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Social anxiety disorder (SAD) tends to emerge during the
early teenage years and is particularly refractory to change
even when standard evidence-based CBT treatments are
delivered. Efforts have been made to develop novel,
mechanistic-driven interventions for this disorder. In the
present study, we examined Attention Bias Modification
Treatment (ABMT) for youth with SAD. Participants were
58 adolescents (mean age = 14.29 years) who met diagnostic
criteria for SAD and who were randomized to ABMT or
a placebo control condition, Attention Control Training
(ACT). We predicted that ABMT would result in greater
changes in both threat biases and social anxiety symptoms.
We also explored potential moderators of change including
the severity of social anxiety symptoms, the level of threat
bias at pretreatment, and the degree of temperament-defined
attention control. Contrary to our hypotheses, changes in
attention bias were not observed in either condition, changes
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in social anxiety symptoms and diagnosis were small, and
significant differences were not observed between the
ABMT and ACT conditions. Little support for the proposed
moderators was obtained. Reasons for our failure to find
support for ABMT and its potential moderators are
explored and recommendations for changes in the ABMT
paradigm are suggested.
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IN RECENT YEARS the efficacy of cognitive-behavioral
therapy (CBT) for the treatment of anxiety disorders
in youth has been well established (see Higa-
McMillan, Francis, Rith-Najarian, & Chorpita,
2016, and James, James, Cowdrey, Soler, &
Choke, 2013, for reviews). For the most part, this
evidence has been obtained from “standard” CBT
interventions that typically consist of 10 to 16weekly
sessions delivered on an outpatient basis in either
individual or group format. Although effective for a
majority of youth, between 25% and 40% do not
remit and are not diagnosis free following standard
CBT (Higa-McMillan et al., 2016; James et al., 2013).
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Moreover, it has been shown that over half of those
who are diagnosis free following this treatment
approach are no longer diagnosis free at long-term
follow up (Ginsburg et al., 2014). Furthermore, these
remission rates are considerably lower for youthwith
social anxiety disorder (SAD) than youth with other
anxiety disorders as documented in major clinical
trials in the United States and Australia (Ginsburg
et al., 2011; Ginsburg et al., 2014; Hudson et al.,
2015; Walkup et al., 2008).
With an average age of onset in early to mid-

adolescence, SAD consists of a marked and persistent
fear of social or performance situations in which
embarrassment or humiliation might occur
(American Psychiatric Association, 2013). Indeed, it
is the most common anxiety disorder seen in
adolescence and adulthood and ranks third in lifetime
prevalence among all psychiatric disorders, following
only major depressive disorder and alcohol depen-
dence (APA, 2013). It is estimated that the prevalence
of SAD during adolescence is between 10% and 15%
in the United States (Merikangas et al., 2010) and
Europe (Essau, Conradt, & Petermann, 1999).
Findings suggest that SAD follows a chronic, unre-
mitting course in the absence of effective treatment
(Ginsburg et al., 2014; Ollendick, Benoit, & Grills-
Taquechel, 2014).
In partial response to the prevalence of SAD and its

long-termprognosis, recent trends havewitnessed the
development of novel interventions as supplements
to “standard” CBT treatments or as stand-alone
treatments (see Öst & Ollendick, 2017). One such
treatment is Attention Bias Modification Treatment
(ABMT), a computer-based treatment which has its
origins in the seminal work of MacLeod, Mathews,
and Tata (1986), who showed an attentional bias
toward threat in individualswith an anxiety disorder.
This bias has been affirmed in systematic qualitative
reviews and meta-analyses with adults (MacLeod &
Clarke, 2015) and youth (Dudeney, Sharpe,&Hunt,
2015; Field & Lester, 2010; Puliafico & Kendall,
2006).However, it should benoted that these reviews
indicate that biases are not present in all anxiety
disordered individuals. Indeed, up to 50%of anxious
children and adolescents do not show a bias toward
threat. Attempts to determine which youth show the
bias and which ones do not have been largely
unsuccessful (see Eldar et al., 2012), although some
promising findings have been reported. First, in their
meta-analysis of youth with anxiety disorders,
Dudeney and colleagues (2015) concluded that this
bias was greater in adolescents than in children
(although some exceptions exist; see Carmona et al.,
2015). Second, Roy et al. (2008) andWaters, Mogg,
Bradley, and Pine (2011) have shown this threat bias
tends to exist primarily in youth with higher levels of
anxiety symptoms. Thus, both age of the participants
and their level of anxiety severitymay be important in
determiningwhich anxious youth are likely to display
threat-related attentional bias.
ABMTprotocols use the dot-probe task developed

by MacLeod et al. (1986) to both assess the threat
bias and then to treat the bias by systematically
redirecting attention away from the threat stimuli.
Threat (i.e., anger, disgust) and neutral stimuli are
presented simultaneously (either verbally or pictori-
ally), withdrawn, and then a probe is presented in the
location ofwhere either the neutral or threat stimulus
was located. During assessment, the probe is
presented equally often in the location of the neutral
and threat stimulus. Bias is indicated by a faster
reaction time to probes in the location of the threat
stimulus relative to probes following the neutral
stimulus. In treatment, neutral and threat stimuli
once again appear simultaneously but the probe is
presented at the location of the neutral stimulus in
80% to 100%of the trials. This systematic pairing of
the probe with the neutral stimulus is thought to
create a contingency between the neutral stimulus
and the target location facilitating change in atten-
tional processes away from threat (see Bar-Haim,
2010).
Several randomized controlled trials (RCTs) com-

paring ABMT to active control conditions, most
oftenAttentionControl Training (ACT) as a placebo,
have been conducted with adults with SAD as well as
other anxiety disorders. Meta-analyses have largely
shown small-to-medium effects on changes in both
attention bias and anxiety symptom measures in
these studies (Hakamata et al., 2010; Linetzky,
Pergamin-Hight, Pine,&Bar-Haim, 2015;Mogoaşe,
David,&Koster, 2014; Schmidt,Richey, Buckner,&
Timpano, 2009). In children and adolescents, the
results have been more mixed, with one recent meta-
analysis of 23RCTs indicating that although small to
medium effects were demonstrated for changes in
threat biases, small and nonsignificant effects were
observed for changes in self-report, parent-report,
and clinician-report of anxiety (Cristea, Mogoaşe,
David, & Cuijpers, 2015). These authors also
reaffirmed that not all youthwith an anxiety disorder
in these studies demonstrated the threat bias, that
age-related differences in attentional biases exist, and
that much of the inconsistency in findings might be
related to the common practice of lumping youth
with different anxiety disorders together (e.g., not
only SAD, but also generalized anxiety disorder,
separation anxiety disorder, specific phobia, and
panic disorder) in the same clinical trials. Recently,
Pergamin-Hight and colleagues (2015) demonstrated
the content specificity of attentional biases and
distorted beliefs associated with the various anxiety
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disorders, suggesting that it might be important for
the threat stimuli used in these studies to be tailored
to the specific disorders under study. In the usual dot-
probe paradigm, the facial stimuli which depict anger
and disgust might be more salient to SAD (Abend
et al., 2018) and less so, for example, to specific
phobia or separation anxiety disorder, thus poten-
tially masking the effects of the potential bias in these
studies.
In a recent study with youth diagnosed with SAD

as their primary anxiety disorder, Pergamin-Hight,
Pine, Fox, andBar-Haim (2016) explored the efficacy
of ABMT against ACT. They also examined several
possible moderators of treatment outcome (i.e., age
of the participant, baseline threat-related attentional
biases, and attention control as measured by the
Attention subscale of the Early Adolescent Temper-
ament Questionnaire–Revised; EATQ-R; Ellis &
Rothbart, 2001; Putnam, Ellis, & Rothbart, 2001).
Adolescents were randomly assigned to ABMT and
ACT conditions. Youth in both conditions received 8
training sessions delivered twice aweek over 4weeks.
Unexpectedly, both conditions resulted in significant
reductions in threat biases, as well as reductions in
clinician-rated and self-reported anxiety. Age was
found to moderate the social anxiety outcomes with
older youth showing a greater response to ABMT
than ACT on self-reported but not clinician-rated
anxiety—affirming age-related findings as suggested
by Dudeney et al. (2015) and Cristea et al. (2015).
Significant moderating effects of attention control
were also found such that youth whose parents
reported themas being lower in the ability to shift and
control attention benefitted more from ABMT than
did youth whose parents rated them as higher in
attention control. However, baseline attentional bias
scores were not found to moderate treatment
outcomes associated with either self-report or
clinician-rated anxiety.
Given thesemixed findings,we set about comparing

ABMT toACT in this RCTwith the aimof addressing
the specific shortcomings identified in the earlier trials.
First, we enrolled only adolescents between 12 and 16
years of age who were reliably diagnosed with SAD
via a semistructured diagnostic interview. Second, we
used a set of pictorial stimuli expressing angry or
neutral adolescent faces since these expressions may
be particularly salient to SAD in adolescence (see
Coffman et al., 2015 and Wieckowski et al., 2016).
This is novel as other ABMT studies have used adult
face stimuli. Third, we delivered both conditions twice
a week over a 5-week period for a total of 10 sessions
in an attempt to provide sufficient trials tomore firmly
create the contingency between the neutral stimuli and
the target location to facilitate change in attentional
processes away from threat (as recommended by Bar-
Haim, 2010). Fourth, we explored moderators of
change on measures of both self-report and clinician-
rated social anxiety as recommended by Pergamin-
Hight et al. (2016). Fifth, preliminarily, we endeav-
ored to determine if changes in threat appraisal
mediated changes in social anxiety, as suggested by
the underlying assumptions of ABMT.
Specific hypotheses were as follows: (1) ABMT

wouldproduce greater reductions in threat biases than
ACT; (2) ABMTwould produce greater reductions in
self-report, parent-report, and clinician-report social
anxiety symptoms relative to ACT; and (3) again,
preliminarily, changes in attentional biases would
mediate changes in social anxiety symptoms. In
addition, we conducted exploratory analyses related
to the potential moderating roles of baseline threat
related attentional bias, social anxiety severity, and
attention control.

Method
participants

Participants were male and female adolescents
between 12 and 16 years of age who met diagnostic
criteria for SAD (see below). Adolescents were
recruited through referrals from child psychiatric
services, local mental health clinics, school health
services, primary care practices, and community
advertisements. Recruitment occurred over a 3-year
period (2014–2016). Prior to enrollment, parents
completed a brief telephone screen to determine the
potential fit of their daughter or son for the study.
If the telephone screen suggested potential fit, the
adolescents and their parents were invited to
complete pretreatment measures at our university-
affiliated clinic. Prior to completing any measures,
all adolescents provided informed written assent
while their parents/caregivers provided parental
permission for their son or daughter to participate.
Seventy-five adolescents were referred to the study

and completed the initial eligibility assessment at the
university clinic. Inclusion criteria for participation
consisted of: (a) individuals 12–16 years of age, (b) a
clinical diagnosis of SAD as determined by a
semistructured diagnostic interview, (c) full scale IQ
of 80 or above, (d) stable psychotropic medication
as determined by no dosage changes for at least 4
weeks, and (e) no ongoing psychosocial intervention
for social anxiety–related concerns. Participants
were excluded from the trial if they met criteria for
autism spectrum disorder, childhood schizophrenia,
and/or psychopathology that warranted more
immediate clinical care such as suicidal ideation.
Fifty-eight adolescents were advanced to the

clinical trial (see Figure 1 for CONSORT Flow
Chart). Although all participants met criteria for
SAD, comorbidity with other anxiety disorders was
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common: 65.5% also met criteria for generalized
anxiety disorder, 44.8% for a specific phobia, and
5.2% for separation anxiety disorder. Other non-
anxiety diagnoses were present but in more limited
numbers (b 10%). SAD was the primary diagnosis
for 62% of participants; however, SAD was the
reason for referral in all instances.
Descriptive statistics for demographic variables of

the participants are presented in Table 1. Adolescents
were primarily female (70.7%) and averaged 14.29
years of age (range = 12–16, SD = 1.30). The racial
breakdown was primarily White (84.5%), followed
by Black/African-American, Hispanic/Latino, and
Asian. Mean gross family income was relatively
high, averaging $93,804 (range = $23,000–
$285,000, SD = $54,037.51). Two adolescents were
prescribed anti-anxiety medication (both selective
serotonin reuptake inhibitors) while they were en-
rolled in the study; however, per our inclusion criteria
the dosage had not been changed for at least 4 weeks
preceding their first appointment or was not changed
during the clinical trial.

measures

Anxiety Disorders Interview Schedule for
DSM-IV-Child and Parent Versions (ADIS-IV-C/P;
Silverman & Albano, 1996)
The ADIS-IV-C/P is a semistructured interview
designed to assess anxiety and related disorders in
childhood and adolescence. Trained and research-
reliable clinicians, supervised by a licensed clinical
psychologist, assigned a severity rating (CSR) on a
9-point scale (0–8, with any rating ≥ 4 indicating
diagnostic presence) on both the child and parent
interviews. Psychometric properties of the ADIS-C/P
are good (Silverman, Saavedra & Pina, 2001). For
purposes of this study, separate clinicians adminis-
tered the ADIS-C and ADIS-P. Final diagnoses were
derived based on composite rules recommended by
Silverman and Albano such that the higher CSR of
the adolescent or parent was used to determine
diagnosis and for subsequent analyses. The ADIS-
Table 1
Sample Characteristics

Variable ACT
(n= 29)

ABMT
(n = 29)

Mean age 14.24 14.34
% Female 72.4% 69%
% Caucasian 89.7% 79.3%
Mean Family Income $91,416 $96,192
Family Income (%)
Less than $25,000 0 3.85%
$25,000 to $49,999 12% 19.23%
$50,000 to $99,999 44% 30.77%
$100,000 or more 44% 46.15%
IV-C/P was administered at the pretreatment,
posttreatment, and follow-up assessment sessions.
Training on the ADIS-IV-C/P consisted of a

workshop, practice interviews, and observation of
administration conducted by a reliable clinician. The
administrations were videotaped and approximately
30% (n = 17) of the diagnostic interviews were
reviewed by a second clinician. Interrater agreement
on theCSR scorewashigh; across the child andparent
interviews, agreement (i.e., CSR within one point of
each other) was 94% and 100%, respectively.

Screen for Child Anxiety Related Disorders, Child
andParentVersion (SCARED;Birmaher et al., 1997)
The SCARED is a self-report and parent-report
measure used to assess various facets of anxiety in
youth. The SCARED consists of 41 items and yields
scores for Panic Disorder, Generalized Anxiety,
Separation Anxiety, Social Anxiety, and School
Avoidance, in addition to a Total Score. The test-
retest reliability, internal consistency, and discrimi-
nant validity are well-established (Birmaher et al.,
1997). Additionally, the SCARED has been used as a
measure of treatment outcome (Birmaher et al.). In
the current sample, internal consistency was good for
both parent report of the Social Anxiety subscale (α =
0.81) and adolescent report (α = 0.83). The self-
report and parent-report SCARED was administered
at pretreatment, midpoint, posttreatment, and
follow-up assessment sessions.

Early Adolescent Temperament
Questionnaire-Revised Short Form (EATQ-R; Ellis
& Rothbart, 2001; Putnam et al., 2001)
EATQ-R measure targets common experiences for
adolescents and assesses temperament and self-
regulation. Both adolescents and parents completed
this questionnaire by rating a list of statements on a
5-point scale (1 =Almost always untrue to 5 =Almost
always true). We used the Attention Control subscale
(6 items) that assesses the capacity to focus attention as
well as the ability to shift attention when desired. In
the current sample, internal consistency was
Total Sample
(n = 58)

T-test or Chi-square comparing
treatment conditions

14.29 t(56) = .301, p = .764
70.7% x2(1) = 0.083, p = .500
84.5% x2(1) = 0.277, p = .470
$93,804 t(50) = .316, p = .753

1.96%
15.69%
37.25%
54.10%
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acceptable for both parent-report of the Attention
Control subscale (α = 0.79) and adolescent report (α =
0.71). The self-report and parent-report EATQ-R
were administered at pretreatment, midpoint, post-
treatment, and follow-up assessment sessions.

Dot Probe Task
All participants completed a dot probe task at the
pretreatment, midtreatment, posttreatment, and
follow-up sessions in order to assess changes in
attentional threat bias. In probe detection tasks,
stimulus durations for both faces and probes have
varied considerably across studies. Within the adult-
focused literature, a vigilance effect for negative faces
has been consistently found for shorter durations
(175 ms–200 ms; Pishyar, Harris, Menzies, 2008),
with somewhat more mixed results as presentation
times approach 500 ms to 600 ms (Bradley et al.,
1997; Mogg, Philippot, & Bradley, 2004; Stevens,
Rist, & Gerlach, 2011; Vassilopoulos, 2005),
and virtually no effects at longer durations (1000–
1250 ms; Mogg, Bradley, Miles, & Dixon, 2004;
Mogg, Philippot, et al., 2004). This gradient also
generally mirrors patterns observed in community
samples (Cooper & Langton, 2006). Thus, the
likelihood of measuring attentional bias appears to
depend heavily on timing, with somewhat stronger
evidence for briefer as compared to longer stimulus
durations (cf. Bantin, Stevens, Gerlach, & Hermann,
2016).
Each trial of the dot probe task startedwith viewing

a central fixation cross, with an inter-trial interval
of 500–1000 ms. Next, participants viewed a pair of
adolescent facial images from the NIMH-CheFS
adolescent stimulus set (Egger et al., 2011), which
were adapted for purposes of the present project
(Coffman et al., 2015). The faces were positioned
above and below the former location of the central
fixation. Facial images remained on the screen for
300 ms. Images were either neutral or angry adoles-
cent faces. Adolescents were instructed to watch the
screen, look for a letter “E” or “F,” and press the
left or right mouse button, which corresponded to
the letter “E” and “F” respectively, as quickly and
accurately as possible. Consistent with previous
studies, a letter replaced the neutral face in 50% of
the trials and remained on the screen for 250 ms. Each
dot probe task consisted of 160 trials, which lasted
approximately 12minutes. For the 160 trials, 32 trials
included pairs of neutral faces, and 128 trials included
one neutral face and one angry face.

procedure

Assessment Sessions
Adolescents and their parents completed five
separate assessment sessions throughout the study.
The first two sessionswere pretreatment assessments,
with each lasting approximately 2.5 hours. During
the first pretreatment assessment, both child and
parent participants consented to the study’s proce-
dures. Participants were informed about the study
design and the randomization process, which would
assign individuals to either an experimental computer-
based treatment (ABMT) or a control condition
(ACT). Pretreatment assessments consisted of the
adolescent completing the ADIS-C, dot-probe task,
and self-report questionnaires, in addition to several
other experimental tasks and questionnaires not
examined in this study. Trained graduate-level
clinicians served as the assessment evaluators. During
the pretreatment assessments, one clinician adminis-
tered the adolescent battery, while a second clinician
obtained information from the parent. The adoles-
cent’s parent completed the ADIS-IV-P and several
questionnaires regarding their daughter or son. After
the second session, eligibility was determined, and
the adolescent was randomized to one of the two
conditions, ABMT or ACT. The assessment clinicians
were privy to the study’s aims, yet they remained
blind to the participant’s treatment condition after
randomization. The randomizationwas completed by
research staff not directly involved in assessment or
treatment sessions. The third assessment, themidpoint
session, took approximately 1 hour to complete,
and occurred after the 5th treatment session, midway
between the 10 sessions. The midpoint assessment
consisted of the adolescent completing the dot probe
task and several self-report questionnaire measures
while their parent completed several questionnaires
regarding their child, including the SCARED and
the EATQ-R. The endpoint assessment occurred
approximately 1 week following treatment, and the
follow-up assessment was scheduled for approxi-
mately 3 months thereafter. Both the endpoint and
follow-up sessions took approximately 2 hours to
complete and consisted of adolescents and their
parents completing themajority of the samemeasures
completed at pretreatment, including the dot-probe
and ADIS-IV modules that were clinically significant
at pretreatment. At the end of the 3-month follow-up
session, participants and their parents were informed
of which condition they were randomized to and
were provided further resources for treatment if
desired/needed. Participants were unblinded by a
member of the research teamwhowas not involved in
treatment administration.

Treatment Sessions
The ABMT consisted of a modified dot probe task,
adapted from Schmidt and colleagues (2009) for
adult participants. Our ABMT task was modified
to include adolescent faces from the same stimulus
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set as those used in the dot probe. Each participant
was randomly assigned a graduate clinician who
administered the computerized intervention (described
below).Assessment evaluators and treatment clinicians
remained distinct for all participants. Both the partici-
pant and the clinician were blind to the participant’s
treatment status (i.e., ABMT or ACT). Participants
completed the treatment sessions twice a week, for
5 weeks (total of 10 sessions). Before each session
participants and their parents completed a question-
naire about the adolescent’s anxiety. Each treatment
session took approximately 30 minutes.
During the computerized interventions, each trial

started with viewing a central fixation cross, which
was presented for 500–1000 ms. Next, participants
viewed a pair of adolescent facial images, which
were oriented above and below the former location
of the central fixation. Images remained on the
screen for 300 ms. Images were either neutral or
angry adolescent faces. In the ABMT condition, a
letter replaced the neutral face in 100% of the trials,
FIGURE 2 Example of an ABMT trial where attention is direct
face (top).
and in the ACT condition the letter replaced the
neutral face in 50% of the trials. The instructions for
the task were the same as described above for the dot
probe task. Each condition consisted of 160 trials,
which lasted approximately 12 minutes. For the 160
trials, 32 trials included pairs of neutral faces, and
128 trials included one neutral face and one angry
face. A visual schematic of a sample ABMT trial is
depicted in Figure 2.
Subsequent to the training, the clinician engaged the

adolescent in casual conversation for about 5 minutes
to foster ongoing rapport. Clinicians were instructed
to discuss neutral topics (e.g., school, hobbies), to not
ask about specific social challenges, to not engage in
any CBT techniques, and to not provide any general
advice on how to deal with their social anxiety. These
conversations were videotaped. Two independent
reviewers (trained graduate clinicians) reviewed the
tapes. To ensure protocol adherence, all videos of the
training sessions were reviewed and coded for
neutrality of conversation content as well as presence
ed towards the neutral face (bottom) rather than the angry
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of any CBT elements. The neutrality of conversation
content scale examined the extent to which the
participant’s social or performance concerns were
discussed during the session. For the presence of CBT
elements scale, potential components consisted of
therapeutic strategies such as psychoeducation, cog-
nitive challenging, and introduction of coping skills.
Both categories were evaluated on a 1- to 5-point
Likert scale developed by the study’s research team, in
which the highest value (5) was optimal for each scale.
For example, “social anxiety or performance topics
were not raised by the adolescent or initiated by the
clinician” and “the clinician employed no elements of
CBT” were the highest values for the neutrality of
content scale and absence of CBT components scale,
respectively.
In order to test for inter-rater reliability, a randomly

selected subsample of videos (21.6%, n = 108) was
coded by two reviewers independently. For the
absence of CBT components scale, no conversation
was coded as consisting of any of the related
therapeutic strategies. Thus, the intraclass correlation
coefficient was not calculated for this scale.We found
high agreement between raters for the neutrality of
content scale (single ICC = 0.93).

data analyses

Datawere analyzedwith IBMSPSS Statistics Version
23. Missing values at both the posttreatment and
3-month follow-up assessments were imputed using
the multiple imputation procedure in SPSS (IBM
Corp.). As suggested by Enders, Mistler, and Keller
(2016), it is questionable practice to drop those
participants with missing data (possibly biasing the
results in favor of those who completed the trial and
lowering power for analyses). Enders has shown that
multiple imputation estimations provide reliable
results and work especially well for testing interac-
tions between categorical and continuous variables
as we do in this study. There were no significant
differences between the two conditions in percentage
of missing data at the posttreatment,χ2 (1, n = 58) =
0.89, p = .345, or 3-month follow-up assessments,
χ2 (1, n = 58) = 0.70, p = .401. Adolescent sex was
included in all hierarchical regression analyses and
Analyses of Covariance (ANCOVAs) as a covariate
due to the sample being predominantly, but not
entirely, female. Additionally, independent sam-
ples t-tests indicated significant differences be-
tween males and females on ADIS CSRs and self-
reported social anxiety on the SCARED. The
pretreatment score for the outcome variable being
assessed in each regression analysis was also
included as a covariate. Repeated Measures ANO-
VAs were used to assess change in attentional
biases and social anxiety severity across assessment
sessions. Adolescent sex (0 =Male, 1 = Female) and
treatment condition (0 = ABMT; 1 = ACT) were
included as dichotomous variables, while all other
variables were continuous. Significant moderation
effects were explored at three levels of the
moderator variable: one standard deviation
below the mean, mean, and one standard deviation
above the mean. As noted above, social anxiety ADIS
CSRs used in the analyseswere the compositeCSRs at
each assessment session. SCARED social anxiety
scores were analyzed separately for adolescent and
parent report.

Results
descriptive analyses

See Table 2 for means and standard deviations of
study variables. The ABMT andACT groups did not
differ from one another at pretreatment assessment.
SeeTable 2 for test statistics andp-values.Differences
at posttreatment and follow-up are commented upon
below.

Hypothesis 1. ABMT Would Produce Greater
Reductions in Threat Biases Relative to the Placebo

A repeated measures ANCOVA assessing change
in threat biases across time indicated that neither
the time effect, F(3, 53) = 0.88, p = .460, η2 = .05,
nor the time by treatment condition interaction
effect, F(3, 53) = 1.16, p = .333, η2 = .06, were
significant.

Hypothesis 2. ABMT Would Produce Greater Reduc-
tions in Self-Report, Parent-Report, and Clinician-
Report Social Anxiety SymptomsRelative to the Placebo

Using repeated measures ANCOVAs, for ADIS
CSRs, the time effect, F(2, 54) = 1.52, p = .229, η2 =
.05, and the time by treatment condition interaction
was not significant, F(2, 54) = 0.52, p = .60, η2 =
.02. For SCARED social anxiety scores based on
parent report, the time effectwas significant,F(3, 53) =
3.49, p = .022, η2 = .17, but the time by treatment
condition interaction was not, F(3, 53) = 0.54, p =
.655, η2 = .03. When SCARED social anxiety scores
based on the child report are considered, the time
effect was not significant, F(3, 53) = 1.83, p = .154,
η2 = .09, while the time by treatment condition
interaction was significant, F(3, 53) = 3.31, p =.027,
η2 = .16. Specifically, while on average SCARED
scores for participants in the ACT condition gradu-
ally reduced from pretreatment to posttreatment and
then remained consistent at 3-month follow-up,
SCARED scores for participants in the ABMT
condition continued to decrease linearly from pre-
treatment to posttreatment to the 3-month follow-up
assessment.



Table 2
Descriptive Statistics for Study Variables Across Treatment Condition and Time

Variable/Timepoint ACT
(n = 29)

ABMT
(n = 29)

Range M(SD) Range M(SD) t-value

SAD Clinical Severity (ADIS-C/P)
Pre-treatment 4-7 5.52(0.79) 4-7 5.41(0.98) -0.44†

Post-treatment 2-6 4.83(0.97) 2-6 4.77(0.94)
3-month Follow-up 1-6 4.55(1.12) 1-7 4.75(1.14)

SCARED SAD Adolescent Rating
Pre-treatment 3-14 10.76(3.25) 0-14 9.07(3.87) -1.80†

Post-treatment 0-14 7.88(3.65) 1-14 8.17(3.10)
3-month Follow-up 0-14 8.08(3.79) 1-13 7.10(2.90)

SCARED SAD Parent Rating
Pre-treatment 3-14 10.90(3.20) 5-14 11.76(2.63) 1.12†

Post-treatment 2-14 9.64(2.82) 3-14 10.24(2.54)
3-month Follow-up 2-14 8.11(3.11) 4-14 9.47(2.69)

Dot Probe Threat Bias Score
Pre-treatment -.46-.35 -0.032(0.210) -.44-.35 -0.021(0.210) 0.20†

Post-treatment -.28-.30 0.019(0.149) -.32-.31 0.018(0.175)
3-month Follow-up -.48-.43 -0.023(0.252) -.37-.32 0.022(0.184)

EATQ-R Attention Control Adolescent Rating
Pre-Treatment 1.67-4.83 3.24(0.79) 1.83-4.67 3.26(0.66) 0.15†

EATQ-R Attention Control Parent Rating
Pre-Treatment 1.67-4.33 3.01(0.74) 1.33-5.00 3.16(0.88) 0.70†

Note. † p N .05.

134 ollend ick et al .
Hypothesis 3. Changes in Attentional Biases Would
Mediate Changes in Social Anxiety Symptoms

Because we did not find significant changes in
threat biases across time (Hypothesis 1), we did not
test whether changes in attentional biases mediated
changes in social anxiety symptoms.

exploratory moderation analyses

Baseline Threat Related Attentional Bias
Baseline threat bias scores did not significantly
moderate the relationship between treatment con-
dition and ADIS CSRs at posttreatment,ΔR2 = .01,
F(1, 52) = 0.54, p = .468, or 3-month follow-up,
ΔR2 = .00, F(1, 52) = 0.02, p = .902. Results were
consistent for SCARED social anxiety scores based
on both parent and child report. Baseline threat bias
scores did not significantly moderate the relationship
between treatment condition and posttreatment
SCARED scores per parent, ΔR2 = .00, F(1, 52) =
0.12, p = .732, or child report,ΔR2 = .00, F(1, 52) =
0.09, p = .767 for child, or between treatment
condition and 3-month follow-up SCARED scores
per parent, ΔR2 = .00, F(1, 52) = 0.11, p = .747, or
child report, ΔR2 = .00, F(1, 52) = 0.02, p = .897.

Baseline Social Anxiety Severity
Severity of social anxiety symptoms did not signifi-
cantly moderate the relationship between treatment
condition and ADIS CSRs at posttreatment, ΔR2 =
.02, F(1, 53) = 1.06, p = .308, or 3-month follow-up,
ΔR2 = .02, F(1, 53) = 1.36,p= .249. Likewise, severity
of social anxiety symptoms, as measured by parent
reported SCARED, did not significantly moderate the
relationship between treatment condition and
SCARED scores at posttreatment, ΔR2 = .04, F(1,
53) = 2.56, p = .115, or 3-month follow-up, ΔR2 =
.02, F(1, 53) = 1.47, p = .231, and severity of social
anxiety symptoms, as measured by child reported
SCARED, did not significantly moderate the relation-
ship between treatment condition and SCARED
scores at posttreatment, ΔR2 = .05, F(1, 53) = 3.77,
p = .057. However, severity of social anxiety symp-
toms as measured by adolescent reported SCARED
did significantly moderate the relationship between
treatment condition and SCARED scores at 3-month
follow-up, ΔR2 = .11, F(1, 53) = 9.79, p = .002.
Specifically, adolescents whose self-reported

SCARED social anxiety scores were one SD below
the sample’s mean at the pretreatment assessment
showed significantly lower SCARED scores at
3-month follow-up if they received ABMT than if
they received theACT condition (B= -2.26, SE =1.10,
p = .046). No significant differences between treat-
ment conditions were found at mean levels of
pretreatment social anxiety (B = -0.20, SE = 0.75,
p = .791). However, at high levels of pretreatment
social anxiety scores (e.g., one SD above the mean),
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adolescents’ 3-month follow-up SCARED scoreswere
higher if they received the ABMT condition (B = 2.66,
SE = 1.07, p = .016).

Baseline Attention Control
Pretreatment attention control, as reported by the
parent on theEATQ-R, did not significantlymoderate
the relationship between treatment condition and
ADIS CSRs at posttreatment, ΔR2 = .00, F(1, 52) =
0.03, p = .864, or 3-month follow-up, ΔR2 = .06,
F(1, 52) = 3.82, p = .056, When adolescent self-
reported attention on the EATQ-R was considered,
attention did not significantly moderate the relation-
ship between treatment condition and ADIS CSRs
at posttreatment,ΔR2 = .01, F(1, 52) = 0.39,p = .534,
or 3-month follow-up,ΔR2 = .00, F(1, 53) = 0.08, p =
.782.
Pretreatment attention control, as reported by the

parent on the EATQ-R, did significantly moderate
the relationship between treatment condition and
parent-rated SCARED social anxiety at posttreat-
ment,ΔR2 = .12, F(1, 52) = 8.10, p = .006, but not at
3-month follow-up, ΔR2 = .00, F(1, 52) = 0.17, p =
.682. Specifically, adolescents whose pretreatment
attention control scoreswere high (i.e., one SD above
the sample’s mean) had significantly lower SCARED
social anxiety at posttreatment if they received the
ABMT condition than if they received the control
condition (B = -2.30, SE = 0.94, p = .018). No
significant differences between treatment conditions
were found at mean (B = -0.40, SE = 0.66, p = .545)
and low (B = 1.50, SE = 0.93, p = .115) levels of
attention.

Discussion
Although ABMT has shown considerable promise
in the treatment of anxious adults, findings for
adolescents show less promise (Cristea et al., 2015;
Dudeney et al., 2015). Given that SAD often onsets
during early adolescence (APA, 2013; Ollendick
et al., 2014), that the vast majority of teens with SAD
either do not receive evidence-based treatments or do
not respond to these treatments (Ginsburg et al.,
2011, 2014; Higa-McMillan et al., 2016), and that
many adolescents indicate preference for technology-
driven interventions such as ABMT over traditional
clinic-based therapy (Spence, Donovan, March,
Kenardy,&Hearn, 2017), it is crucial that alternative
treatments are developed and rigorously evaluated.
The primary focus of this RCT was to compare one
such technology-based treatment, ABMT, to an
attention placebo control condition, ACT, in the
treatment of SAD in adolescents. In doing so, we
attempted to address several of the shortcomings
noted in previous studies by enrolling only adoles-
cents who had a confirmed diagnosis of SAD, using
pictorial stimuli designed specifically for adolescents
expressing SAD–relevant angry faces, and providing
10 sessions of treatment to more firmly establish the
contingency between the neutral stimuli and the
target location to produce changes in attentional
processes away from threat, as recommended by
Bar-Haim (2010) andPergamin-Hight andcolleagues
(2016). Contrary to our expectations, we found no
evidence for change in threat biases on the dot-probe
task or changes in clinical severity ratings on the
ADIS-C/P in either our ABMT or ACT conditions.
Moreover, although we found changes in social
anxiety symptoms in both conditions, the reduction
in symptoms were small and comparable over time in
both conditions based on parent and adolescent
reports. Furthermore, very few of the youth were
diagnosis free following treatment (between 10%and
14%). These findings are consistent with themajority
of findings reviewed by Cristea and colleagues (2015)
in their recent meta-analysis.
Recent research in this area (e.g., Dudeney et al.,

2015; Pergamin-Hight et al., 2016) has suggested that
one of the reasons for the lack of salutatory effects for
ABMT among teens is related to characteristics of the
adolescents that might serve to moderate treatment
outcomes. Person-specific variables such as the extent
of pretreatment attention bias, the severity of social
anxiety symptoms, and the level of attention control
have been suggested. In this study, we explored each
of these variables and found limited to no support for
them. Severity of social anxiety as determined by the
ADIS-C/P failed tomoderate the relationshipbetween
treatment condition and parent-reported social anx-
iety symptoms at either posttreatment or 3-month
follow-up; however, for adolescent self-report of
social anxiety symptoms, adolescents who self-
reported less social anxiety prior to treatment
reported significantly less social anxiety at 3-month
follow-up (but not at posttreatment) if they received
ACT and not ABMT. Although intuitive that the less
impaired youth would continue to be relatively less
anxious following treatment, it is not clear why this
was seen only for those in the attention control
condition. It is certainly conceivable that the ACT
condition used in our study provided the necessary
contingency between the neutral stimuli and the
target location (50% of the trials) to produce
subsequent changes in self-reported social anxiety,
especially so for those individuals low in social
anxiety. This finding however, has not been reported
previously and replication is needed to determine if
this finding is a robust one.
In addition, parent-reported attention control

significantly moderated the relationship between
treatment condition andparent-rated social anxiety at
posttreatment but not at 3-month follow-up.
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Specifically, adolescents whose pretreatment atten-
tion control scores were high had significantly lower
social anxiety, as rated by their parents, at posttreat-
ment if they were randomized to the ABMT
condition. That is, if the adolescents who had the
pretreatment capacity to focus their attention as well
as shift their attention away from threat received
ABMT they did better than youth in the control
condition. Although interesting and again intuitive,
these findings are in contrast to those reported by
Pergamin-Hight and colleagues (2015), who found
that youth whose parents reported them as lower in
attention control benefitted more from ABMT than
youthwhose parents rated them as higher in attention
control. It should be noted, however, that the
Pergamin-Hight review did not focus on SAD
specifically, but rather a range of disorders (e.g.,
PTSD, specific phobia). This is important because of
the strong association between social anxiety and self-
focused attention and negative affect. Lonigan and
colleagues (2004), for example, have postulated that
the interaction of negative affect and effortful control
determines patterns of attentional allocation toward
threatening stimuli. In particular, attention control
may promote resilience, even in psychologically
vulnerable youth (e.g., Lonigan & Vasey, 2009). In
our study, it is conceivable that teens with higher
attention control were better able to more fully
assimilate the retraining and thereby experience
reduced social anxiety. However, once again, repli-
cation is needed to determine if this finding is robust
across samples.

limitations

Although we based our ABMT design on experimen-
tal techniques that havemetwith success inmodifying
attention and anxiety symptoms in adults with SAD
(e.g., Schmidt et al., 2009), it is possible that the
executive functioning capacities needed to benefit
from this design are underdeveloped in early and
middle adolescence (see Monk et al., 2003). As
such, it is possible that underdeveloped executive
control systems played a role in our failure to find
group differences. However, with the exception of a
relatively briefer duration (e.g., 300 msec vs
500 msec), our ABM protocol mirrored the proce-
dures used successfully in adults. Most prior work in
the attentionmodification literature with both youth
and adults has focused on the middle range of
presentation times (500 ms; see Heeren, Mogoaşe,
Philippot, & McNally, 2015, for review). In light of
the generally mixed evidence for such protocols, we
opted to use a presentation time of 300 ms for facial
stimuli in our study. This decision was not only
informed by reaction-time based studies which have
suggested that the early vigilance effect decreases as
stimulus duration increases (cf. Bantin et al., 2016),
but also electrophysiological data focusing on auto-
matic neural processing of threat stimuli in social
anxiety. Data from event-related potentials (ERPs)
collectively suggests that an early automatic stage of
processing associated with enhanced early ERPs
to threat-related stimuli occur within 100–200 ms
of onset (P1, P2, N2; Straube, Mothes-Lasch, &
Miltner, 2011). These early potentials are associated
with automatic perceptual orienting, whereas more
controlled and conscious stages of processing are
associated with enhanced responses of late positive
components beginning around 300 ms (Schupp et
al., 2000; Straube et al., 2011). Thus we reasoned
that if ABM truly targets“biased” attention,which is
premised upon enhancements in neural systems for
rapid orientation toward threat, then the training
effect should be potentiated by relatively briefer
stimulus durations in the range of 100-300 ms. Thus,
we believe that our choice of 300 msec was
warranted and that it provided a better test of biased
attention than does the use of 500 msec. Of course,
this too awaits further inquiry, perhaps even a study
directly comparing stimulus durations of not only
300 msec and 500 msec but also a longer duration of
up to 800 msec for youth.
In addition, it is important to consider how

procedural elements of the trial may have provided
inadvertent exposure, particularly for socially anxious
youth. Specifically, the procedural 5-minute conver-
sations between the therapists and the participating
youth might have resulted in therapeutic effects
(i.e., exposure). Further, videotaping the conversa-
tions could also constitute exposure for social anxiety.
This additional exposure was unavoidable as video-
taping of the sessionswas required per the institution’s
review board protocol. Together, these factors may
account for a portion of the noted treatment effects,
although once again the treatment effects were not
robust ones. Finally, it is important to note that due to
the stimulus set used in our study (adolescent facial
images from the NIMH-CheFS adolescent stimulus
set; Egger et al., 2011), we were not able to explore
whether utilization of disgust stimuli as opposed to
anger stimuli would have resulted in different
outcomes. Since disgust has also been found to be
associated with attention in social anxiety (e.g., Amir,
Najmi, Bomyea, & Burns, 2010; Buckner, Maner, &
Schmidt, 2010), it is important to explore this socially
threatening emotion in future studies.

future directions

Although attention bias was initially conceptualized
as heightened attention orienting (MacLeod et al.,
1986), recent work has suggested the involvement of
alternative attention processes, such as difficulty in
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disengagement of attention, which may involve a
longer time course (Cisler&Koster, 2010). In support
of this hypothesis, neuroimaging work has suggested
the most common ABM paradigm, the dot probe, is
instead a measure of attention disengagement (Price
et al., 2014). Further research is needed to elucidate
the attention processes addressed by ABMT, and the
optimal stimuli duration to target these processes.
Further, given that a growing body of literature

raises concern about the sensitivity and reliability of
reaction time scores on the dot probe task, use of
alternative research methodologies, such as eye
tracking, should be considered in future ABMT
work in order to determine if overt indices of
attention are more sensitive to the measurement
and thus change in attention biases to threat.

conclusions

In sum, this RCT includes one of the largest andmost
rigorously characterized samples of adolescents with
SAD participating in ABMT to date. Our results
suggest ABMT, as we implemented it, is no more
effective than an attention control placebo in
reducing social anxiety or targeting the mechanism
of interest—attention bias. Clinically, observed
changes were modest and very few of the youth
were diagnosis free following treatment or 3 months
thereafter. Our findings, along with those of others,
suggest that ABMT as it is currently used may not be
effective and that modifications in the ABMT
paradigm may be necessary before more substantial
effects can be obtained with adolescents.
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