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Attentional bias modification and attention 
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Abstract
Background: Cognitive models of post-traumatic stress disorder (PTSD) highlighted the effect 
of maladaptive cognitive processing in the development and maintenance of PTSD. PTSD 
is related to attentional bias (AB) toward threatening stimuli and greater attentional bias 
variability (ABV). Attentional bias modification (ABM) and attention control training (ACT)  
have demonstrated the effect of improving PTSD, but the results of randomized controlled 
trials (RCTs) are controversial.
Objectives: The current study aimed to evaluate the extent of evidence supporting the efficacy 
of ABM in the treatment of PTSD.
Design: Systematic review and meta-analysis.
Methods: We searched PUBMED, PsycINFO, EMBASE, ClinicalTrials.gov, and the Cochrane 
Central Register of Controlled Trials for articles published between 1980 and 2022. RCTs of 
ABM for adult participants with PTSD symptoms were identified. The primary outcome was 
changes in PTSD severity, and the second outcome was changes in AB and ABV. Trial quality 
was assessed using the Cochrane Risk of Bias Tool. Publication bias was assessed using the 
Doi plot and  Luis Furuya-Kanamori (LFK) index.
Results: Eight RCTs comparing the effect of ABM to ACT were included in the review, and six 
studies were meta-analyzed. Meta-analysis favored ACT in improving PTSD symptoms and 
ABV, and the effect size was large. ABM and ACT demonstrated similar effects in improving AB.
Conclusion: ACT should not only be seen as a control training condition but also has 
therapeutic values. However, since the current meta-analysis only included a limited 
number of studies, further research was still needed to examine the clinical value of ACT in 
PTSD treatment.
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Plain language summary 

Attentional bias modification and attention control training in PTSD

We summarized and analyzed studies on attentional bias modification (ABM) and 
attention control training (ACT) in PTSD. Our findings indicated that ACT was a more 
effective treatment condition. This study highlights the therapeutic value of ACT.
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Introduction
Post-traumatic stress disorder (PTSD) symptoms 
are characterized by maladaptive responses to 
traumatic events, including re-experience, avoid-
ance, hyperarousal, and negative alterations in 
cognition and mood.1 PTSD seriously interferes 
with the normal work and life of individuals and 
increases an individual’s suicide risk.2 The life-
time prevalence estimate for PTSD using the 
Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition, Text Revision (DSM-
5-TR) criteria is 6.8% for U.S. adults.1

In the past 30 years, several information process-
ing theories have been proposed to elucidate the 
development and maintenance of PTSD, and 
these theories highlighted dysfunctions in cogni-
tive processes contributing to PTSD. In support 
of these cognitive models, accumulating evidence 
has shown that patients diagnosed with PTSD 
process information in biased ways during the 
attention process stage.3 For example, studies 
have shown that participants diagnosed with 
PTSD respond more rapidly when they were 
faced with threatening stimuli compared to non-
threatening stimuli, showing attentional toward 
threats [i.e. attentional bias (AB)].4 But other 
researchers have also found that participants with 
more severe PTSD symptoms were more likely to 
demonstrate attentional avoidance of threats and 
illustrated delayed responses to threats.5

The traditional way of evaluating AB in PTSD 
was to compare the average reaction time (RT) of 
threatening stimuli to non-threatening ones, but 
as Zvielli et al. pointed out, this traditional view 
was based on the hypothesis that AB in PTSD 
was expressed stably or statically and that each 
subject might either express AB toward or away 
from threats.6 However, this hypothesis has not 
been tested.7,8 Instead, they raised the concept of 
attentional bias variability (ABV), which provided 
a dynamic approach to the understanding of AB 
in PTSD. ABV illustrates the inconsistent atten-
tional strategy that may reflect and/or lead to 
incomplete processing of trauma, as individuals 
oscillate between different attentional patterns 
(i.e. attentional toward threats and attentional 
away from threats).9,10 Studies have illustrated 
that ABV showed good reliability and validity in 
participants diagnosed with PTSD.11 Researchers 
have also found that participants with PTSD 
exhibited significantly greater ABV than those 
without PTSD.8

Fortunately, the biased attentional processing in 
PTSD could be modified. There was evidence 
that both AB and ABV could be modified with 
attentional bias modification (ABM).12,13 In 
ABM, negative AB was fixed by guiding subjects 
to unconsciously increase attention to non-threat-
ening stimuli. In randomized controlled trials 
(RCTs), ABM was generally compared with the 
attention control training (ACT) for efficacy. 
ACT did not direct subjects’ attention to either 
threatening stimuli or non-threatening stimuli 
and allowed the subject to maintain his or her 
original attentional characteristics. There are 
already several meta-analyses that compared the 
effect of ABM and ACT and revealed the efficacy 
of ABM in anxiety and depression. These studies 
have contributed to the development and spread 
of ABM as a novel cognitive intervention 
method.14 For example, Heeren et al.15 found that 
ABM produced a small but significant reduction 
in social anxiety disorder (SAD) symptoms and 
AB. In another study of depression, researchers 
found that compared with ACT training, ABM 
had a greater effect on the improvement of 
depressive symptoms.16 However, in previous 
meta-analyses, the efficacy of ABM on PTSD 
has not been discussed. Despite ACT tradition-
ally being viewed as a control condition for ABM, 
there was evidence suggesting that ACT might 
have a more favorable impact on the improve-
ment of PTSD compared to ABM.17 These sur-
prising findings needed to be summarized by 
meta-analysis. Also, in previous meta-analyses, 
the outcome of ABV was rarely mentioned. In 
the only meta-analysis and systematic review on 
ABV, researchers found that both ABM and con-
trol training showed similar levels of ABV change 
during the intervention.18 However, this meta-
analysis included not only PTSD but also other 
psychiatric disorders,18 which might have an 
impact on the results. Taken together, the cur-
rent meta-analysis aimed to compare the efficacy 
of ABM to ACT on the improvement of PTSD, 
AB as well as ABV.

Methods

Study selection
This meta-analysis was carried out following the 
Preferred Reporting Items for Systematic Review 
and Meta-Analyses (PRISMA) statement (see 
Supplemental material for PRISMA statement of 
the present study).19 This study was registered at 
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the International Prospective Register of system-
atic reviews (PROSPERO; https://www.crd.york.
ac.uk/PROSPERO/), and the registration num-
ber was CRD42021247012. The study was 
approved by the ethics review committee of Naval 
Medical University. The protocol of the current 
study was not prepared.

We conducted a comprehensive literature search 
strategy for RCTs of ABM in PTSD. The follow-
ing databases were searched: PUBMED, 
PsycINFO, EMBASE, ClinicalTrials.gov, and 
the Cochrane Central Register of Controlled 
Trials. English-language articles published in 
peer-reviewed journals between 1980 (the year 
PTSD was first included in the DSM) and 
December 2023 were considered for inclusion. 
See Figure 1 for the detailed strategies.

The flow of information from identification to 
inclusion of studies was summarized in the 
PRISMA diagram depicted in Figure 2. From the 
initial 205 emerging publications, duplicates  
were removed, and the abstracts from the remain-
ing 104 publications were screened. Then we 
screened the title, abstract, and full text using the 
following criteria:

Inclusion criteria: (a) random assignment, (b) 
using ACT as the control condition, (c) subjects 
aged ⩾18, (d) standardized measures of symp-
toms, (e) one or more sessions of ABM during 
treatment, and (f) published in scientific journals 
in English.

Exclude criteria: (a) the study was not designed 
specifically to manipulate AB; (b) participants 
were not randomly allocated to training condi-
tions; (c) control conditions were not used; (d) 
the studies designed ABM in combination with 
other treatment as intervention; (e) commentary, 
editorial, case report, study protocol, or review; 
and (f) articles that could not be retrieved in 
full-text.

The total search was conducted by two authors 
(C.H. and F.Z.) independently using the above 
search strategy. They also screened the title and the 
abstract independently to identify studies that met 
the above eligibility criteria (with 100% concord-
ance). During the full-text stage, two authors had a 
disagreement about an article, which was eventu-
ally resolved by consulting a third author (W.L.). 
Finally, seven relevant articles (eight studies in 
total) were identified by reviewing their abstracts 
and full texts. They were published between 2013 
and 2022. Two studies did not offer complete pre- 
or post-training data and were not included in the 
meta-analysis; however, for better review of cur-
rent research progress, study design and results of 
the two studies were included in Table 1.

Data extraction
Data on the following variables were collected: 
author, year of publication, characteristics of par-
ticipants (age, gender, trauma types), treatment 
conditions, type of trauma, number of sessions, 
training materials, number of participants, and 

Figure 1. Search strategy for the current study.

1.  “Post-Traumatic Stress Disorder” OR PTSD OR “Stress Disorder, Post-Traumatic” 
OR “Post Traumatic Stress Disorders” OR “PTSD symptoms” OR PTSS OR 
trauma* OR traumatize*

2.  “attentional bias modification” OR ABM “attention training” OR “attention control 
training” OR ACT OR “cognitive bias modification” OR “cognitive bias” OR 
“attentional bias” OR “attention bias” OR “attention control” OR “attention 
vigilance” OR “attention avoidance” 

3.  (randomized controlled trial OR RCT OR controlled clinical trial).pt.
4.  (randomized or randomized OR RCT OR randomly OR placebo OR trial OR 

groups).ti,ab.
5. 3 OR 4
6. 1 AND 2 AND 5
7.  NOT(child* OR infant* OR paediat* OR pediat* OR adolescen* OR young or 

youth).ti.
8. 6 AND 7
9. limit 8 to (English language and yr=“1980 -Current”)
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Records identified from

PUBMED, PsycINFO, EMBASE, 

ClinicalTrials.gov, and the 

Cochrane Central Register of 

Controlled Trials (n=734)

Records removed before the 

screening:

Duplicate records removed 

(n=529)

Records screened by publication 

type

(n = 205)

Records excluded if publication 

type met the exclusion criteria

(n = 104)

Reports screened against title 

and abstract

(n = 101)

Reports excluded based on 

inclusion and exclusion criteria

(n =81)

Reports assessed for eligibility

(n = 20)
Reports excluded:

No appropriate control (n = 7)

Case report (n=1)

Study protocol (n=2)

ABM was combined with other 

interventions (n=2)

Studies included in the review

(n = 8)

Reports of included studies

(n = 6)

Identification of studies via databases and registers
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Figure 2. PRISMA flow diagram.
PRISMA, Preferred reporting items for systematic review and meta-analyses.

primary outcome measures (see Table 1). Among 
the k = 8 ABM versus ACT studies, k = 6 studies 
provided complete data and were analyzed. 
Follow-up data were not included, because only 
one study reported follow-up data.23 Dependent 
variables were classified as PTSD, AB, and ABV. 
Each study’s characteristics were extracted by 
one author (F.Z.) and checked independently by 
a second author (C.H.).

Assessment of outcome variables
The current meta-analysis mainly focused on the 
efficacy of ABM training on three outcome 

variables: PTSD, AB, and ABV. PTSD severity 
was generally assessed by self-report scales like 
the clinician-administered PTSD scale (CAPS), 
the Self-Rating Inventory for Post-traumatic 
Stress Disorder (SRIP), the PTSD Checklist 
(PCL), etc. If PTSD severity was measured by 
more than one instrument, the primary outcome 
index was employed. Across studies, AB and 
ABV were both typically assessed through the 
dot-probe paradigm. In this paradigm, a pair of 
stimuli with one threatening stimulus (e.g. an 
angry face) and one neutral stimulus (e.g. a neu-
tral face) showed first, and after they disappeared, 
a probe would occur in the same location as either 
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the threatening stimulus (threat trials) or the neu-
tral stimulus (neutral trials). AB was calculated 
for each participant as the differences between the 
mean RT on threat-incongruent trials (i.e. the 
probe appeared in the location previously occu-
pied by the neutral stimulus) and mean RT on 
threat-congruent trials (i.e. the probe appeared in 
the location previously occupied by the threaten-
ing stimulus). Thus, the positive value of AB indi-
cated an AB toward threats. In the current 
included studies, ABV was generally calculated 
following Naim et al.’s steps.24 First, mean RTs 
for 10 successive neutral trial blocks and 10 suc-
cessive threat trial blocks were calculated. Then, 
a series of bias indexes were calculated by sub-
tracting the first threat block average from the 
first neutral block average, the second threat 
block average from the second neutral block, etc. 
After that, the standard deviation of these succes-
sive bias scores was then calculated and divided 
by the participant’s mean overall RT.

Quality assessment
To determine the quality of reporting and the 
presence of methodological bias, a systematic 
quality assessment was performed according to 
the seven criteria of the ‘Risk of Bias’ assessment 
tool developed by the Cochrane Collaboration. 
Two reviewers (C.H. and F.Z.) independently 
assessed the articles and any disagreements were 
resolved through discussion. Based on the seven 
criteria in Cochrane Collaboration’s tool: random 
sequence generation; allocation concealment; 
blinding of participants and personnel; blinding of 
outcome assessment; incomplete outcome data; 
selective reporting and other bias; the risk of each 
study was assessed as ‘low’, ‘high’, or ‘unclear’.

Meta-analysis
Meta-analyses were conducted with Review 
Manager 5.4 and MetaXL.25 Due to the expected 
heterogeneity of these studies, the random effect 
models were used with standardized mean differ-
ences applied to measure the effect with 95% 
confidence intervals (95% CIs).

Each result of the meta-analyses was illustrated 
by one forest plot. For each comparison between 
ABM and ACT training, effect sizes (ESs) were 
calculated by subtracting (at post-test) the mean 
value of the ABM group from the mean value of 
the control group and dividing the result by the 
pooled standard deviations of the two groups.26 

We adjusted the ESs with Hedges’s g developed 
by Hedges and Olkin due to small sample sizes.27 
Hedges’ g measures ESs in the following way: 
g ⩽ 0.20 indicated a small ES, g = 0.2–0.5 indi-
cated a moderate ES, and g ⩾ 0.70 indicated a 
large ES. The homogeneity of ES was assessed 
with the I2 index. I2 indicates the percentage of 
observed heterogeneity and is not sensitive to the 
number of studies.28 A value of 0% indicates no het-
erogeneity and larger values indicate increasing het-
erogeneity: 25% as low, 50% as moderate, and 75% 
as high heterogeneity.29 Publication bias was 
assessed using the Doi plot and Luis Furuya-
Kanamori (LFK) index.30 LFK index within ±1 
indicated no asymmetry, LFK index exceeds ±1 
but within ±2 indicated minor asymmetry and LFK 
index exceeds ±2 indicated major asymmetry.

Result

Study characteristics
A total of 329 participants were included in our 
analyses (ABM, N = 163, ACT, N = 166). Nearly 
all participants were clinic patients (N = 310, 
94.2%). Among the included studies, k = 5 stud-
ies reported self-rated PTSD severity, k = 6 stud-
ies reported AB and k = 4 reported ABV scores.

Quality of the evidence
The overall quality of the articles varied (see 
Figure 3). k = 3 studies explicitly reported an ade-
quate random sequence generation.13,23 Beyond 
two criteria related to selection bias, Badura-
Brack et al.’s study17 and Alon et al.’s study12 met 
other criteria. Buodo et  al.’s study20 did not 
exactly mention that the trial staff were adequately 
blind to allocation to condition and blinding of 
outcome assessment. In one study, outcome vari-
ables were assessed by the first author.23

Effect of ABM versus ACT on PTSD symptoms, 
AB, and ABV
Five out of the eight included studies illustrated 
that the ACT and ABM were equally effective in 
reducing PTSD symptoms.12,21–23 Two favored 
the efficacy of ACT,13,17 and none study sup-
ported that ABM could be a more effective thera-
peutic method for PTSD than ACT. Complete 
data were available for 5 studies and 310 partici-
pants. Meta-analyses showed that there was a sig-
nificant difference in efficacy between ABM and 
ACT (g = 1.21, 95% CI = [0.05–2.38]), favoring 
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the efficacy of ACT and the ES was large. 
Heterogeneity among all studies for post-treat-
ment ESs was high (I2 = 95%). See Figure 4(a) for 
detailed results.

Schoorl et  al.,23 Badura-Brack et  al.,17 and Alon 
et  al.12 all showed that ABM had little effect in 
improving negative AB. But another three studies 
favored the effectiveness of ABM on reducing AB, 
and they showed that the effect of ABM surpassed 
that of ACT.13,20,22 Of noted, two of out the three 
studies favored the effect of ABM used non-clinical 
samples, and the three researches finding negative 
results all used clinical samples. The meta-analysis 
of the training effect on threat-related AB was cal-
culated. k = 6 studies with 329 participants were 
included. Results showed no significant group 
difference between ABM and ACT (g = 0.07, 95% 
CI = [−0.67, 0.81]). Heterogeneity was high 
(I2 = 90%). See Figure 4(b) for detailed results.

Badura-Brack et  al.,17 Lazarov et  al.,13 Niles 
et al.,22 and Alon et al.12 measured ABV in pre- 
and post-training tests, and Badura-Brack et al.17 
illustrated that only ACT could effectively 
improve ABV. The meta-analysis of training 
effect on threat-related ABV illustrated a signifi-
cant between-group difference with a large ES, 
g = 0.97, 95% CI = [0.31–1.62]. Heterogeneity 

was high (I2 = 80%). See Figure 4(c) for detailed 
results.

Publication bias
The Doi plots for publication bias (see Figure 5) 
showed major asymmetry (LFK index = 3.08) in 
meta-analyses for reduction in PTSD severity and 
minor asymmetry in meta-analyses for AB (LFK 
index = −1.03) and ABV reductions (LFK 
index = 1.25; see Figure 5). The publication bias 
indicated that studies with positive (i.e. favoring 
ABM) or equal outcomes are lacking for PTSD 
reduction. However, due to the limited number 
of included studies, these results should be inter-
preted with caution.

Possible moderators
For the reduction of PTSD, none of the included 
studies reported that the efficacy of ABM sur-
passed that of ACT. Although the studies varied 
in training types and training sessions, they all 
used clinical patients as research subjects. The 
only study on non-clinical subjects did not assess 
change in PTSD severity.20 In both studies, 
Badura-Brack et al. found that only ACT but not 
the ABM group showed significant change in 
ABV using both dot-probe tasks with face and 

Figure 3. Risk of bias. (a) risk of bias for each study. (b) sum of bias scores.
Other bias was conflicts of interest.
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word,17 but in another two studies that assessed 
ABV, researchers reported no group differ-
ences.12,13 In Badura-Brack et  al.’s study, they 
studied male subjects who had been exposed to 
military trauma, whereas in Alon et  al.’s and 
Lazarov et al.’s study, subjects included females 
who had experienced mixed trauma. For the 
change in AB, most of the included studies did 
not find that ABM or ACT training could change 
AB, but Buodo et al.20 reported that only ABM 
could change AB significantly, whereas Khanna 

et al. reported opposed results.21 There were no 
clear moderators for training on AB change.

Discussion
The current study identified that only 8 RCTs 
with a total of 329 participants met the inclusion 
criteria. These studies differed in sample charac-
teristics, training sessions, and trauma types, and 
the results were highly variable. The current find-
ing that ACT was more effective in improving 

Figure 4. Forest plot of comparison between ABM and ACT on PTSD severity (a), AB (b) and ABV (c).
AB, attentional bias; ABM, attentional bias modification; ACT, attention control training; PTSD, post-traumatic stress disorder.
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PTSD, as well as ABV, might be due to its func-
tion of enhancing attentional control, which is the 
ability to willfully direct attention toward or away 
from specific stimuli.31 ABV could reflect an indi-
vidual’s inconsistent attention toward or away 
from threats11 and was associated with attentional 
control.32 Deficient-attention control was also 
linked with PTSD by diminishing patients’ ability 
to direct attention away from threatening stimuli, 
causing greater anxious arousal and maintaining 
the symptoms.33 In ACT, probes appeared 
equally often after threatening and neutral stim-
uli. This required them to ignore irrelevant threat-
related contingencies and focus on the task at 
hand. In this way, ACT training helped to nor-
malize strong within-task fluctuations and 
enhance attentional control.17 With improved 
attentional control abilities, clinical benefits 
would show.34 In line with previous research that 

considered ACT a training condition rather than 
a control condition for ABM,34 the current study 
highlighted the therapeutic potential of ACT in 
PTSD treatment.

Our meta-analyses found that ACT and ABM 
were similarly effective in improving AB. This 
result was interesting because ACT was originally 
been used as the control training of ABM in 
reducing AB. Previous meta-analysis of anxiety 
supported the efficacy of ABM for improving AB 
and anxiety symptoms in adults.14 Differences 
between our study and previous studies may stem 
from the differences between PTSD and anxiety 
disorders. In PTSD, no specific direction of 
attention bias has been ascertained. Studies have 
supported both AB toward and away from threats, 
and there was even evidence of no AB in 
PTSD.4,5,35 This was also the case in the currently 
included studies: Buodo et al.,20 Lazarov et al.,13 
and Khanna et al.21 reported AB toward threats in 
the bassline assessment of AB, but Niles et al.22 
found no attentional bias, and in Badura-Brake 
et  al.’s studies, three out of four groups even 
showed negative AB scores (i.e. attention away 
from threats) in pre-training tests.17 There was 
evidence that only people who showed elevated 
AB toward threats at baseline were likely to ben-
efit from ABM,36 and lack of baseline AB might 
underlie the current negative result. Another 
underlying reason for the negative result might be 
that the number of included studies was small, 
and there was only one study using healthy adults 
as participants. Evidence has shown that studies 
conducted on healthy participants could boost 
the effect of cognitive bias modification, includ-
ing ABM.37 In accordance with this finding, the 
only research on healthy participants in the pre-
sent meta-analysis was also the only one to sup-
port ABM for AB reduction.20 Future studies 
could recruit traumatized individuals who fail to 
meet diagnostic criteria and explore the effect of 
ABM in samples with mild PTSD symptoms.

There were some discrepancies between our find-
ings and results in Todd et al.’s meta-analyses.18 
Todd et al. reported that both ABV and PTSD 
symptoms reduced from pre- to post-interven-
tion, but the group differences between active 
intervention and ACT were not significant.18 In 
their meta-analysis of ABV, not only traumatized 
personnel were included, but they also included 
participants with depressive symptoms, anxious 
symptoms, and alcohol dependence. And in  
their meta-analysis of PTSD symptoms, they 

Figure 5. Doi plots and Luis Furuya-Kanamori (LFK) 
indexes. (a) Doi plot for the assessment of publication 
bias in studies assessing PTSD severity. LFK index: 
3.08 (major asymmetry). (b) Doi plot for the assessment 
of publication bias in studies assessing AB. LFK 
index: −1.03 (minor asymmetry). (c) Doi plot for the 
assessment of publication bias in studies assessing AB 
variability. LFK index: 1.25 (minor asymmetry).
AB, attentional bias.
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compared the efficacy of various intervention 
conditions (ABM, treatment as usual) to ACT, 
whereas the current study only focused on ABM 
and ACT. Of note, the number of included stud-
ies in both the present study and Todd et  al.’s 
study was relatively small, and further work was 
still needed to explore the efficacy of ACT on 
reducing ABV and PTSD.

Our meta-analysis has several limitations. We 
only included published articles, and this might 
lead to some omissions (e.g. dissertations, unpub-
lished manuscripts, etc.). Some data in the 
retrieved studies were still not available and might 
affected the results of meta-analyses. In the field 
of attention bias training, the majority of studies 
relied on self-report measures, which may lead to 
self-report bias. Future studies might benefit from 
recording physiological data and provide more 
robust data for the efficacy of training. Although 
we had tried our best to search articles, only a 
limited numbers of studies met eligibility criteria 
and were included in meta-analyses, rendering  
it impossible to compute meaningful subgroup 
analyses. The meta-analyses only considered 
post-training values and did not take into account 
baseline values. For all outcomes, I2 was large, 
indicating high levels of between-study heteroge-
neity. However, subgroup analysis was inappro-
priate due to the small number of studies included.

Conclusion
The current study compared the intervention 
effect of ABM and ACT. Results favored ACT in 
improving PTSD symptoms and AB variability 
and the ES was large. ABM and ACT demon-
strated similar effects on improving AB. These 
results indicated the therapeutic value of ACT. 
However, since the current meta-analysis only 
included a limited number of studies, further 
research was still needed to examine the clinical 
value of ACT in PTSD treatment.
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