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ttention Bias Modification Treatment:
Meta-Analysis Toward the Establishment of
ovel Treatment for Anxiety

uko Hakamata, Shmuel Lissek, Yair Bar-Haim, Jennifer C. Britton, Nathan A. Fox, Ellen Leibenluft,
onique Ernst, and Daniel S. Pine

ackground: Attention Bias Modification Treatment (ABMT) is a newly emerging, promising treatment for anxiety disorders. Although
ecent randomized control trials (RCTs) suggest that ABMT reduces anxiety, therapeutic effects have not been summarized quantitatively.

ethods: Standard meta-analytic procedures were used to summarize the effect of ABMT on anxiety. With MEDLINE, January 1995 to
ebruary 2010, we identified RCTs comparing the effects on anxiety of ABMT and quantified effect sizes with Hedge’s d.

esults: Twelve studies met inclusion criteria, including 467 participants from 10 publications. Attention Bias Modification Treatment
roduced significantly greater reductions in anxiety than control training, with a medium effect (d � .61, p � .001). Age and gender did not
oderate the effect of ABMT on anxiety, whereas several characteristics of the ABMT training did.

onclusions: Attention Bias Modification Treatment shows promise as a novel treatment for anxiety. Additional RCTs are needed to fully
valuate the degree to which these findings replicate and apply to patients. Future work should consider the precise role for ABMT in the

roader anxiety-disorder therapeutic armamentarium.
ey Words: Anxiety disorders, attention bias modification treat-
ent, cognitive bias, meta-analysis, novel treatment, psychotherapy

nxiety disorders affect between 10% and 30% of individuals
(1–3), creating significant clinical burden (4). Nevertheless,
many affected individuals do not receive treatment (5), and

mong those who do, many continue to suffer (6,7). Hence, novel
reatments are needed.

Selective serotonin reuptake inhibitors (SSRIs) are an estab-
ished medication treatment. Nevertheless, some patients are re-
uctant to take SSRIs because of known side-effects or because

uch remains unknown about their mechanism of action. Particu-
ar concerns arise in children (8). Cognitive behavioral therapy (CBT)
s an established psychotherapeutic treatment (9). Nevertheless, as

ith SSRIs, problems arise with this treatment. Many patients do
ot have access, and the treatment is demanding for some of those
ho do (10). This is because some aspects of CBT require patients to
nderstand complex concepts and build relationships with a ther-
pist. Finally, not all patients achieve remission with CBT. Thus, data
n SSRIs and CBT suggest the need for novel therapies.

Recent work has generated interest in one such treatment: At-
ention Bias Modification Treatment (ABMT). Attention Bias Modifi-
ation Treatment arises from the notion that cognitive biases cause
athological anxiety, which also underlies models of CBT. Cognitive
ehavioral therapy targets a range of biases, on the basis of this

dea. It engages patients in explicit integrative processes by way of
erbalization, coupled with exposure to feared situations, so that
hey can interpret or learn that feared objects/situations are safe.
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Attention Bias Modification Treatment differs from CBT in that its
therapeutic action targets a specific bias in attention, extending
work implicating threat-related attention bias in anxiety (11).

The focus of ABMT on attention resonates with findings in trans-
lational neuroscience. Research in animal models suggests that
anxiety-related attention bias emerges from parallel-distributed
neural pathways, some of which place relatively limited demands
on cortically based networks and associated top-down interpretive
processes (8). Human brain imaging research implicates such par-
allel neural pathways in threat-related attention bias and interindi-
vidual differences in anxiety (8,12–14), suggesting that attention
bias in anxiety disorders involves both cortical and subcortical per-
turbations. Forms of CBT targeting top-down interpretive pro-
cesses might fail to fully target this subcortical component. Com-
pared with the explicit training techniques of CBT, attention
perturbation might be more easily shaped by ABMT, with its use of
repetitive, computer-based training methods targeting implicit,
subcortical processes (8). As such, ABMT might represent a novel
treatment that directly targets perturbed neural circuitry function.

In 1995, MacLeod (15) first suggested that ABMT might augment
available anxiety-disorder treatments. Training used the now clas-
sic dot-probe task, as illustrated in Figure 1. The task requires sub-
jects to identify a nonemotional probe, such as a letter or symbol
(e.g., a colon in Figure 1), which can appear in one of two spatial
locations, as also shown in Figure 1. Immediately before the probe
presentation, a threatening and a nonthreatening stimulus appear
simultaneously in two separate locations. Differences in response
time to probes appearing behind threatening and nonthreatening
stimuli indexes attention bias. For example, in Figure 1A, the probe
appears behind the threat-related word, and responses on these
trials are expected to be slower for individuals whose attention is
captured by threat or has difficulty disengaging from threat to
identify the probe’s spatial location.

MacLeod et al. (16) were the first to show that healthy individuals
could be trained to exhibit an attention bias toward threat, with an
associated increase in stress reactivity. Since then, other investiga-
tors attempted to use and extend this effect to reduce stress reac-

tivity by the way of reducing an attention bias toward threat, for
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xample with such a modified task composed of trials only from
igure 1B (17–34). Although the number of studies is small, enough
ata have accumulated to generate questions on the utility of
BMT. The current report provides a quantitative meta-analysis to
stimate effects of ABMT on anxiety.

ethods and Materials

iterature Search and Selection Criteria
Studies were selected through a computer search of English

eports in MEDLINE from January 1995 to February 2010 with the
ollowing key words: “attentional training and anxiety;” “attentional
etraining and anxiety;” or “attention modification and anxiety.”
his search was supplemented through a review of reference lists
nd correspondence with researchers. Studies were selected with
ve criteria: 1) the study investigated the impact of ABMT on anxiety
ymptoms in a randomized controlled trial (RCT); 2) use of the
ot-probe task; 3) use of a control group; 4) intention of reducing
nxiety; and 5) inclusion of at least two anxiety assessment points.
hese criteria initially were applied by the first author (YH) and then

ndependently reviewed by another (DSP); with disagreements ad-
udicated by all authors.

The search produced 817 articles, which were reduced to 19
ublished reports on ABMT treatment. Application of the afore-

igure 1. Two stimuli differing in emotional valence (threat or nonthreat)
re presented at the same time usually for 500 msec and then followed by a
robe (i.e., colon). In the classic dot probe task to measure an attention bias,
probe appears shortly after either of the locations that the two stimuli
ere presented, with the same frequencies (i.e., 50%, trials A and B are

qually mixed). By contrast, in the modified dot probe task (i.e., Attention
ias Modification Treatment), a probe always appears in the location of
eutral stimulus (i.e., 100%, only B trials).
entioned criteria led to the exclusion of nine reports. The first
reported study, by MacLeod et al. (16), was removed because the
experimental manipulation was not designed to reduce anxiety;
the assessment points for Experiment 1 were embedded in training
trials (i.e., no pre-ABMT assessment); and the control group in Ex-
periment 2 involved training subjects to attend toward negative
stimuli, which could enhance rather than reduce anxiety. The lack of
an appropriate control group and the use of a design intended to
increase anxiety led to exclusion of three other studies: Eldar et al.
(22), Krebs et al. (25), and Browning et al. (35). MacLeod et al. (33)
(Study 2) and Wadlinger and Isaacowitz (30) were excluded, be-
cause they did not include an anxiety outcome measure. A final set
of two studies was excluded, because neither used a modified
dot-probe task (36,37).1 After these exclusions, 12 sample datasets
from 10 published reports served as the target data. Three studies
examined the effect of ABMT on anxiety after stress exposure
(19,24,29), and one included a 4-month follow-up (32). Otherwise,
designs for eight other studies were similar: parallel-group RCT and
brief follow-up. Corresponding authors were contacted to facilitate
effect size calculations. Study characteristics appear in Table 1.

To investigate sources of heterogeneity, we considered six mod-
ifiers: 1) subject characteristics (patients or healthy individuals, anx-
ious or nonanxious); 2) training-target stimulus (faces or words); 3)
stimulus location (right or left, top or bottom); 4) stressor exposure
(presence or absence of stressor exposure after training); 5) out-
come measures (self-reported or clinician assessed); and 6) extent
of training (number of trials and sessions).

Computing Effect Sizes for Primary and Secondary Analyses
We first generated within-group effect sizes for ABMT and con-

trol groups. We then generated one effect size/experiment to index
the differential effect on anxiety between the two experimental
groups. Although some studies collected data on a range of symp-
toms, our primary goal was to estimate effects on anxiety. As a
result, the principal analysis used only anxiety measures. For studies
using more than one anxiety scale, effect sizes were computed per
scale and averaged. Additional analyses examined effects for spe-
cific scales. Cohen’s q (38) (pp. 109 –143) indexed effect sizes.

Standard software (Meta-Analysis Programs, version 5.3 [39] and
DSTAT [40]) was used. The q statistic is not a simple function of the
difference between two effect sizes (d), because the same differ-
ence between effect sizes can result in different outcomes, depend-
ing on where along the d scale this difference occurs. To address
this potential problem, the effect size d can be converted to an r
statistic. Then, the r statistic can be transformed with Fisher’s z (z �
1/2 loge � [1r/1 � r]) to generate the q statistic, which is the
difference between Fisher z scores across the experimental and
control groups. Cohen applies Fisher’s z because intervals along the
scale remain equal. As such, differences of the same magnitude can
be detected, regardless of the sizes of the z statistic in the experi-
mental and control groups. According to Cohen (38) (pp. 109 –143),
q reflects an effect size index comparable to the “d family” of effects,
and it can be converted to d by transforming q to r and then back to
d. Given the frequent reliance on other meta-analyses on this “d-
family” of effect sizes, the unbiased estimator d (Hedge’s d) was
used to index the between-group effect size of ABMT versus control
on anxiety and other symptoms. This d index was selected because
it corrects for the bias in estimation of population effect size (41).
Positive d values indicate greater improvement of outcome mea-

1Dandeneau et al. (36,37) trained biased attention in healthy individuals
using a visual search task. This procedure has also produced a promising
effect in reducing anxiety. However, this procedure is quite distinct from
a modified dot-probe task and thus we decided not to include these

results in the meta-analyses.

www.sobp.org/journal
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ures in ABMT compared with control. To estimate the overall effect
ize across studies, the weighted grand mean score was used for the
BMT and control groups.

To evaluate the file-drawer problem, we calculated a fail-safe N
or all effect-size subsets, thereby estimating the number of unpub-
ished studies with effect sizes of zero needed to reduce the aggre-
ated effect below significance (42). A fail-safe N was not computed

or effect-size aggregations producing nonsignificant results.
The overall effect size of changes in attention bias between pre-

nd post-ABMT was estimated in the same way as changes in anxi-
ty-related scales. Attention bias toward negative stimuli is usually
iven as the subtraction of mean response latencies to targets in

he location of neutral stimuli from that of negative stimuli. Of 12
tudies, 2 did not measure change in attention bias (24,32). From the
emaining 10, we obtained data from 7 studies, either through pub-
ished results or correspondence with authors. We also computed
pearman’s correlations to examine association between changes in
ttention bias and changes in anxiety pre- to post-ABMT.

Our secondary goal was to test for effects of moderators on
nxiety score changes as well as attention bias changes. These
ffects were estimated with two procedures. First, for categorical
easures including the subject characteristics, training-target

timulus, stimulus location, stressor exposure, and outcome mea-
ures, weighted mean effect sizes were generated from different
evels of a moderator and then compared with Qb tests (40). The Qb
tatistic is a between-group homogeneity test derived from Hedges
nd Olkin (41) that is analogous to a two-category pair-wise com-
arison. Second, moderation by continuous measures including

he extent of training, age, and gender was tested with weighted
east-squares analysis (effects weighted by sample size). For such
nalysis, the adjustment to the standard error recommended by
edges (43) was applied, and 95% confidence intervals (CIs) for the

tandardized regression coefficients were constructed. All tests are
wo-tailed with � set at .05.

esults

Thirty-nine effect sizes were computed with the 12 datasets
rom the 10 published reports. Study characteristics and 39 effect
izes/scale or assessment point are provided in Table 1. We gener-
ted one averaged effect size for each study, on the basis of these
ffect sizes, and then estimated the overall effect size across studies
s well as potential effects of categorical moderator variables. As a
esult, each of the 12 studies only contributed one effect size to
hese main analyses. These results appear in Table 2.

The primary analysis revealed a significant benefit of ABMT on
nxiety measures, with a medium effect size (d � .61, p � .001, 95%
I � .42–.81). This result was also supported by a relatively large

ail-safe n � 54. Figure 2 shows standard differences in means and
Is/study. This figure suggests the presence of three possible outli-
rs with particularly large effects (28,32). When the three studies are
emoved, the overall effect size is reduced but remains medium,
� .36 (k � 9, n � 372, p � .001, 95% CI � .15–.57; Qw � 12.52, p �

13) with a fail-safe n � 7.
Secondary analyses examined potential moderators (Table 2).

hen participants were divided into patients and healthy subjects,
was .78 (p � .001, 95% CI � .38 –1.20) in patients, a medium-to-

arge effect size, and .48 in nonpatients (p � .001; 95% CI � .27–.70).
evertheless, Qb is nonsignificant. In the three studies employing

tress exposure after ABMT, d was .77 (p � .001, 95% CI � .47–1.07),
ndicating a buffering effect of ABMT against stressor exposure. The

on trait-anxiety scales was significantly higher than that on state-
nxiety scales (d � 1.06, p � .001, 95% CI � .75–1.37 vs. d � .41, p �
001, 95% CI � .17–.65; Qb � 13.35, p � .001).

ww.sobp.org/journal
In categorical models, ABMT training procedures emerged as
moderators. Here, studies using verbal target stimuli (words) gen-
erated a larger effect than those using face stimuli (d � 1.29, p �
.001, 95% CI � .92–1.67 vs. d � .37, p � .005, 95% CI � .14 –.60; Qb �
18.19, p � .001). Similarly, studies using target stimuli presented in
a top-bottom formation yielded a significant effect size, although
those presented in a side-by-side formation did not (d � .79, p �
.001, 95% CI � .56 –1.03 vs. d � .21, p � .12, 95% CI � �.14 –.57;
Qb � 8.06, p � .01). For continuous models, regression analysis
considered age, gender, and extent of training; no moderators
predicted ABMT effect on anxiety.

As with analyses treating anxiety symptoms as an outcome,
analyses estimating the effect of ABMT on attention bias also
yielded a significant effect, in this instance with a large overall effect
size (d � 1.16, p � .001, 95% CI � .82–1.50). Table 3 presents results
from categorical moderator analyses. Similar to the result for anxi-
ety symptoms, studies using words generated a significant effect,
although those using face stimuli did not (d � 2.68, p � .001, 95%
CI � 2.13–3.23 vs. d � .30, p � .08; Qb � 46.32, p � .001). Also,
studies using target stimuli presented in a top-bottom formation
yielded a larger effect than those presented in a side-by-side forma-
tion (d � 2.22, p � .001, 95% CI � 1.65–2.80 vs. d � .62, p � .01, 95%
CI � .20 –1.04; Qb � 19.37, p � .001). Finally, for continuous moder-
ators, number of sessions significantly predicted effect of ABMT on
attention bias (� � 1.18, t � 37.33, p � .05, 95% CI � .54 –1.10).
Moreover, the correlation between magnitude of attention bias
change and anxiety change across studies was large although of
trend level significance (Figure 3).

Discussion

This review of 12 RCTs in 467 participants finds a statistically
significant medium effect of ABMT on anxiety with a relatively large
fail-safe calculation. Thus, a significant beneficial effect still would
be present even if 54 unpublished studies had produced null re-
sults. Given the early stage of research on ABMT, no head-to-head
trials compare ABMT with established interventions. Indeed, the
effect of ABMT on anxiety seems smaller than for SSRIs and CBT,
which typically produce large effects (6 –10).

In one sense, a difference in effect-size magnitude between
ABMT and SSRIs or CBT might seem unsurprising. Attention Bias
Modification Treatment is a limited, focused intervention, in terms
of clinician involvement. As a result, contributions to efficacy from
staff contact, other nonspecific factors, and expectancy are likely to
be small in ABMT. In addition, SSRIs or CBT trials exclusively focused
on clinical populations, whereas the ABMT RCTs analyzed in the
present report are mostly of nonclinical or subclinical populations.
Upon isolation of the ABMT RCTs conducted in clinical settings and
with clinical samples (20,21,32), the effect sizes are comparable to
those observed for CBT and SSRIs. Moreover, CBT often has been
compared with conditions, such as wait-list control, that are poorly
matched to the active treatment, in terms of nonspecific treatment
factors and expectancy (9,10). The studies of ABMT typically involve
tight experimental control in which all participants are exposed to
the exact same cue stimuli, number of training/placebo trials, num-
ber of treatment sessions, and overall procedures. As a result, al-
though the current data suggest that ABMT is probably inferior to
SSRIs and CBT, they also suggest a possible applicability of ABMT to
the overall management of anxiety.

The current analysis also showed a large effect size of ABMT in
reducing threat-related attention bias, indicating that, overall, the
attention training protocols are effective. The correlation between

effect sizes on attention bias change scores and on anxiety change
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cores was also large, suggesting that ABMT reduces anxiety via
ffects on attention bias. However, more studies are needed to
eveal the mechanism underlying the effects of ABMT on anxiety.

Benefits of ABMT seem to emerge under various experimental
onditions, in diverse samples, assessed with a variety of clinical
esponse measures. This conclusion is supported by the analyses of
eterogeneity in response (Table 2). Attention Bias Modification
reatment produced a greater effect on trait than state anxiety
easures. This suggests that ABMT might target the more enduring

spects of anxiety. Similarly, procedural factors also predicted re-
ponse: the nature of stimuli and their location moderated out-

able 1. Study Characteristics and Mean Effect Sizes (Hedge’s d)

tudya Population

No. of Subjects
Me
Age

Subj
ABMT
Group

Control
Groupb

mir et al. (21) Patients with GSP 22 26 29.

ldar & Bar-Haim (23) Low anxious students 15 15 22.
High anxious students 15 15 22.

lumpp & Amir (24) High anxious students 31 22 19.
chmidt et al. (32) Patients with GAD 18 18 23

ee et al. (29) Nonselected students 22 18 21.

azen et al. (18) High anxious students 12 12 19.

mir et al. (20) Patients with GAD 14 15 25.

mir et al. (19) High anxious adults 47 47 19
i et al. (26) High anxious adults 12 12 20.

athews & MacLeod
(28) Exp7

High anxious adults 15 14 N/

athews & MacLeod
(28) Exp8

High anxious adults 16 14 N/

GSP, generalized social phobia; STAI-T, state-trait anxiety inventory-trait
nd anxiety scale; BDI-II, Beck depression inventory-II; HAM-D, Hamilton r
TAI-S, state-trait anxiety inventory-state; GAD, generalized anxiety disorde
uestionnaire; WDQ, worry domains questionnaire; HRSA, Hamilton rating s
ocial phobia scale; FNES, fear of negative evaluation scale; N/P, not provide

aDefinition of categories for d: no effect (0�.2), low effect (.2�.5), mediu
bControl groups got through a normal dot-probe task (i.e., probe appea
cSignificant at p � .001.
dSignificant at p � .01.
eSignificant at p � .05.
ome. Specifically, studies that used a Top-Bottom stimulus presen-
tation achieved better effects than those using a Side-by-Side
presentation, as did studies that used words relative to pictures.
Interestingly, extent of training moderated effects on attention bias
but not anxiety symptoms. More work is needed to characterize the
nature and robustness of these influences. In particular, given the
relatively small number of studies, negative findings should be
viewed particularly cautiously. However, research on ABMT as an
evidence-based therapy remains immature, and well-controlled
clinical RCTs are costly. As a result, future research might be shaped
by results from these moderator analyses.

These data might shape therapeutics. If future RCTs yield posi-

Female
% of

Subjects

Blind
(Double/

Semi)

ABMT Condition

Pair of Target Stimuli (Probe
Apperance % After

Neutral/Happy Stimulus
Location)

Stimulus
Duration

(msec)

59 Double Neutral-Disgust Faces (100%) 500

73 Semi Neutral-Angry Faces (100%) 500
87 Semi Neutral-Angry Faces (100%) 500
40 Double Neutral-Disgust Faces (100%) 500
44 Double Neutral-Disgust Faces (100%) 500

60 Semi Neutral-Negative Words (100%) 500

65 Double Neutral-Threat Words (100%) 500

48 Double Neutral-Threat Words (100%) 500

51 Double Neutral-Disgust Faces (100%) 500
42 Semi Positive-Negative Faces (100%) 500

55 Semi Neutral-Negative Words (100%) 16 (as a mask,
50%) � 500
(50%)

57 Semi Neutral-Negative Words (100%) 16 (as a mask,
50%) � 500
(50%)

, Liebowitz social anxiety scale (clinician-administered); SPAI, social phobia
scale of depression (clinician-administered); SDS, Sheelan disability scale;
S, brief social phobia scale (clinician-administered); PSWQ, Penn state worry
f anxiety (clinician-administered); SIAS, social interaction anxiety scale; SPS,

fect (.5�.8), and high effect (�.8).
ither location of two different stimuli with equal frequency).
an
of

ects

35

64
72
55

55

3

5

54

P

P

; LSAS
ating
r; BSP
cale o
d.
m ef

rs in e
tive results, ABMT and similar computer-based training regimens
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ight be viable stand-alone treatments in patients who do not
ave access to CBT or SSRI treatment or who are either unwilling or

ncapable of undergoing such treatment. Attention Bias Modifica-
ion Treatment might also serve as a viable alternative for treatment
f children with anxiety disorders. However, only three of the re-
iewed studies of ABMT were conducted in anxiety-disorder pa-
ients, and none examined children. Although biased allocation of
ttention represents an important correlate of anxiety, it is only one
f many cognitive biases (44); differences in attention bias between
ealthy and anxious subjects are only moderate in size (11); and a
ignificant group of anxiety-disorder patients exhibit no biasing of
ttention. Future ABMT studies might consider the magnitude and
ature of the biases of patients, adopting a personalized medicine
pproach, before prescribing training protocols (see also Bar-Haim)
34).

Future studies could also test the utility of ABMT as an adjunct to
SRIs or CBT, both of which show strong effects but fail to produce
emission in many patients. Although SSRIs or CBT target a broad
rray of biases, ABMT provides a more focused, targeted approach
hat might augment the impact of the other treatments on atten-

able 1. Continued

ABMT Condition

Type of Stres

Stimulus Location
(Left-Right/

Top-Bottom)

No. of
Training

Trials

No. of
Sessions

(Days)

Top-Bottom 160 8 None

Left-Right 480 1 None
Left-Right 480 1 None
Top-Bottom 160 1 Speech Task
Top-Bottom 160 8 None

Left-Right 192 15 Moving to a foreign

Top-Bottom 1080 5 None

Top-Bottom 280 8 None

Top-Bottom 128 1 Public speaking
Left-Right 480 7 None

Top-Bottom 750 10 Exam

Top-Bottom 750 8 None
ion bias. Similarly, the finding in the current meta-analysis that

ww.sobp.org/journal
verbal stimuli seem more powerful than pictures when attempting
to alter anxiety might implicate personalized information as a tar-
get for training. This, in turn, might provide targets for other com-
puterized approaches, focused on various other biases to be altered
by novel treatments in anxiety. Taken together, such views reso-
nate with those emerging from neuroscience, emphasizing delin-
eation of the unique substrates that underlie distinct forms of learn-
ing (45). In fact, beyond the clinical relevance of the findings
reported in the current meta-analysis, the findings reported here
also might usefully shape theoretical views on anxiety disorder
pathophysiology and treatment.

In anxious patients, therapeutic goal-based learning might be
achieved through deliberative teaching, verbal instruction, and
guided experiences with threats. Each of these learning tasks is
targeted by CBT. Attention Bias Modification Treatment, by con-
trast, represents a focused attempt to teach patients one specific
skill, attention control. Available neuroscience literature suggests
that attention control abilities reflect competencies in specific, ded-
icated neural architecture. Thus, brain imaging studies on individ-
ual differences in anxiety implicate perturbed subcortical engage-

Outcome
Measures

Hedge’s d

Post-Training
Post-

Stressor
Follow-Up
(4 Months)

STAI-T �.10 — —
LSAS .43 — —
SPAI �.33 — —
BDI-II 1.12c — —
HAM-D .58 — —
SDS .89d — —
STAI-S .01 — —
STAI-S �.34 — —
STAI-S �.06 .36 —
BSPS 1.22d — 1.91c

LSAS 1.84c — 2.68c

SPAI 1.46c — 1.98c

STAI-T 3.98c — 8.68c

BDI-II 1.12d — 1.77c

ntry STAI-S — .60 —
STAI-T — .79e —
PSWQ 1.10 — —
STAI-T .79 — —
BDI 1.00 — —
STAI-T 1.06d — —
STAI-S 1.63c — —
BDI-II .09 — —
WDQ .72 — —
PSWQ .44 — —
HRSA .99e — —
HAM-D .43 — —
STAI-S .11 1.07c —
SIAS .94e — —
SPS �.18 — —
FNES .48 — —
STAI-T 5.76c — —

STAI-T 2.60c — —
sor

cou
ment to threats presented relatively rapidly or outside the focus of
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ttention (12–14). Prior work on other forms of learning, such as
otor skill development, suggest that abilities moderated by sub-

able 2. Tests of Categorical Models of Study Characteristics in Anxiety Sco

ategorical Variables and Relevant Contrasts k

ll Within Study Effect Sizes Averaged 12
ype of Participants

1. Patient 3
2. Healthy subjects 9

a. High anxious 7
b. Non-High anxious 2
Contrast 1 (1 vs. 2)
Contrast 2 (2a vs. 2b)
Contrast 3 (1 vs. 2a)
Contrast 4 (1 vs. 2b)
Contrast 5 (1�2a vs. 2b)

ype of Outcome Measures
1 Self-reported anxiety (state)c 10
2 Spielberger State Anxiety 6
3 Self-reported anxiety (trait) � Spielberger Trait Anxiety 7
4 Social anxietye 4
5 Generalized anxietyg 2
6 Self-reported anxietyh 12
7 Self-reported depressioni 4
8 Self-reported measuresj 12
9 Clinician-assessed anxietyk 3

10 Clinician-assessed depressionl 2
11 Clinician-assessed measuresm 3
12 All anxiety measures 12
13 All depression measures 4

Contrast (2 vs. 3)n

Contrast (4 vs. 5)
Contrast (12 vs. 13)o

ype of Training Target Stimulus
1. Face 7
2. Word 5

Contrast 1 (1 vs. 2)
ype of Stimulus Location

1. Top-Bottom 8
2. Left-Right 4

Contrast 1 (1 vs. 2)
ssessment Followed by Stressor Exposure After Attention

Bias Modification Treatment
3

k, number of effect sizes; d�, effect sizes weighted by the reciprocal of th
ize of �.00� needed to attenuate the average effect size below significa
omogeneity analogous to a pairwise comparison; other abbreviations as i

aHedge’s d. Definition of categories for d: no effect (0 –.2), low effect (.2–
bSignificant at p � .001.
cSelf-reported anxiety (state): STAI-S, BSPS, LSAS, SPAI, FNES, PSWQ, WD
dSignificant at p � .05.
eSocial anxiety includes Amir et al. (21): GSP, Klumpp and Amir (24): mild

i et al. (26): social interaction anxiety by SIAS.
fSignificant at p � .01.
gGeneralized anxiety includes Amir et al. (20): GAD and Hazen et al. (18):
hSelf-reported anxiety combines the self-reported anxiety (state) and th
iSelf-reported depression: BDI or BDI-II.
jSelf-reported measures includes all self-reported measures whether the
kClinician-assessed anxiety includes: BSPS, LSAS, HRSA.
lClinician-assessed depression: HAM-D.
mClinician-assessed measures: BSPS, LSAS, HRSA, HAM-D.
nIn the Qb comparison between STAI-S and STAI-T, two sets of data from

xcluded because Qb analysis does not allow an overlap of data from the sa
oIn the Qb comparison between All anxiety measures and All depression

l. [32]; Hazen et al. [18]; Amir et al. [21]) were excluded because of the reaso
roups.
ortical pathways, such as habitual responses, might be most effi-
ciently shaped through repeated exposures to specific, focused
tasks, as occurs in ABMT, even without verbal instruction or delib-

anges

d�a (95% CI) Fail-Safe n Qw Qb

.61b (.42–.81) 53.99 91.28b

.78b (.38–1.20) 15.04 25.58b

.48b (.27–.70) 39.32 70.57b

.62b (.36–.87) 38.92 61.95b

.36ns (�.29–1.02) 1.64 1.87ns

.94ns

.93ns

.49ns

1.86ns

1.38ns

.41b (.21–.61) 12.27 28.06b

.41b (.17–.65) 6.37 14.72d

1.06b (.75–1.37) 73.49 97.20b —
.33f (.06–.60) 2.55 3.21ns

.93b (.36–1.50) 7.28 .93ns

.59b (.39–.77) 58.79 107.33b

.90b (.55–1.26) 13.89 7.11ns

.63b (.44–.83) 55.95 91.75b

.92b (.53–1.32) 12.73 8.54d

.51d (.06–.97) 3.12 .10ns

.95b (.55–1.35) 12.48 6.98d

.61b (.42–.81) 53.99 91.28b

.85b (.50–1.21) 13.15 4.92ns

13.35b

3.51ns

1.83ns

.37f (.14–.60) 9.79 34.37b

1.29b (.92–1.67) 45.79 38.71b

18.19b

.79b (.56–1.03) 55.50 78.48b

.21ns (�.14–.57) .04 4.74ns

8.06f

.77b (.47–1.07) 8.05 4.01ns

riances; CI, confidence interval; fail-safe n, the number studies with an effect
Qw, test of within-category homogeneity; Qb, test of between-category
le 1.
edium effect (.5–.8), and high effect (� .8).

SA, SPS, SIAS, SPQ.

social anxiety by LSAS, Amir et al. (19): high level social anxiety by LSAS, and

ological worry by PSWQ.
-reported anxiety (trait).

for assessing anxiety or depression.

et al. (20) and See et al. (29), which have effect sizes on both measures, were
mple across groups.

sures, four studies that have effect sizes on both (Amir et al. [20]; Schmidt et
t Qb analysis does not allow an overlap of data from the same sample across
re Ch

n

467

113
384
284

70

408
276
236
219
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467
137
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113
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113
467
137

315
152

343
124

187

eir va
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n Tab
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level

path
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erative teaching (8,46). By contrast, attention control also is likely to
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e shaped by multiple, convergent neural pathways—much like in
otor learning (46). In the case of ABMT, available research impli-

ates lateral expanses of prefrontal cortex in the control of attention
8). The only imaging study to examine the effect of ABMT found
hat, consistent with these observational data, training altered lat-
ral frontal regions in healthy individuals in tandem with attention
iases (35). This suggests that both frontal-cortical and subcortical
ircuitry might be targeted by ABMT.

For various reasons, the review generates only tentative conclu-

igure 2. Size of round circle reflects sample size. CI, confidence interval.

Table 3. Tests of Categorical Models of Study Characte

Categorical Variables and Relevant Contrasts k n

All Within Study Effect Sizes Averaged 7 20
Type of Participants

1. Patient 0 —
2. Healthy subjects 7 20

a. High anxious 5 13
b. Non-High anxious 2 7
Contrast 1 (2a vs. 2b)

Type of Training Target Stimulus
1. Face 3 8
2. Word 4 12

Contrast 1 (1 vs. 2)
Type of Stimulus Location

1. Top-Bottom 3 8
2. Left-Right 4 12

Contrast 1 (1 vs. 2)

Abbreviations as in Tables 1 and 2.
aHedge’s d. Definition of categories for d: no effect (0–.
bSignificant at p � .001.

cSignificant at p � .01.

ww.sobp.org/journal
sions. Perhaps most importantly, the review is based in a relatively
small number of studies, containing relatively few patients with
anxiety disorders, performed by a limited number of research
groups. Moreover, the available data, as illustrated by an asymmet-
rical funnel plot and variable effect sizes across the 12 experiments,
suggest heterogeneity in treatment response and possibly some
degree of outliers, although findings remained significant albeit
weakened when the three findings with the strongest results were
removed. Such patterns are not unusual in early research on prom-

in Attention Bias Changes

d�a (95% CI) Fail-safe n Qw Qb

1.16b (.82–1.50) 78.11 98.95b

— — — — —
1.16b (.82–1.50) 78.11 98.95b

1.27b (.88–1.67) 36.48 29.81b

.84b (.16–1.51) 43.16 65.40b

.87ns

.30ns (�.13–.74) 1.57 1.70ns

2.68b (2.13–3.23) 77.53 50.94b

46.32b

2.22b (1.65–2.80) 34.03 12.48c

.62c (.20–1.04) 44.99 67.10b

19.37b

effect (.2–.5), medium effect (.5–.8), and high effect (� .8).
ristics

7

7
7
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sing novel treatments. Given the promising nature of these early
esults, the next few years might herald a growing series of RCTs
valuating ABMT as a treatment for anxiety disorders.

In closing, this meta-analysis indicates that ABMT shows
romise as a novel treatment for anxiety disorders. These results
merge from an initial, small series of RCTs demonstrating
reater benefits on anxiety from ABMT, relative to control-train-

ng regimens. Reflecting a translational approach, the ideas for
BMT emerge from a melding of cognitive and neuroscience

heory over the past 20 years. These ideas generate novel proce-
ures that might enhance currently available treatments fo-
used on perturbed cognition. Given the role for perturbed cog-
ition in many common, impairing psychiatric disorders, such an
pproach in the anxiety disorders might serve as a guide for
eveloping other novel learning-based therapies in a range of
onditions.
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