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Although youth anxiety treatment research has focused lar-

gely on severe and impairing anxiety levels, even milder

anxiety levels, including levels that do not meet full criteria

for a diagnosis, can be impairing and cause for concern.

There is a need to develop and test viable treatments for

these concerning anxiety levels to improve functioning

and reduce distress. We present findings from a random-

ized controlled efficacy trial of attention bias modification

treatment (ABMT) and attention control training (ACT)

for youths with concerning anxiety levels. Fifty-three

clinic-referred youths (29 boys, M age = 9.3 years, SD
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age = 2.6) were randomized to either ABMT or ACT.

ABMT and ACT consisted of attention-training trials in

a dot-probe task presenting angry and neutral faces; probes

appeared in the location of neutral faces in 100% of

ABMT trials and 50% of ACT trials. Independent evalua-

tors provided youth anxiety severity ratings; youths and

parents provided youth anxiety severity and global impair-

ment ratings; and youths completed measures of attention

bias to threat and attention control at pretreatment, post-

treatment, and 2-month follow-up. In both arms, anxiety

severity and global impairment were significantly reduced

at posttreatment and follow-up. At follow-up, anxiety

severity and global impairment were significantly lower

in ACT compared with ABMT. Attention control, but

not attention bias to threat, was significantly improved at

follow-up in both arms. Changes in attention control and

attention focusing were significantly associated with

changes in anxiety severity. Findings support the viability

of attention training as a low-intensity treatment for youths

with concerning anxiety levels, including levels that do not

meet full criteria for a diagnosis. Superior anxiety reduc-

tion effects in ACT highlight the critical need for mechanis-

tic research on attention training in this population.

Keywords: anxiety; children; adolescents; treatment; attention

bias modification

THE YOUTH ANXIETY RANDOMIZED CONTROLLED TREAT-

MENT LITERATURE is dominated by samples of severe
and diagnosable cases, which has significantly
advanced knowledge about treating anxiety disor-
ders in children and adolescents (hereon “youth”;
Higa-McMillan et al., 2016; Silverman et al.,
2008). Far less advancement has occurred in treat-
ing less severe yet concerning levels of youth anx-
iety. Emanating from the anxiety stepped care
literature, in this article for brevity we use the term
“concerning anxiety” to refer to such levels
(Kendall et al., 2016; Silverman et al., 2016). Con-
cerning anxiety includes mild to moderate anxiety
levels that meet for diagnosis, as well as mild to
moderate levels that do not meet the number,
duration, and/or severity of symptoms required
for diagnosis. Concerning anxiety, too, is associ-
ated with impairment and distress and is the focus
of the current treatment study.

Angold et al. (1999) were among the first to
shine a light on these understudied though preva-
lent “impaired but undiagnosed” youth with con-
cerning anxiety. Additional supportive data from
large U.S. and European samples have since
appeared (Balàzs et al., 2013; Roberts et al.,
2015). In a sample of 4,975 youths in the United
States, the Teen Health 2000 Study found about
a threefold rate of concerning anxiety cases that
did not meet full criteria for a diagnosis (5.9%)
compared with diagnosable anxiety cases (2.0%;
Roberts et al., 2015). Close to 40.0% (37.8%) of
these cases were highly impaired—a sizable pro-
portion given 49.6% of diagnosable cases were
highly impaired. In 12,395 youths, the Saving
and Empowering Young Lives in Europe Study
also showed high rates of concerning anxiety, high
impairment, and increased disease burden and sui-
cide risk (Balàzs et al., 2013).

Using Attention Training as a Low-Intensity
Treatment Approach to Target Attention Bias
With the cumulative knowledge concerning preva-
lence, impairment, and increased disease burden
and suicide risk, there is a need for evidence-
based treatments that can allay concerning anxi-
ety. A key consideration for such treatment is
access and use of mental health services. Access
and use of services are key because only 22% of
anxiety disorder cases access services, the lowest
of all psychiatric disorders (Costello et al., 2014).
When youth with anxiety disorders and their fam-
ilies do access mental health services, they attend
on average four sessions and up to 50% drop
out of treatment (de Haan et al., 2013; Harpaz-
Rotem et al., 2004).

Given the above, attention bias modification
treatment (ABMT) seems like an especially viable
low-intensity treatment for youth with concerning
anxiety. This is because ABMT is inexpensive
(does not require skilled clinicians); brief (eight
15-minute sessions); and can allay participants’
privacy, stigma, and personal disclosure concerns
(Yeguez et al., 2020). ABMT is based on converg-
ing behavioral and neuroscience research estab-
lishing that attention processes among anxious
individuals, including youth with concerning anx-
iety, are characterized by perturbations in atten-
tion allocation to threat (Abend et al., 2018;
Dudeney et al., 2015). Although low-intensity pre-
vention programs show small positive effects for
nonreferred youth at risk for anxiety (e.g.,
Waters et al., 2019; Werner-Seidler et al., 2017),
it is unknown whether these or other low-
intensity treatment approaches are efficacious for
clinic-referred anxious youth who do not meet full
criteria for a diagnosis. Having such treatments
available has the potential to improve early inter-
vention and stepped care approaches.

In ABMT, attention perturbations are targeted
directly as participants complete hundreds of
computer-based training trials of a dot-probe task.
In each trial, a pair of threatening and neutral
stimuli is presented simultaneously, followed
immediately by a probe. The probe always appears
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in the location of the neutral stimulus, establishing
a contingency between the neutral stimulus and
probe location, facilitating reductions in attention
allocation to threat. Studies demonstrate feasibility
and acceptability and largely demonstrate signifi-
cant ABMT effects in adults and youth with anxi-
ety disorders and youth at temperamental risk for
anxiety (Chang et al., 2019; Eldar et al., 2012; Liu
et al., 2018; Price et al., 2016). Of note, not all
studies find superior effects for ABMT relative to
comparator attention training arms, as we elabo-
rate in the following section (de Voogd et al.,
2017; Fodor et al., 2020; Grist et al., 2019).

Using Attention Control Training as a
Comparator to Target Attention Focusing and

Shifting
The most widely used comparator in youth and
adult ABMT randomized controlled trials (RCTs)
is attention control training (ACT; Price et al.,
2016). In ACT, participants complete the same
dot-probe task as in ABMT, with the key excep-
tion that the probe appears with equal frequency
in the locations of the neutral stimulus and threat-
ening stimulus. By having no contingency between
stimulus valence and probe location, ACT is
designed to control for nonspecific effects on
focusing and shifting attention. Although designed
as a comparator control, data from samples of
youth and adults with anxiety disorders show sig-
nificant anxiety-reduction effects in both ABMT
and ACT (Heeren et al., 2015; Pergamin-Hight
et al., 2016; Pettit et al., 2020). Data from youth
and adults with anxiety disorders further show
that ABMT and ACT both significantly increase
attention control, the ability to focus strategically
and shift attention voluntarily (Heeren et al.,
2015; Linetzky et al., 2020; Pettit et al., 2020).
Whether this is true with concerning anxiety in
youth is unknown; our examining this issue is
therefore another important contribution of our
study.

Our study further contributes and extends past
research by evaluating attention training’s effects
on attention control components: focusing and
shifting. Focusing refers to maintaining attention
on a stimulus; shifting refers to redirecting atten-
tion from one stimulus to another. By evaluating
attention control as well as its components, our
study is an important step in developing a more
nuanced understanding of mechanisms of anxiety
reduction effects found in ABMT and ACT.

Present Study
Based on the conceptualization that reducing
attention bias to threat is critical to the anxiety-
reduction effects of attention training (e.g.,
MacLeod & Clarke, 2015), we designed our
RCT to test the hypotheses that ABMT would
result in significantly lower levels of attention bias
to threat and anxiety severity at posttreatment and
at the follow-up evaluation 2 months after treat-
ment, compared with ACT. Under this conceptual-
ization, decreases in attention bias to threat would
be associated with decreases in anxiety severity.
However, as our summary reveals, it cannot be
taken for granted that ABMT will produce supe-
rior outcome compared with ACT. Based on data
suggesting that increases in attention control may
be critical to the anxiety-reduction effects of atten-
tion training (Heeren et al., 2015; Linetzky et al.,
2020; Pettit et al., 2020), it is plausible that levels
of attention control would be significantly higher,
and levels of anxiety severity significantly lower at
posttreatment and follow-up relative to pretreat-
ment in both ABMT and ACT, and that increases
in attention control would be associated with
decreases in anxiety. Given that youth with con-
cerning anxiety are impaired despite not necessar-
ily meeting full criteria for a diagnosis of an
anxiety disorder (Angold et al., 1999), we evalu-
ated youth global impairment as well. We
expected that findings for global impairment
would parallel those for anxiety severity.

Method

participants

Participants were 53 clinic-referred youths ages
7–15 years (mean age = 9.3 years, SD = 2.6;
54.7% boys, 66.0% Hispanic; see Table 1)
recruited from two university-based anxiety disor-
der specialty clinics, one at Florida International
University and the other at Yale University. We
recruited from anxiety specialty clinics because,
as noted, concerning anxiety is impairing and
prompts parents to seek clinical intervention.
Inclusion criteria were either youths or parents
endorsing concerning anxiety, defined as (a) the
presence of at least three anxiety symptoms across
the most common youth anxiety disorders: general-
ized anxiety disorder, separation anxiety disorder,
and social anxiety disorder; and (b) global anxiety
impairment ratings of either 4 or 5 (mild to moder-
ate) on the 0- to 8-point scale on the Anxiety Disor-
ders Interview Schedule for DSM-IV: Child and
Parent Versions (ADIS-IV: C/P; Silverman &
Albano, 1996). Global anxiety impairment ratings
were obtained by asking parents and children to
provide an overall severity rating based on all anx-
iety symptoms endorsed across all diagnostic mod-
ules on the ADIS-IV: C/P. We derived a composite



Table 1
Participant Sociodemographic and Diagnostic Characteristics at Pretreatment

ABMT (n = 27) ACT (n = 26)

Age, mean (SD) 9.67 (2.68) 8.85 (2.53)

Male gender, n (%) 17 (63.0) 12 (46.2)

Hispanic ethnicity, n (%) 19 (70.4) 16 (61.5)

Annual family income, n (%)

0–$20,999 2 (7.4) 2 (7.7)

$21,000–$60,999 10 (37.0) 9 (34.6)

$61,000–$99,999 4 (14.8) 1 (3.8)

Over $100,000 8 (29.6) 10 (38.5)

Not reported 3 (11.1) 4 (15.4)

Primary diagnosis, n (%)

No diagnosis 14 (51.9) 19 (73.1)

Generalized anxiety disorder 6 (22.2) 2 (7.7)

Separation anxiety disorder 6 (22.2) 2 (7.7)

Social anxiety disorder 0 (0.0) 1 (3.8)

Specific phobia 1 (3.7) 2 (7.7)

Note. ABMT = attention bias modification treatment; ACT = attention control training; SD = standard deviation.
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rating for each participant using the highest overall
severity rating from the youth and parent inter-
views. These inclusion criteria ensured that all par-
ticipants experienced anxiety-related impairment.
Of note, baseline attention bias to threat was not
an inclusion criterion because there is insufficient
evidence that it either predicts or moderates ABMT
outcome (e.g., Pergamin-Hight et al., 2016;
Shechner et al., 2014). Exclusion criteria were glo-
bal impairment ratings of 6 or higher, developmen-
tal disabilities, psychosis, or current involvement in
another treatment; all can be ruled in/out with the
ADIS-IV: C/P.

As shown in Figure 1, 74 youths were recruited
for this study. Of these 74, fifty-three (71.6%) par-
ents provided informed consent and youths pro-
vided informed assent. After we obtained
consent/assent, participants were then enrolled.
All 53 participants met criteria for concerning anx-
iety as defined above; of these 53, twenty (37.7%)
met for an anxiety disorder diagnosis and 33
(62.2%) experienced impairing anxiety that did
not meet full criteria for a diagnosis (see Table 1).
Four participants (2 in ABMT, 2 in ACT) met cri-
teria for attention-deficit/hyperactivity disorder
(ADHD), combined type and were on a stable dose
of medication for ADHD.

materials and task

All measures described below have been validated
and used widely in samples of youth ages 7–15
years.

Diagnostic Interview
We administered the ADIS-IV: C/P (Silverman &
Albano, 1996) to youths and parents, respectively.
The ADIS-IV: C/P yields retest reliability kappas
between .80 and .92 for diagnoses, interrater reli-
ability kappas between .57 and .86 for specific
anxiety diagnoses, and significant associations
with youth anxiety ratings (Silverman et al.,
2001).

Pediatric Anxiety Rating Scale (PARS)
We measured primary outcome using independent
evaluator (IE) ratings of youth anxiety symptom
severity on the six-item version of the PARS
(RUPP Anxiety Study Group, 2002). Using infor-
mation obtained in separate interviews with
youths and parents, an IE masked to participants’
assigned study arm scored each of 50 anxiety
symptoms as either present or absent during the
past week. IEs then rated endorsed symptoms on
six dimensions of global severity and impairment.
A clinical cutoff for the six-item PARS has not
been established. To characterize the study’s sam-
ple, we compared scores on the six-item PARS
with established clinical cutoffs for the five-item
PARS (11.5) and the seven-item PARS (17.5;
Ginsburg et al., 2011). The PARS has adequate
coefficient alphas (between .64 and .91) and inter-
rater reliability (intraclass correlation coefficients
between 0.78 and 0.97), treatment sensitivity,
and convergent validity through significant corre-
lations with youth self-ratings and parent ratings
on youth anxiety scales (RUPP Anxiety Study
Group, 2002). In this sample, the omega coeffi-
cient was 0.83 (Revelle & Condon, 2019).

Screen for Child Anxiety Related Emotional
Disorders—Child and Parent Versions (SCARED-
C/P)
We measured secondary outcomes using youth
self-ratings and parent ratings of youth anxiety



FIGURE 1 CONSORT diagram. Note. ABMT = attention bias modification treatment; ACT = attention control training.

attent ion tra in ing for concern ing anx i e ty 81
symptom severity on the SCARED-C/P (Birmaher
et al., 1997). The SCARED-C/P consists of 41
items on which youth or parents rate youth anxi-
ety symptoms. A score of 25 or higher indicates
clinical levels of anxiety severity. The SCARED-
C/P has adequate test–retest reliability (ranging
from .70 to .90) and convergent and divergent
validity through expected patterns of correlations
with other screening scales (Birmaher et al.,
1997). In this sample, the omega coefficient was
0.93 for the SCARED-C and 0.94 for the
SCARED-P.
Columbia Impairment Scale—Child and Parent
Versions (CIS-C/P)
We also measured secondary outcomes using
youth self-ratings and parent ratings of youth glo-
bal impairment on the CIS-C/P (Bird et al., 1993).
The CIS-C/P consists of 13 items on which youth
or parents rate youth global impairment on a
5-point Likert scale, ranging from no problem to
very bad problem. Higher scores indicate greater
impairment, with scores above 15 indicating
“high” impairment (Bird et al., 1993). The CIS
has adequate test–retest reliability (ranging from
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.63 to .89) and convergent validity through signif-
icant correlations with other measures of impair-
ment (Winters et al., 2005). In this sample, the
omega coefficient was 0.78 for the CIS-C and
0.88 for the CIS-P.

Attention Bias to Threat
Consistent with past studies on attention training
for anxiety (e.g., Price et al., 2016), we used the
standardized emotional faces dot-probe task from
the Tel Aviv University–National Institute of Men-
tal Health ABMT Initiative (http://people.soc-
sci.tau.ac.il/mu/anxietytrauma/research/) to
measure attention bias to threat (Abend et al.,
2014). In each of 120 trials, a white fixation cross
appeared for 500 milliseconds (ms) in the center of
the screen, followed by a pair of faces (one neutral,
one angry) appearing for 500 ms. Immediately fol-
lowing the faces, a probe (“<” or “>”) appeared in
the location of one of the faces. Participants indi-
cated the orientation of the probe by clicking the
left or right mouse button (left for “<”, right for
“>”). Responses on the dot-probe task were used
to calculate attention bias scores. Trials in which
the probe replaced the angry face were considered
congruent trials; trials in which the probe replaced
the neutral face were considered incongruent tri-
als. Bias scores were computed as reaction time
differences of incongruent minus congruent trials.
Positive attention bias scores indicate a bias
toward angry faces (i.e., threat) and negative
scores indicate a bias away from threat. Inaccurate
responses, trials with response latencies shorter
than 150 ms and longer than 1,200 ms, and trials
with response latencies ±2.5 SDs from the partici-
pant’s mean were excluded (Abend et al., 2018;
Eldar et al., 2010).

Attentional Control Scale for Children (ACS-C)
We measured youth attention control using a 15-
item version of the ACS-C (Melendez et al.,
2017; van Son et al., 2021). The original ACS-C
(Muris et al., 2004) consists of 20 items on which
youth rate their ability to maintain attentional
focus on a stimulus and shift attention from one
stimulus to another. Multiple independent valida-
tion studies in anxious youth support a 15-item
version that excludes 5 poorly performing items
from the original version (Melendez et al., 2017;
van Son et al., 2021). On the 15-item version, 9
items comprise a Focusing subscale and 6 items
comprise a Shifting subscale. The 15-item ACS-C
total scale score and subscale scores have demon-
strated good psychometric properties and concur-
rent validity through significant correlations with
anxiety and depression severity (Melendez et al.,
2017; van Son et al., 2021). In this sample, the
omega coefficient was 0.74 for the total scale,
0.79 for Focusing, and 0.73 for Shifting.

procedure

The present study received approval from the uni-
versities’ Institutional Review Boards (ClinicalTri-
als.gov identifier NCT02410967). The study was
conducted at Florida International University and
Yale University from April 2015 to June 2018.
All measures were completed at pretreatment
(PRE), posttreatment (POST), and a follow-up
evaluation 2 months after POST. Following PRE,
participants were randomized in equal proportion
to ABMT or ACT. Participants and researchers
were masked to study arm assignment. Six
master’s- and doctoral-level graduate students
served as IEs and administered the ABMT and
ACT sessions. Before conducting interviews, IEs
received extensive training in administering and
scoring the protocol and met reliability criteria
on five video-recorded youth–parent assessments.
Supervision was provided by a licensed clinical
psychologist at weekly meetings. For each partici-
pant, one IE administered the PRE evaluation and
a different IE administered the POST and follow-
up evaluations.

Attention Bias Modification Treatment
Consistent with past attention training studies and
following the standardized Tel Aviv University–
National Institute of Mental Health ABMT Initia-
tive (http://people.socsci.tau.ac.il/mu/anxiety-
trauma/research/), youths completed two weekly
sessions of ABMT in the clinic over 4 weeks, for
a total of eight sessions (e.g., Pergamin-Hight
et al., 2016; Pettit et al., 2020). At each session,
participants completed 160 trials of the ABMT
protocol, for a total of 1,280 trials. Trials of the
ABMT protocol were identical to trials of the
attention bias to threat assessment task except that
a unique set of faces was used (i.e., different from
those used in the assessment task) and the probe
replaced the neutral face on 100% of the trials.
Data demonstrate that this standardized ABMT
protocol, including stimuli, number of sessions,
and number of trials, produces anxiety-reduction
effects (Pergamin-Hight et al., 2016; Price et al.,
2017).

Attention Control Training
ACT was identical to the ABMT protocol except
for the frequency with which the probe replaced
the neutral face. Eighty percent of trials included
one neutral face and one angry face. On these tri-
als, angry face location, probe location, and actor
were fully counterbalanced. Probe type appeared
with equal probability for angry face location,

http://people.socsci.tau.ac.il/mu/anxietytrauma/research/
http://people.socsci.tau.ac.il/mu/anxietytrauma/research/
http://people.socsci.tau.ac.il/mu/anxietytrauma/research/
http://people.socsci.tau.ac.il/mu/anxietytrauma/research/
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probe location, and actor. The other 20% of trials
included neutral–neutral face pairs.

statistical analysis

We used power analyses to determine sample size.
With alpha at 0.05 and power at 0.80, we intro-
duced covariates (age, study site, and the PRE
score on the outcome variable) to reduce within-
subject error and thus increase the precision of
estimated between-group differences (Belin &
Normand, 2009; Pocock et al., 2002). This
allowed us to detect medium-sized effects between
treatment arms, which is in line with meta-
analyses that show small to medium effects (e.g.,
Hakamata et al., 2010; Price et al., 2016).

To examine the influence of treatment on anxi-
ety, impairment, and attention, we used two-way
analyses of covariance in a structural equation
modeling (SEM) framework (Rausch et al.,
2003). We used a maximum likelihood estimator
with robust standard errors (MLR) as imple-
mented in the MPlus 6.12 statistical software pro-
gram. In each model, participant age, study site,
and the PRE score on the outcome variable were
included as covariates. Robust likelihood ratio
tests were used to examine differences between
PRE and POST mean scores and POST and
follow-up mean scores (collapsing across treat-
ment arms). We calculated reliable change indices
for primary and secondary anxiety outcomes, with
Reliable Change Indexes (RCIs) greater than or
equal to 1.96, indicating clinically significant
change at p < .05 (RCI; Jacobson & Truax, 1991).

To examine the associations between changes in
anxiety variables and changes in attention vari-
ables, we used fixed effects regression analyses
for panel data at PRE, POST, and follow-up
(Allison, 2009). This approach regressed anxiety
variables onto attention variables on a within-
person basis, documenting how much anxiety
changed given a 1-unit change in attention
variables.

Complete data were obtained from 90.6% of
participants at POST and 71.7% at follow-up.
To examine missing-data bias, a dummy variable
was created that indicated the presence or absence
of missing data on each variable in the analyses.
Associations between the dummy variables and
other study variables were examined. No meaning-
ful bias was observed and the extent of missing
data did not differ between study arms. Missing
data were accommodated using full information
maximum likelihood for the two-way analyses of
covariance (Enders, 2010). For the fixed effects
regressions, missing data were accommodated
using multiple imputation (chained equations;
Van Buuren, 2007). Across all analyses, significant
effects were detected at a < .05. All tests were two-
sided.

Results
We present a CONSORT diagram in Figure 1.
Attrition did not differ significantly between study
arms at POST or follow-up. Forty-eight (90.6%)
participants completed all eight training sessions
as scheduled, supporting the feasibility and accept-
ability of the attention training protocols in this
sample of youths with concerning anxiety. There
were no statistically significant differences
between study completers and noncompleters at
PRE on any study variables. Outcome analyses
included all participants (study completers and
noncompleters), allowing intent-to-treat analyses.
We determined maintenance of masked assign-
ment to study arm by asking youths and their par-
ents at follow-up to indicate to which study arm
the youth was assigned (ABMT or ACT). Youths’
and parents’ ability to identify study arm assign-
ment did not exceed chance.

outcomes analyses

We present means and standard deviations on anx-
iety variables, impairment, and attention variables
for each study arm in Table 2. Relative to prior
RCTs of attention training for youth with anxiety
disorders (see Hang et al., 2021), the current sam-
ple’s mean anxiety severity levels at PRE were
lower according to clinician ratings on the PARS,
which typically were above 16 in prior RCTs,
and similar according to youth and parent ratings
on the SCARED-C/P, which typically were
between 25 and 30 in prior RCTs. Mean IE ratings
of youth anxiety on the PARS were below clinical
cutoff at PRE, POST, and follow-up. Mean youth
and parent ratings of youth anxiety on the
SCARED-C/P were above clinical cutoff at PRE,
indicating they rated youth anxiety severity at clin-
ical levels. Mean youth and parent ratings on the
SCARED-C/P were below cutoff at POST and
follow-up. Mean youth and parent ratings of
youth global impairment on the CIS-C/P were
slightly below the “high” cutoff at PRE and sub-
stantially below the cutoff at POST and follow-up.

Primary Outcome
The Time � Study Arm interaction effect was sta-
tistically significant for IE ratings of youth anxiety
on the PARS; youth in ACT had significantly lower
PARS scores at follow-up than youth in ABMT,
controlling for scores at POST (z = 1.99, p < .05;
Cohen’s d = 0.44). The difference between study
arms at POST for the PARS was not statistically



Table 2
Means and Standard Deviations for Anxiety Symptoms, Impairment, and Attention Variables at Pretreatment, Posttreatment, and
2-Month Follow-Up

Measure ABMT (n = 27) ACT (n = 26)

PARS PRE 10.30 (4.75) 10.12 (4.97)

POST 7.21 (5.66) 7.73 (4.81)

Follow-up 7.90 (6.19) 5.69 (4.42)

SCARED-C PRE 28.89 (14.77) 22.00 (11.66)

POST 17.88 (13.76) 14.72 (10.61)

Follow-up 20.41 (15.66) 11.88 (10.88)

SCARED-P PRE 28.31 (15.28) 29.41 (13.29)

POST 18.98 (13.70) 20.16 (11.75)

Follow-up 21.96 (16.82) 17.13 (10.86)

CIS-C PRE 12.03 (9.17) 12.47 (6.65)

POSTt 7.54 (8.86) 6.71 (5.03)

Follow-up 8.06 (8.17) 5.62 (5.31)

CIS-P PRE 12.60 (7.98) 12.53 (10.85)

POST 9.42 (8.86) 9.47 (11.26)

Follow-up 11.55 (6.79) 6.00 (5.50)

Attention bias to threat PRE 18.74 (54.54) �5.02 (60.63)

POST �10.04 (22.94) �12.27 (63.76)

Follow-up �2.86 (47.67) 26.64 (64.43)

ACS-C PRE 38.94 (7.15) 40.25 (6.39)

POST 40.87 (7.00) 42.46 (9.36)

Follow-up 43.05 (7.96) 46.10 (8.12)

Note. ABMT = attention bias modification treatment; ACT = attention control training; PARS = Pediatric Anxiety Rating Scale; SCARED-

C = Screen for Child Anxiety and Related Disorders—Child Version; SCARED-P = Screen for Child Anxiety and Related Disorders—

Parent Version; CIS-C = Columbia Impairment Scale—Child Version; CIS-P = Columbia Impairment Scale—Parent Version; ACS-

C = Attentional Control Scale for Children. Means and standard deviations of attention bias to threat are presented in milliseconds.
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significant (z = –.47, p = .64; Cohen’s d = 0.07).
Collapsing across study arms, mean scores on the
PARS were significantly lower at POST than PRE
(z = 3.70, p < .001; Cohen’s d = 0.51) and mean
scores at POST were not significantly different
from mean scores at follow-up. RCI analyses indi-
cated significant reliable PRE to POST change on
the PARS in 29.3% of participants.

Secondary Outcomes
The Time � Study Arm interaction effects were
statistically significant for youth self-ratings of
anxiety on the SCARED-C and parent ratings of
youth impairment on the CIS-P, but not parent rat-
ings of youth anxiety on the SCARED-P or youth
self-ratings of impairment on the CIS-C. Youth
in ACT had significantly lower youth SCARED-
C (z = 2.29, p < .05; Cohen’s d = 0.72) and CIS-P
(z = 2.50, p < .05; Cohen’s d = 0.69) scores at
follow-up than youth in ABMT, controlling for
scores at POST. The differences between study
arms at POST was not statistically significant for
the SCARED-C (z = –.37, p = .71; Cohen’s
d = 0.17), SCARED-P (z = –.32, p = .75; Cohen’s
d = 0.13), CIS-P (z = –.02, p = .98; Cohen’s
d = 0.01), or CIS-C (z = –.02, p = .98; Cohen’s
d = 0.04). Collapsing across study arms, mean
scores were significantly lower at POST than
PRE for the SCARED-C (z = 4.33, p < .001;
Cohen’s d = 0.66), SCARED-P (z = 5.05,
p < .001; Cohen’s d = 0.96), CIS-C (z = 4.78,
p < .001; Cohen’s d = 0.88), and CIS-P (z = 3.57,
p < .001; Cohen’s d = 0.49). Mean scores at POST
were not significantly different from mean scores
at follow-up. RCI analyses indicated significant
reliable PRE to POST change on the SCARED-C
in 46.7% of participants and on the SCARED-P
in 39.1% of participants.

attention bias and attention control
analyses

Mean levels of attention bias to threat and atten-
tion control were similar to those in prior trials
of attention training in anxious youth (e.g.,
Pergamin-Hight et al., 2016; Pettit et al., 2020).
The Time � Study Arm interaction effect was not
statistically significant for attention bias scores at
POST (z = .34, p = .73; Cohen’s d = 0.22) or
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follow-up (z = –.28, p = .78; Cohen’s d = 0.29),
indicating no significant differences between study
arms. Collapsing across study arms, mean atten-
tion bias scores did not significantly differ between
PRE and POST, nor between POST and follow-up.
In fixed effects panel regression analyses, changes
in attention bias scores were not significantly asso-
ciated with changes in anxiety severity.

The Time � Study Arm interaction effect was
not statistically significant for total attention con-
trol, Attention Focusing, or Attention Shifting
scores at POST or follow-up, indicating no signif-
icant differences between study arms. Collapsing
across study arms, mean total attention control
scores were significantly higher at follow-up than
PRE (z = 4.24, p < .001; Cohen’s d = 0.73) and
POST (z = 2.38, p < .05; Cohen’s d = 0.37). Col-
lapsing across study arms, mean Attention Focus-
ing scores were significantly higher at follow-up
than PRE (z = 2.71, p = .007; Cohen’s d = –0.52)
and POST (z = 2.50, p = .012; Cohen’s d =
–0.29), and the Attention Shifting scores were
significantly higher at follow-up than PRE
(z = 2.00, p = .045; Cohen’s d = –0.29) but not
POST (z = .76, p = .45; Cohen’s d = 0.13).

In fixed effects panel regression analyses,
changes in total attention control (coefficient =
–0.52, z = 2.91, p < .01) and Attention Focusing
(coefficient = –0.69, z = 3.26, p = .001), but not
Attention Shifting, were significantly associated
with changes in anxiety severity on the
SCARED-C. These coefficients indicate that
SCARED-C scores decreased on average by 0.52
units for every 1-unit increase in attention control
and by 0.69 units for every 1-unit increase in
Attention Focusing. Changes in total attention
control, Attention Focusing, or Attention Shifting
scores were not significantly associated with
changes in anxiety severity on the PARS or
SCARED-P.

Discussion
In this sample of clinic-referred youths with con-
cerning anxiety, we found statistically significant
reductions in anxiety severity and global impair-
ment from PRE to POST in both ABMT and
ACT, with medium to large effect sizes for inde-
pendent evaluator ratings, youth self-ratings, and
parent ratings and reliable change in 29%–47%
of participants. These reductions were maintained
at a 2-month follow-up. Contrary to hypotheses,
we found significantly greater reductions in youth
anxiety severity and global impairment at follow-
up in ACT compared with ABMT, again with
medium to large effect sizes. These data therefore
reveal successful anxiety reduction effects using
low-intensity treatment in clinic-referred youths
with concerning anxiety.

These data and revelation are important
because they support the viability of attention
training, a low-intensity treatment, to reduce con-
cerning youth anxiety levels—impairing problems
that have been sorely underresearched. We
acknowledge though that our data raise tantalizing
questions that require further research. We high-
light these questions below and suggest possible
answers. We hope this discussion sparks increased
“attention on attention training” approaches and
enhance conceptual understanding of these treat-
ments, including mechanisms of action, and lead
to more efficacious and efficient treatments.

Two tantalizing and intertwined questions
relate to the optimal contingencies to use in atten-
tion training for concerning anxiety in youth and
the mechanisms by which attention training
reduces concerning anxiety in youth. The current
findings raise the possibility that the 50% neutral
training contingency in ACT may produce supe-
rior effects compared with the 100% neutral train-
ing contingency in ABMT. These findings were
statistically significant using youth self-ratings of
anxiety and parent ratings of youth impairment,
although the pattern of lower anxiety and impair-
ment in ACT was present across all informants (al-
beit not always statistically significant). When a
threat appears, it is adaptive to rapidly orient
attention to the threat to evaluate for potential rel-
evance and initiate cognitive-affective processes
related to defense or escape, as needed. If the
threat is not relevant, attention control is needed
to disengage attention from the threat, shift atten-
tion back to task-relevant stimuli, and maintain
attentional focus on task-relevant stimuli (Shi
et al., 2019). The balanced contingency in ACT
may train more flexible deployment of attention
by requiring participants to maintain focus on
task-relevant stimuli and ignore distracting threat-
ening stimuli that are irrelevant to efficient com-
pletion of the task (Badura-Brack et al., 2015;
Lazarov et al., 2019), possibly resulting in more
reductions in anxiety and related impairment.

Our finding that the focusing component of
attention control was associated with reductions
in anxiety severity is also consistent with this pos-
sibility that sustaining attention in the presence of
a distracting threat is a key mechanism in attention
training’s anxiety-reducing effects. Our finding
that total attention control and focusing, but not
shifting, were significantly associated with reduc-
tions in anxiety severity represents an important
and initial step in developing a mechanistic under-
standing of attention training’s anxiety-reduction
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effects. For example, improvements in the ability
to maintain focus on task-relevant stimuli in the
presence of distracting threats may be central to
anxiety reductions. Further research is needed to
test this idea.

Overall, the current findings contribute to the
growing evidence supporting attention control as
critical to the anxiety-reduction effects of attention
training, dampening the earlier conceptualization
of decreases in attention bias to threat as a key
mechanism to anxiety reductions (Heeren et al.,
2015; Linetzky et al., 2020; Pettit et al., 2020).
The lack of significant effects of treatment arm
on attention control, however, is consistent with
findings of some prior RCTs in youth with anxiety
disorders, highlighting the need for further mecha-
nistic research before concluding attention control
is indeed a key mechanism of anxiety reduction (de
Voogd et al., 2016; Linetzky et al., 2020; Pettit
et al., 2020).

Overall, these findings highlight the need for
more research on the optimal attention training
schedules for enhancing attention control and its
components among youth with concerning anxi-
ety. This includes research that systematically
manipulates both the training contingencies (e.g.,
10% neutral vs. 50% neutral vs. 90% neutral),
and the presence versus absence of distracting
threat stimuli to test whether balanced contingen-
cies result in more flexible deployment of atten-
tion, and whether effects on attention are most
salient in the presence of a distracting threat.

Another tantalizing question pertains to what
the optimal approach to help clinic-referred youth
with concerning anxiety might be, especially when
considered within the context of the observed
effect sizes. The medium to large effect sizes for
reductions in anxiety severity and impairment sup-
port the viability of low-intensity treatment. The
size of anxiety- and impairment-reduction effects
is encouraging given the resource-light features
(e.g., time, personal investment) of attention train-
ing. Also encouraging is that over 90% of partici-
pants attended all eight training sessions, further
supporting the viability of low-intensity treatment.
As we noted earlier, identifying efficacious,
resource-light treatments is critical given data
showing only 22% of youths with diagnosable
anxiety disorders access mental health services
(Costello et al., 2014). Lengthy, resource-heavy
treatments perhaps could be reserved for severe
cases and/or for youths with concerning anxiety
who have completed but not benefited from
attention training. Importantly, our prior research
supports not only the promise but also the
cost-effectiveness of attention training as a
low-intensity treatment in a stepped care approach
in youths with anxiety disorders, with higher-
intensity cognitive-behavioral therapy delivered
to the subset of youth that did not benefit from
attention training (Pettit et al., 2017; Yeguez
et al., 2020). Further development and evaluation
of this and other strategies for leveraging attention
training to treat concerning anxiety is warranted
to improve efforts to reduce youths’ distress and
impairment while using limited resources effi-
ciently. As such development and evaluation work
progresses, a key consideration will be ensuring
access to treatment without compromising
anxiety-reduction effects. Recent efforts to deliver
attention training in schools and remotely under
clinician supervision represent promising steps in
this direction (Alon et al., 2022; Waters et al.,
2019).

This study has several strengths and limitations.
Strengths include the double-blind, randomized
controlled design, the multi-informant assessment
approach, the use of independent evaluators, and
the assessment of global impairment. Another
strength is our focus on clinic-referred youths with
concerning anxiety, as noted a prevalent and
understudied population. Further, the high repre-
sentation of Hispanic/Latino youth in this sample
(66%) is a strength given the long-standing under-
representation of such youth in anxiety treatment
research in general (Pina et al., 2003, 2019) and
attention training research specifically. We know
of only two prior trials of attention training in pre-
dominantly Hispanic/Latino youth samples with
anxiety disorders, both of which supported atten-
tion training’s anxiety-reducing effects (Pettit
et al., 2017, 2020). We were unable to examine
the influence of youth ethnicity on response to
attention training in this study, although others
have noted that it is possible that the use of nonlin-
guistic training stimuli (i.e., faces) may make it
amenable to youth from diverse ethnic and linguis-
tic backgrounds (Amir et al., 2011).

A study limitation is the absence of a no-
treatment control arm and an alternative compar-
ison arm. Only three trials of attention training for
youth anxiety have included a no-treatment con-
trol arm; each trial evaluated a remotely adminis-
tered visual search for positive stimuli training
task, two among youth with anxiety disorders
(Waters et al., 2015, 2016) and one among unse-
lected youth (de Voogd et al., 2017). The two tri-
als among youth with anxiety disorders found
significantly enhanced anxiety reductions in the
active arms compared with the no-treatment con-
trol arm; the trial among unselected youth found
comparable anxiety reductions in all arms. As
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noted by others (Chang et al., 2019; Mogg et al.,
2017), a no-treatment control arm would have
allowed us to parse effects due to repeated assess-
ment, regression to the mean, and spontaneous
remission in this sample of clinic-referred youth
with concerning anxiety. An alternative compara-
tor arm that did not target attention control would
allow for firmer inferences about whether
enhancements in attention control accounts for
reductions in anxiety severity (Linetzky et al.,
2020). Additional limitations include the relatively
small sample, which hindered statistical power to
detect small effects, an absence of an independent
measure of attention to threat that does not use the
dot-probe paradigm, and a reliance on a rating
scale to measure attention control. In an ongoing
trial of attention training (ClinicalTrials.gov iden-
tifier NCT03932032), we supplement rating scales
with other tasks (e.g., antisaccade; Cardinale et al.,
2019) and methods (e.g., electroencephalography;
Bechor et al., 2019; Thai et al., 2016) to measure
attention control and attention allocation to
threat. With the cumulation of data from multiple
tasks and methodologies, researchers will be posi-
tioned to advance theory and treatment develop-
ment by mapping patterns of attention onto
neural circuitry and behavioral phenotypes of anx-
iety (Pettit & Silverman, 2020).

In summary, the current study supports the via-
bility of low-intensity treatments that involve
attention training for youth with concerning anxi-
ety. These novel data provide the impetus for fur-
ther efforts to help this population of youth while
maximizing use of limited treatment resources
effectively and efficiently. This demonstration of
anxiety reduction in a clinic setting also supports
investigation of attention training in community
or school settings where there are higher numbers
of youth with concerning anxiety (e.g., de Voogd
et al., 2017; Waters et al., 2019). The data further
set the stage for additional mechanistic research on
attention training protocols, using alternative
comparison arms and investigating optimal train-
ing contingencies for targeting attention control.
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