condition (for reviews and discussion, see Heeren,
Coussement, & McNally, 2016; Linetzky et al., 2015).
These findings suggest that factors unrelated to threat
contingency in ABM may influence treatment outcome.
It has been suggested that practice effects or nonemo-
tional learning mechanisms, or both, occurring during
ABM may influence treatment outcome (Heeren et al.,
20106).

Available data suggest various mechanisms through
which ABM may exert its clinical effects. First, ABM may
reduce anxiety by alleviating threat-specific attention
bias (Mathews & MacLeod, 2002). In this case, efficacy
would be greatest for protocols inducing competition for
attentional resources between neutral and threat stim-
uli by involving threat exposure and selective spatial-
attention training. Second, ABM may reduce anxiety
through mere exposure to the threat stimuli embedded
in ABM protocols, which could explain clinical effects
of common control conditions (McNally et al., 2013).
Third, ABM may reduce anxiety by improving spatial
attention regardless of stimulus valence (Bar-Haim,
2010; Klumpp & Amir, 2010). If so, protocols containing
any form of selective spatial-attention training would
reduce anxiety. Fourth, ABM may reduce anxiety by
improving attention control in general as opposed to
selective spatial attention (Heeren, Mogoase, McNally,
Schmitz, & Philippot, 2015; see also Eysenck, Derakshan,
Santos, & Calvo, 2007). If so, any protocol that improves
attention control could reduce anxiety. Finally, ABM, as

with any treatment protocol, may reduce anxiety
through positive treatment expectations (Enock et al.,
2014; McNally et al., 2013). Here, we report data from
an RCT that systematically evaluates the first four factors
while attempting to hold expectancy constant across
experimental conditions.

We used a random-assignment design to dissociate
potential effects of selective spatial attention and threat
exposure. In addition, because general attention control
has been implicated as a mediator of ABM treatment
outcome (Pergamin-Hight et al., 2016), we measured
treatment-related changes in self-reported and behavioral
attention control. Finally, to control for the potentially
powerful influence of positive treatment expectancies
on clinical outcome, unlike previous RCTs that applied
and declared placebo conditions, we attempted to
equate treatment expectancies by informing all partici-
pants that they would receive active ABM treatment (see
Method section below). On the basis of theory and data
implicating threat-related attention biases in the main-
tenance of anxiety, we expected the ABM away-from-
threat condition to produce greater decreases in anxiety
than all other conditions. We also expected the ABM
away-from-threat condition to produce greater decreases
in threat-related attention bias relative to all other
conditions.

Method

Participants

Recruitment to this clinical study was conducted via
advertisement in newspapers and social media. Eight
hundred fifty-six applicants responded, 181 of whom
(21%) passed a preliminary telephone screening and
were invited to a full diagnostic interview at the univer-
sity. Of these 181 applicants, 100 (mean age = 12.21
years, SD = 1.82, range = 10-17 years; 56 girls) met
inclusion criteria (see below) and were randomly
assigned to one of the four study conditions (see below).
Participants were recruited over a 3-year period from
February 2015 to May 2018. The study announced
recruitment in February 2015 and was registered in May
2015 before data collection and randomization started.
Sample characteristics appear in Table 1.

Inclusion criteria were as follows: age from 10 to 17
years and primary diagnosis of social anxiety disorder
(SAD), generalized anxiety disorder (GAD), or separation
anxiety (SA) according to the criteria of the fifth edition
of the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM—-5; American Psychiatric Association, 2013).
These are the most prevalent anxiety disorders in youths
and the ones most often treated in youth-anxiety RCTs
(Silverman, Pina, & Viswesvaran, 2008). Patients with
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Table 1. Means and Standard Deviations for Study Measures for Each Treatment
Condition and Assessment Time

Condition 1:

Condition 2:

Condition 3:

Condition 4:

Variable/time Attention and Attention Exposure No attention,
point exposure without exposure  without attention no exposure
Age 12.07 (1.71) 12.42 (2.04) 12.74 (1.85) 11.62 (1.58)
Male/female 11/14 12/13 12/13 9/16
PARS
Pretreatment 14.88 (2.44) 14.08 (3.3 14.96 (2.59) 14.40 (2.63(
Midtreatment 11.26 (3.18) 11.40 (2.34) 11.68 (3.27) 11.04 (3.07)
Posttreatment 9.10 (3.29) 9.26 (3.37) 9.68 (2.98) 8.64 (3.84)
Follow-up 8.23 (4.32) 7.58 (2.27) 8.45 (3.99) 6.78 (3.39)
SCARED
Pretreatment 37.19 (9.98) 35.67 (8.26) 40.05 (9.51) 35.40 (10.90)
Midtreatment 30.34 (10.75) 26.64 (7.45) 33.49 (13.97) 27.84 (9.18)
Posttreatment 22.42 (10.77) 21.52 (7.84) 25.28 (15.44) 20.72 (8.94)
Follow-up 16.79 (8.75) 20.13 (9.1D 18.02 (10.73) 17.63 (8.05)
Attention bias
Pretreatment -0.33 (33.19) -1.57 (26.36) -3.97 (23.16) -10.60 (48.38)
Midtreatment -0.49 (35.09) 9.04 (36.25) -3.94 (32.61) -5.87 (48.74)
Posttreatment -8.99 (30.18) -1.27 (55.23) 16.28 (62.35) -1.05 (61.05)
Follow-up 14.53 (24.39) -1.36 (17.66) -1.57 (29.36) -1.04 (46.42)
ACS
Pretreatment 52.21 (8.47) 49.84 (8.76) 50.89 (10.48) 53.64 (10.40)
Midtreatment 54.72 (8.07 47.67 (9.30) 49.41 (12.93) 52.38 (10.00)
Posttreatment 51.92 (9.36) 46.53 (8.91) 49.78 (11.89) 49.58 (10.30)
Follow-up 48.84 (6.93) 43.44 (9.12) 43.22 (13.12) 48.95 (11.93)
Flanker bias
Pretreatment 0.13 (0.10) 0.15 (0.10) 0.20 (0.12) 0.16 (0.10)
Midtreatment 0.12 (0.09) 0.12 (0.09) 0.14 (0.10) 0.12 (0.08)
Posttreatment 0.09 (0.08) 0.11 (0.08) 0.14 (0.07) 0.11 (0.09)
Follow-up 0.14 (0.08) 0.13 (0.08) 0.14 (0.10) 0.13 (0.06)

Note: n = 25 for all conditions. PARS = Pediatric Anxiety Rating Scale; SCARED = Screen for Child
Anxiety Related Emotional Disorders; ACS = Attention Control Scale.

comorbid mood disorders, impulse control problems, or
tics were included if these conditions had been treated
with stable medication regimens for the past 3 months;
this decision arose from attempts to maximize the gen-
eralizability of study findings. No patient required
medication changes during the trial. Exclusion criteria
were as follows: (a) presence of organic mental disor-
ders, psychotic disorders, pervasive developmental
disorders, or intellectual disability; (b) high risk for
self-harm or violence; (¢) concurrent psychosocial
treatment; (d) vision problems not corrected with pre-
scription lenses; or (e) physical disability that prevents
computer use.

Diagnoses were made using the Anxiety Disorders
Interview Schedule-Child/Parent-1V (ADIS-C/P-1V;
Silverman & Albano, 1996). The ADIS-C/P-1V is a semi-
structured interview that assesses anxiety, mood, and
externalizing disorders in children and adolescents
according to DSM criteria and is internally reliable and

sensitive to change and has good convergent validity
(Silverman, Saavedra, & Pina, 2001; Wood, Piacentini,
Bergman, McCracken, & Barrios, 2002). Separate inter-
views by the same psychologist were conducted with
youths and parents. Two clinical psychologists trained
to 85% reliability with a senior psychologist who was
blind to treatment condition conducted all interviews.
Weekly supervision sessions with the senior psycholo-
gist were used to discuss diagnostic decisions. The
study was approved by the Institutional Review Board
of Tel Aviv University (Clinicaltrials.gov identifier:
NCT02460536).

Study design

Our study is a double-blind randomized controlled trial
with four arms. Study conditions are depicted in Figure
la. Face stimuli were the same size for all conditions.
Condition were as follows:
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Fig. 1. Stimuli corresponding to (a) each of the four study conditions and (b) study design and assessments. ABM = attention-bias
modification; PARS = Pediatric Anxiety Rating Scale; SCARED-C/P = Screen for Child Anxiety Related Emotional Disorders—Child/
Parent version; ACS = Attention Control Scale.

ABM away from threat (including both threat-
related spatial-attention training and exposure to
threat stimuli). This condition used the dot-probe
task. Stimuli were photographs of 16 different
actors (8 female) taken from the Karolinska
Directed Emotional Faces (KDEF; Lundqvist, Flykt,
& Ohman, 1998). The stimuli consisted of pairs
of expressions (either threat neutral or neutral-
neutral) of the same actor. Faces were presented
one above the other; the top of the top face was
positioned 3 cm from the top edge of the screen,
and 1.5 cm separated the bottom and top of the
two face images, which were 3.75 cm tall and 5 cm
wide. Face pairs were divided into two sets (A and
B). Attention bias (see below) was assessed before,

during, and after treatment and at follow-up using
one set, whereas training was conducted with the
other set. Specifically, if set A was used for measure-
ment, set B was used for training and vice versa in
a counterbalanced manner across participants
within each training group. Each trial began with
a central fixation cross (500 ms), followed by a pair
of faces (500 ms). Face pairs were followed by a
target probe (“E” or “F”) always appearing at a
neutral-face location (until response). Thus, neutral-
face location predicted probe location, which pre-
sumably encouraged the patients to divert their
attention toward neutral-face locations. Patients
were instructed to respond as quickly as possible
without compromising accuracy. Each training
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session consisted of 160 trials; 128 trials contained
one neutral face and one threat face, and 32 filler
trials contained two neutral faces. A 30-s break was
provided after 80 trials. Threat face location, actor,
and probe type were fully counterbalanced in
presentation.

2. The spatial-attention training without threat
exposure condition was identical to the ABM
condition except that instead of neutral and
threat faces, two shapes were displayed. These
shapes were composed of an ellipse assembled
out of scrambled pixels of the original face pic-
tures used in the ABM condition with a small

@, n

symbol (“x” or “+”) superimposed on them. The
“+” was yoked to the neutral faces, and “x” was
yoked to the threat faces presented in the ABM
task. Thus, type of stimulus (analogue to emo-
tional expression) predicted probe location,
which resulted in spatial-attention training with-
out exposure to threat stimuli.

3. In the exposure to threat without spatial-attention
training condition, only one centered stimulus
was presented on each trial, followed by a cen-
trally presented target probe (“E” or “F”). Stimuli
were identical to those in the ABM condition
(128 threat faces and 192 neutral faces), which
resulted in a total of 320 trials (320 single-face
stimuli presented instead of 160 pairs). In this
condition, patients were exposed to the same
number of threat faces as in ABM, but no threat-
related spatial-attention training occurred
because all faces and targets were presented sin-
gly in the center of the screen.!

4. Finally, in the last condition, there was no spatial-
attention training and no exposure to threat. One
centered stimulus was presented on each trial
followed by a centrally presented probe (“E” or
“F”). The stimuli were identical to those used in
the condition with the ellipse with a superim-
posed symbol (128 with “x” and 192 with “+” for
320 randomly presented trials).

Clinical outcomes

The clinician-rated Pediatric Anxiety Rating Scale (PARS)
served as the primary outcome. The PARS assesses
global anxiety severity across SAD, GAD, and SA in
youths. Using information obtained from clinical inter-
views with parents and youths, the clinician scored 50
anxiety symptoms as either present or absent during
the past week. Endorsed symptoms were further rated
on seven dimensions (number of symptoms, severity
of distress, severity of physical symptoms, frequency,
avoidance, interference at home, and interference out

of home). Each dimension was rated from 0 to 5; total
scores ranged from O to 35. The PARS has adequate
internal consistency and interrater reliability, sensitivity
to change in treatment studies, and convergent validity
through significant correlations with parent ratings and
youth self-ratings on anxiety scales (Ginsburg, Keeton,
Drazdowski, & Riddle, 2011; Riddle, 2002). We used a
five-dimension total score in analyses and excluded the
number of symptoms and the physiological symptoms
severity, as recommended for clinical trials (Riddle,
2002). Cronbach’s as for the PARS were .15, .44, .66,
and .72 for the pretreatment, midtreatment, posttreat-
ment, and follow-up assessments, respectively.

Parent and child ratings on the Screen for Child
Anxiety Related Emotional Disorders—Child/Parent Ver-
sion (SCARED-C/P) were used as secondary outcomes.
The SCARED consists of 41 items that youths and parents
rate separately on a 3-point scale. The SCARED is inter-
nally reliable and sensitive to change and has good con-
vergent and divergent validity (Birmaher et al., 1999;
Monga et al., 2000). Because child and parent SCARED
total scores were significantly correlated (r = .39, p <
.001), we used a composite score averaging child and
parent total scores in analyses. Cronbach’s as for the
SCARED-C was .89, .92, .91, and .93 for the pretreat-
ment, midtreatment, posttreatment, and follow-up
assessments, respectively, and .89, .90, .92, and .88, for
SCARED-P assessments, respectively.

Attention measures completed by youths

Threat-related attention bias. The same dot-probe
task described above for ABM training was used to mea-
sure threat-related attention bias, with one exception.
Rather than training attention away from threat by plac-
ing all targets at the neutral-face location, targets appeared
with equal probability at the neutral- and threat-faces
location. Data cleaning followed the procedures of the
Tel Aviv University-National Institute of Mental Health
ABM initiative (Abend et al., 2018). In brief, before calcu-
lating bias scores, we removed trials with incorrect
responses and trials with reaction times (RTs) faster than
150 ms or slower than 2,000 ms. Then, trials with RTs more
than 2.5 SD above or below the mean were also removed.
This procedure resulted in removal of 3.6% of all trials.
Attention-bias scores were calculated by subtracting the
mean RT of trials in which the probe appeared at threat
locations from the mean RT of trials in which the probe
appeared at neutral-face locations. Positive values reflect an
attention bias toward threat, whereas negative values reflect
attention bias away from threat. Internal consistency coef-
ficients (Cronbach’s o) for the attention-bias scores were
86, .05, .25, and —.24 for the pretreatment, midtreatment,
posttreatment, and follow-up assessments, respectively.
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General attention control. An adapted arrow version
of the Flanker Continuous Performance Test (Eriksen &
Eriksen, 1974; Troller-Renfree, Nelson, Zeanah, & Fox,
2016) assessed attention control by asking participants to
press a button in response to a target arrow, pointing left
or right, presented alongside other distractor stimuli (flank-
ers). The flankers are arrows pointing in the same (congru-
ent) or opposite (incongruent) direction as the target
arrow. Participants were instructed to respond as quickly
and as accurately as possible. Each trial presented a fixa-
tion cross (500 ms), followed by a row of five arrows with
the target arrow in the center (500 ms). A practice block (8
trials) was administered and repeated until participants
responded correctly in more than 80% of the trials. Follow-
ing practice, two test blocks (60 trials each) with equal
numbers of randomly presented congruent and incongru-
ent trials were administered; a 30-s break between blocks
was provided. RT and accuracy were recorded for analysis.
Trials with RTs faster than 150 ms were removed as well as
trials more than 2.5 SD above or below the mean. This
procedure resulted in removal of 3.9% of all trials. An
interference score was calculated by subtracting the mean
RT on congruent trials from the mean RT on incongruent
trials (Fan, Flombaum, McCandliss, Thomas, & Posner,
2003; Hillman et al., 2009; Mullane, Corkum, Klein, &
McLaughlin, 2009). Higher and more positive values reflect
greater interference of the flankers and lower attention
control. Internal consistency coefficients (Cronbach’s o)
for the Flanker interference scores were .49, .39, .35, and
.58 for the pretreatment, midtreatment, posttreatment, and
follow-up assessments, respectively.

Attentional Control Scale for Children (ACS-C). The
ACS-C is a downscaled adaptation of the Attentional Con-
trol Scale (Derryberry & Reed, 2002; Muris, de Jong, &
Engelen, 2004; Muris, Meesters, & Rompelberg, 2007). The
ACS consists of 20 items, each scored on a 4-point scale
(0 = never, 1 = sometimes, 2 = often, and 3 = always), and
has adequate validity and internal consistency (Muris
et al., 2004; Melendez, Bechor, Rey, Pettit, & Silverman,
2017). Cronbach’s as for the ACS-C were .78, .84, .84, and
.87 for the pretreatment, midtreatment, posttreatment, and
follow-up assessments, respectively. Higher values reflect
lower attention control.

Procedure

Parents who responded to our advertisement were first
screened over the phone using a brief set of questions
probing DSM symptoms of SAD, GAD, and SA. Parents
reporting that their child had a number of symptoms
above the DSM cutoff for either SAD, GAD, or SA, with
substantial impairment or distress, were invited to an
in-person diagnostic interview. Youths and their parents
were thoroughly informed about study procedures and

that they would receive a treatment package including
four sessions of measures to complete (pretreatment,
midtreatment, posttreatment, and follow-up assess-
ments) and 12 training sessions reflecting both previ-
ously supported training protocol (6 sessions) preceded
by 6 sessions of either novel or previously supported
protocols, the effectiveness of which was tested in our
study. Parents and children provided a written informed
consent-assent and were interviewed separately using
the ADIS-C/P-IV and the PARS and completed the
SCARED. Youths also completed the ACS and the dot-
probe and flanker tasks.

Patients were then randomly assigned to one of the
four study conditions using a pregenerated random
allocation sequence using the RANDBETWEEN function
in Microsoft Excel 365. Participants’ allocation to condi-
tion was administered by a graduate-level student blind
to study design and conditions and not involved in any
other aspect of the study. A note with a number between
1 and 4 (corresponding to study conditions) was placed
in an envelope in the participant’s study file indicating
to the research assistants which protocol to apply to
the participant. Participants completed six 20-min ses-
sions twice a week over a 3-week period according to
their assigned condition. Then, a midtreatment assess-
ment was conducted, and all patients went on to receive
six additional ABM sessions twice a week over a 3-week
period (overall 12 therapy sessions), the purpose of
which was equating treatment expectancies among all
groups by informing all participants that they would
receive active ABM treatment. A posttreatment assess-
ment was conducted 1 week after treatment ended, and
a follow-up assessment was conducted 3 months after
treatment completion. All four assessments (pretreat-
ment, midtreatment, posttreatment, and follow-up
assessments) were identical. Study design and assess-
ments are depicted in Figure 1b.

Data analysis

Sample size was determined by power calculations
using G*Power software (Version 3.1.9.4; Faul, Erdfelder,
Buchner, & Lang, 2009); a was set at .05 and power
was set to 0.80, which allowed the detection of medium
effect sizes, as reported in previous meta-analyses
(Linetzky et al., 2015). We powered our study to assess
the main effects of exposure (exposed vs. nonexposed
to threat stimuli; 2 = 50 per group) and spatial-attention
training (training vs. no training; » = 50 per group) as
well as the contrast between the ABM condition (nz =
25) as opposed to all other conditions (1 = 75).
Modeling with generalized estimation equations
(GEE) was used to compare changes in anxiety, atten-
tion bias to threat, and general attention control over
time between the four study conditions. GEE controls
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for within-subject assessments because it uses parallel
instruments to estimate time-related change in the
shape of the variance-covariance matrix (Fitzmaurice,
Molenberghs, Davidian, & Verbeke, 2008). The GEE
procedure allows the use of observations with incom-
plete data such that the complete intent-to-treat sample
is included in the analysis. Separate models containing
main effects of group (4 study conditions) and time
(pretreatment, midtreatment, posttreatment, and follow-
up assessments) and their interaction term were used
to estimate differences between groups over time for
PARS and SCARED scores. In addition, we analyzed data
for treatment completers and submitted PARS and
SCARED scores to mixed-design analyses of variance
(ANOVAs) with time (pretreatment, midtreatment, post-
treatment, and follow-up assessments) as a within-subject
factor and group (4 study conditions) as a between-
subjects factor. In addition, to test the effects of the
different training conditions on attention bias to threat
and general attention control (self-reported ACS and
flanker interference score), we computed separate GEE
models using these measures as dependent variables.
Finally, we correlated change in symptoms from pre-
treatment to posttreatment with change scores of these
three variables.

Clinical significance and a reliable change index
(RCD were calculated for the PARS scores using the
method outlined by Jacobson and Truax (1991). RCI for
each participant was calculated as the change in scores
from pretreatment to posttreatment divided by the stan-
dard error of the difference calculated on the basis of
our sample’s standard deviation and extant reliability
reports for PARS scores (Riddle, 2002). To meet criteria
for clinically significant change, participants had to
score lower than the recommended cutoff score of 11.5
at posttreatment (Ginsburg et al., 2011) and demon-
strate an RCI smaller than -1.96 (o = .05). Effect sizes
are reported as n? and Cohen’s d as appropriate. In all
analyses, an alpha level of .05 was considered statisti-
cally significant. Pairwise comparisons were completed
with the estimated marginal means contrasts using Bon-
ferroni correction. All statistical procedures were per-
formed in SPSS, Version 25.0.

Results

Preliminary analyses

Participant flow through the study stages is presented in
Figure 2. No group differences were noted in sex distri-
bution, %*(3) = 0.97, p = .81; age, F(3,96) = 1.76, p = .16;
pretreatment attention-bias scores, F(3, 96) = 0.42, p =
.74; PARS scores, F(3, 96) = 0.56, p = .64; SCARED scores,
F(3,96) = 1.20, p = .31, flanker interference scores, F(3,
96) = 1.41, p = .25; and ACS scores, F(3, 96) = 0.73, p =

.54. Descriptive statistics for demographic variables (age
and gender) and all outcome measures are presented in
Table 1.

Clinical outcomes

GEE analysis on clinician-rated PARS score revealed a
main effect of time, Wald X* = 262.70, p < .001, which
indicated significant reductions in anxiety over time for
all treatment conditions. Follow-up analyses revealed
that the reductions in anxiety were significant from
pretreatment to midtreatment, p < .001, d = 1.13; from
midtreatment to posttreatment, p < .001, d = 0.78; and
from posttreatment to the 3-month follow-up, p = .02,
d = 0.30. The main effect of group and the Group x
Time interaction were nonsignificant, ps = .64 and .91,
respectively.

GEE analysis on SCARED scores also revealed a main
effect of time, Wald x = 297.40, p < .001; there were
significant reductions in anxiety between all the time
points, all ps < .05, ds = 0.29 to 1.09. No other main or
interaction effects were found, ps = .45 and .18,
respectively.

Treatment-completers’ ANOVAs yielded the same results
pattern; main effects of time for PARS, F(3, 207) = 121.04,
p <.001, n? = .64, and SCARED scores, H(3, 195) = 148.98,
p < .001, n? = .70, which reflects reductions in anxiety
observed over time. Main effects of group and Group x
Time interactions were not significant: PARS ps = .29 and
.94, respectively; SCARED ps = .91 and .19, respectively.

We also calculated overall effect sizes between the
pretreatment assessment and each of the three subse-
quent assessments. Large effect sizes were found for
clinician-rated and self-reported anxiety from pretreat-
ment to midtreatment (ds = 1.13 and 1.09, respectively),
from pretreatment to posttreatment (ds = 1.45 and 1.61,
respectively), and from pretreatment to 3-month follow-
up (ds = 1.48 and 1.40, respectively). Changes in anxi-
ety scores by time are depicted in Figure 3.

RCI analyses revealed that 41 out of 87 participants
(47.1%) demonstrated a significant reliable change in
PARS scores from pretreatment to posttreatment. Thirty-
eight of these 41 participants also met criteria for clini-
cal significance (i.e., posttreatment PARS scores < 11.5).

Effects of training condition on
altention bias and attention conitrol

No significant time, condition, or interaction effects
were found for attention bias to threat (ps = .65, .91,
and .44, respectively). General attention control was
assessed with two measures: the self-reported ACS and
the flanker interference score. Both measures revealed
nonsignificant main effects of group and of Group x
Time interaction, all ps > .11. The main effects of time
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ABM Spatial Attention Exposure No Spatial No Spatial Attention
(n=25) No Exposure Attention No Exposure
(n=25) (n=25) (n=25)
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From the Study From the Study
During the First During the First
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(n=23) (n=23)
Posttreatment
A 4 A 4 A 4
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From the Study From the Study From the Study From the Study
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Fig. 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of participants. ABM = attention-bias
modification.
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Follow-Up
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Follow-Up

Fig. 3. Anxiety scores on the PARS test (a) and SCARED test (b) as a function
of assessment time, separately by study condition. PARS = Pediatric Anxiety
Rating Scale; SCARED = Screen for Child Anxiety Related Emotional Disorders.

were significant for both measures, Wald x’s = 38.21
and 22.69 for the ACS and the flanker interference
scores, respectively, ps < .001. Follow-up analyses indi-
cated that the ACS time effect was driven by a signifi-
cant improvement in attention control from midtreatment
to posttreatment, p = .007, d = 0.32, and from posttreat-
ment to follow-up, p =.009, d = 0.32. Flanker interfer-
ence scores improved significantly from pretreatment
to midtreatment, p = .001, d = 0.37. For statistics of the
complete set of comparisons between all the time
points, see the Supplemental Material available online.

Correlations between change in
symptoms and change in attention
bias and attention control

Improvement in ACS scores from pretreatment to post-
treatment positively correlated with reduction in both
clinician-rated (PARS) and self-reported (SCARED)

anxiety symptoms, 7s = .24 and .44, ps = .02 and .001,
respectively.

Changes from pretreatment to posttreatment in atten-
tion bias and in the flanker interference score did not
correlate with symptoms change, all ps > .10. For sta-
tistics of the complete set of correlations between all
the time points, see the Supplemental Material.

Discussion

We evaluated the contribution of threat-related spatial-
attention training and exposure to threat to clinical
outcome in youths with anxiety disorders. Contrary to
our expectations, reductions in anxiety symptoms were
similar across the four study groups. The magnitude of
reduction was large, similar to those for first-line anxiety-
disorder treatments (e.g., cognitive behavior therapy,
selective serotonin-reuptake inhibitors; Ishikawa,
Okajima, Matsuoka, & Sakano, 2007; Segool & Carlson,
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2008). Such findings are consistent with ABM studies
that have reported that both active ABM and control
conditions had similar and significant treatment effects
(Enock et al., 2014; McNally et al., 2013; Pergamin-Hight
et al., 2016). Such findings suggest that the mechanisms
underlying ABM efficacy are perhaps more complicated
than realized.

What could generate similarly robust reductions in
anxiety symptoms in all four conditions? One reasonable
explanation is expectancy effects. Note that all partici-
pants were informed that all study conditions included
the active ABM treatment in the last six sessions of the
protocol. Thus, all participants could have developed
substantial degrees of positive expectations (Finniss,
Kaptchuk, Miller, & Benedetti, 2010). Unlike other ABM
trials in which participants understand the possibility of
placebo assignment, all participants understood that they
would receive an active treatment, which could produce
greater effects than any ABM-specific treatment effect. If
the observed clinical effect is based solely on expec-
tancy, then generic computerized training delivered in
the context of therapy for pediatric anxiety could induce
sustained clinical effects even beyond a 3-month period
in which no treatment is provided. It is still possible that
expectations were not equal between groups because
participants were informed that they may or may not
receive the empirically supported treatment in the first
six sessions. However, potential group differences in
expectations would have been critical only if differences
between the groups would have been observed and not
in the case of the observed null results.

An alternative explanation for symptom improve-
ment in all conditions could be the behavioral activa-
tion and exposure to interacting with strangers in a
novel context through attending twice-weekly sessions
at the research clinic. This mechanism is known to
reduce symptoms and is common to all conditions
(Kuckertz et al., 2014). Another alternative explanation
for symptom improvement could relate to treatment-
related changes in general attention control ability. This
possibility is in line with prior studies that suggested
that improved executive attention abilities produce
clinical benefits in anxiety (Bomyea & Amir, 2011;
Heeren et al., 2015). This possibility is indirectly sup-
ported by the significant improvements in self-reported
and behaviorally measured attention control from pre-
treatment to posttreatment in all groups as well as by
positive correlations between changes in anxiety symp-
toms and self-reported general attention control. To
further establish this possibility, future studies may
need to control for general attention control enhance-
ment, perhaps through tasks that do not require sus-
tained attention or any other basic attention control
faculties. If established with additional research, one

must wonder what might be the implications for current
first-line treatments of pediatric anxiety if indeed such
large clinical effects can be achieved by brief and non-
specific computer training sessions.

Some limitations of our study should be noted. First,
although statistical power was sufficient to detect the
medium effects we expected on the basis of extant
meta-analyses, power may not have been sufficient to
detect smaller yet meaningful effects. Nonetheless, we
observed only small between-groups differences at
posttreatment that were in fact in the direction opposite
from our original predictions. For illustration purposes,
we calculated the sample size that would be needed to
achieve statistical significance at an a level of .05 given
the results of our study for the most extreme contrast
(ABM vs. no spatial attention and no exposure; d =
—0.13) assuming this effect was in the predicted direc-
tion. This calculation revealed that a sample size of
1,466 participants would be required. Therefore,
although the possibility that the study was underpow-
ered should not be ruled out completely, taking into
account our results, such a possibility seems rather
unlikely. Second, because our study did not include a
control that unequivocally did not enhance general
attention control, conclusions regarding the role of gen-
eral attention control in reducing anxiety remain tenta-
tive. Third, expectations from therapy were not
measured directly. Such measurements could have shed
light on whether expectancies or other potentially
active ingredients are responsible for the observed
symptom reduction. Future studies could examine more
directly the influence of general attention control and
positive treatment expectation on anxiety symptoms.
Furthermore, although we applied control conditions
to fully isolate the effects of exposure to threat and
spatial-attention training, the traditional ABM control
condition (i.e., equal probability of target at threat and
neutral locations) was not used in our study. This tradi-
tional condition presumably controls for spatial-attention
training by eliminating contingencies between target and
threat locations. However, it also entails exposure to
threat and therefore limits interpretation of findings.
Future studies could consider whether such a confound
should be controlled for in relation to researchers’
research question. Finally, the findings did not provide
evidence of attention bias change from pretreatment to
posttreatment in the ABM group. This result is common
in ABM trials, and poor psychometrics of the dot-probe
bias scores (McNally, 2019) as well as lack of baseline atten-
tion bias in participants of clinical trials (Kruijt, Parsons, &
Fox, 2019) has been implicated.

In conclusion, this randomized controlled trial failed
to conclusively pinpoint the mechanisms contributing
to the clinical effects typically observed in ABM therapy



516

Linetzky et al.

for anxiety. Neither diverting attention away from threat,
practicing selective spatial attention, nor mere exposure
to threat stimuli showed superiority compared with a
control condition in which none of these functions
existed. It appears that dot-probe-like computerized
interventions carry formidable power to reduce symp-
toms in clinically anxious youths under certain delivery
contexts. However, the complex mechanisms underly-
ing ABM and the interplay between expectancy effects,
nonspecific effects on attention control, and specific
mechanistic effects are yet to be clarified.
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