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Abstract

Objective: Attention bias modification (ABM) aims to decrease anxiety symptom severity 

through the reduction of threat-related attention bias (AB). Individual differences in treatment 

response and poor measurement reliability of AB have called its clinical promise into question. 

The current study examined whether individual differences in anxiety severity at baseline 

moderated treatment response, and employed both behavioral and neurophysiological metrics of 

AB.

Methods: Participants (N=99) were randomly assigned to four weeks of ABM or placebo control 

training (PT). Self-reported anxiety symptom severity, and AB metrics and ERPs generated during 

the dot probe task were collected at baseline (Time 1), one-week post-intervention (Time 5), and at 

a three-month follow-up (Time 6).

Results: ABM, relative to PT, reduced ERPs indexing attention discrimination (N170) and 

increased ERPs indexing salience tracking (P3). Increases in P3 were associated with ABM-

related reductions in anxiety. Anxiety severity was reduced following ABM, but only among those 

with higher baseline anxiety symptom severity.

Conclusions: ABM effectively reduced symptom severity among those with higher levels of 

anxiety, and modulated neurophysiological indices of AB.

Significance: Results provide evidence for attention-relevant ERPs as outcomes of ABM 

treatment responsivity and suggest that ABM may be most beneficial for those with more severe 

anxiety symptoms.
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Introduction

One third of Americans will suffer from clinical levels of anxiety during their lifetime, 

making anxiety and stress-related disorders the most common forms of mental illness and 

among the largest health burdens in society (Kessler et al., 2005). Yet current treatment 

approaches fall short: rates of quality care using a combination of cognitive behavioral 

therapy (CBT) and pharmacological treatments are low (Stein et al., 2005), and symptom 

recurrence remains high with as many as 60% of patients symptomatic after one year 

(Olatunji et al., 2007; Westen et al., 2004). Thus, there is a pressing public health and 

scientific need for the development and refinement of interventions for anxiety that are 

both low-barrier and that potentially target novel mechanisms underlying the emergence and 

maintenance of anxiety disorders.

One such candidate mechanism is the anxiety-related attention bias (AB), or selective and 

exaggerated attention towards threat (Bar-Haim et al., 2007; Cisler and Koster, 2010). 

AB occurs automatically and unconsciously, and acts as an information filter that selects 

threat-relevant information at the expense of signals indicating positive outcomes or safety. 

This cognitive bias, if sustained over time, can cause a cascade of cognitive, affective, and 

biological changes that give rise to and maintain symptoms of anxiety (Bar-Haim et al., 

2007; Dennis-Tiwary et al., 2019; MacLeod and Mathews, 1988; MacLeod et al., 1986).

Attention bias modification (ABM) is a computer-based intervention approach that aims to 

ameliorate AB, with the downstream effect of alleviating anxiety-related symptoms (Beard 

et al., 2012; Hakamata et al., 2010; Hallion and Ruscio, 2011; MacLeod et al., 2002; 

Mogoaşe et al., 2014). ABM has received increasing interest as a second-generation, low-

barrier cognitive intervention for a range of anxiety disorders, including generalized anxiety 

disorder and social anxiety disorder (e.g., Amir et al., 2009; Amir et al., 2009; Britton et 

al., 2014; Klumpp and Amir, 2010), as well as other mental health conditions, including 

depression (Beevers et al., 2021; Mogoase et al., 2014), and substance use problems 

(Luehring-Jones et al., 2017). However, initial excitement for ABM has been tempered 

by a growing number of randomized ABM clinical trials with small effect sizes (e.g., d = 

0.2 - 0.5) or null findings (Heeren et al., 2015; Mogoaşe et al., 2014) regarding reductions 

in anxiety symptoms following training, or comparable effects between active and control 

training (Enock et al., 2014; McNally et al., 2013; Ollendick et al., 2019; Pergamin-Hight et 

al., 2016; Pettit et al., 2020).

A barrier to evaluating the efficacy of ABM are challenges in the conceptualization and 

measurement of AB (Dennis-Tiwary et al., 2019; Kappenman et al., 2014; Waechter et al., 

2014). Traditional reaction-time based measures of AB, particularly those derived from the 

dot probe task, show notoriously poor test-retest and split-half reliability (MacLeod et al., 

2019; Price et al., 2018; Schmukle, 2005; Staugaard, 2009). These scores, averaged over 

dozens or even hundreds of trials obfuscate individual variability in AB over the course of 

assessment, missing potentially meaningful trial-level variability, thus reducing reliability of 

measurement (e.g., Zvielli et al., 2016; Egan and Dennis-Tiwary, 2018).
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Indeed, AB scores based on more dynamic, trial-level reaction times, tracked over the course 

of AB assessment are more reliable (Naim et al., 2015; Price et al., 2018; Zvielli et al., 2015, 

2016; although for debate see Carlson and Fang, 2020; Kruijt et al., 2016) and are sensitive 

to anxiety-related individual differences. For example, greater variability in trial-level bias 

scores (TLBS) predicts greater stress reactivity measured during the Trier Social Stress 

Test (Egan and Dennis-Tiwary, 2018), and is dampened in response to ABM (Clerkin et 

al., 2016; Zvielli et al., 2015), suggesting increased regulation of AB in relation to threat 

stimuli. In addition, increasing trial level bias away from threat coincided with lower anxiety 

symptoms over time following ABM in one study (Huppert et al., 2018), but the magnitude 

of TLBS change was not significantly different post vs pre-intervention. In the present study, 

we build on these prior findings by examining both variability in trial-level bias scores as 

well as trial-level metrics of bias towards and away from threat.

Another important consideration is that reaction-time-based measures of AB are indirect 

and downstream measures of neural responses to threat. That is, in comparison to direct 

measures of neural activity, button-response metrics are more likely to introduce noise due 

to variation in motor responses. Scalp-recorded event-related potentials (ERPs) address this 

concern, as well as that of low reliability. ERPs elicited during the dot probe assessment 

of AB show high test-retest reliability (Kappenman, Farrens, et al., 2014; Kappenman, 

MacNamara, et al., 2014; Reutter et al., 2017), are temporally sensitive (Banaschewski 

and Brandeis, 2007), and show high functional specificity. Reviews of ERP indices of 

threat processing in the context of ABM (e.g., Carlson, 2021; Torrence and Troup, 

2018; Wieser and Keil, 2020) suggest that these metrics can be generally divided into 

two categories: early-latency (e.g., P1 and N170), and later-latency ERPs (N2 and P3), 

with both types measured during the gold standard AB assessment, the dot probe task 

(MacLeod and Mathews, 1988; MacLeod et al., 1986). This temporal distinction reflects 

differential functional sensitivity of ERPs to distinct stages of information processing of 

threat. Elucidating the specific components of attention implicated in AB and its reduction 

may inform future clinical intervention targets.

The P1 and N170 are thought to index early attention capture and visual discrimination of 

visual stimuli, respectively. The P1, peaking around 100 ms in posterior electrodes indexes 

activity of the extra-striate visual cortex and relatively rapid and automatic shifts in attention 

(Hillyard and Anllo-Vento, 1998; Luck et al., 1990; Smith et al., 2003). The N170, peaking 

around 170 ms in posterior scalp electrodes, is a face-sensitive variant of the N1 (Bentin et 

al., 1996). It is modulated by emotion expression (Hinojosa et al., 2015), with attention to 

emotional faces appearing to enhance the N170 (Andrzejewski and Carlson, 2020) relative 

to neutral (Denefrio et al., 2019). Both the P1 and N170 increase in magnitude in response 

to threat-related stimuli and among those reporting greater anxiety symptom severity (for 

a review, see Carlson, 2021). The N2 and P3, in contrast, reflect relatively later, more 

deliberative cognitive processes related to threat processing. The N2, peaking around 250–

350 in frontal scalp electrodes has been linked to the maturation and recruitment of cognitive 

control capacities (Ladouceur et al., 2007; van Veen and Carter, 2002). The posterior P3, 

peaking around 300–400 ms in posterior electrodes, is amplified with affective salience 

tracking and strategic orienting of attention (Carretié et al., 2004; Fichtenholtz et al., 2007; 

Polich, 2007).
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ABM directly modifies both early- and later-emerging ERPs measured during the dot probe 

in adults with elevated trait anxiety (e.g., Bar-Haim et al., 2005; Dennis-Tiwary et al., 2016; 

Eldar and Bar-Haim, 2010). ABM decreases the magnitude of the P1 and N170 to threat 

stimuli (O’Toole and Dennis, 2012), and another ABM study documented that increased 
P1 at baseline predicted greater treatment efficacy (Dennis-Tiwary et al., 2017). In a study 

with socially anxious individuals, ABM reduced the magnitude of the N170 to disgust faces 

(representing social threat; Pan et al., 2019). Thus, there is some evidence that ABM reduces 

both the P1 and the face-sensitive N170, suggesting that training attention away from threat 

stimuli successfully decreases early-latency indices of attention to threat.

ABM also modulates the magnitude of later-emerging N2 and P3 in trait anxious adults. 

Eldar and Bar-Haim (2010) reported that ABM relative to placebo resulted in enhanced 

N2 amplitudes in anxious adults, and in a study using mobile, gamified ABM, males, but 

not females, showed enhanced N2 following a single session of ABM relative to placebo 

training (Dennis-Tiwary et al., 2016). The plasticity of the N2 following ABM has been 

interpreted as reflecting greater recruitment of cognitive control. It is less clear whether and 

how ABM modulates the posterior P3. One study found that the magnitude of the P3 was 

reduced following ABM (Eldar and Bar-Haim, 2010), whereas other studies have shown 

enhanced P3 amplitudes (Suway et al., 2013; Sylvain et al., 2020), including a study in 

which non-anxious adults were trained to attend to happy rather than angry faces (O’Toole 

and Dennis, 2012). Importantly, some inconsistencies in prior findings are likely due to 

differences or variability in sample ranges and degree of anxiety severity (i.e., non-anxious 

or trait anxious adults). Although these findings are inconclusive, they suggest that ABM 

can modulate indices of controlled and strategic attention to emotionally salient stimuli.

Despite this growing evidence base, precious little is known about whether and how ERP 

indices of threat processing during an AB assessment moderate the effects of ABM on 

anxiety symptom reduction. Some studies suggest that ERPs measured prior to ABM 

predict clinical outcomes. A study with pregnant women (Dennis-Tiwary et al., 2017), for 

example, found that those who showed smaller P1 amplitudes to threat prior to a month 

of mobile ABM training also showed greater decreases in anxiety symptoms relative to 

placebo training, perhaps indicating that dampened attention capture by threat prior to 

ABM amplifies treatment responsiveness. Although no studies to date have documented 

that the degree to which ABM modulates ERP responses to threat mediates the efficacy 

of ABM, several studies have documented such effects using other metrics of attention 

bias, including a study showing that ABM-induced changes in attention control correlated 

with reduced anxiety symptoms in clinically anxious youth (Linetzky et al., 2020) and that 

reductions in eye-tracking metrics of attention bias fully mediated reductions in depression 

following ABM for depressive symptoms (Beevers et al., 2021). Since attention-relevant 

ERPs represent neurophysiological indices of the mechanisms underlying AB, it is crucial to 

assess whether plasticity of ERPs following ABM mediate its impact on clinical symptom 

severity.

Individual differences prior to receiving ABM may also moderate its clinical impact. ABM 

effectively reduces symptoms across a range of anxiety severity, from mild to severe (e.g., 

for a review see Dennis-Tiwary et al., 2018), and even among those with typical levels 
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of anxiety (e.g., Clarke et al., 2014). However, several studies document that those with 

greater magnitude AB or anxiety severity respond to ABM with greater symptom reduction 

following a four-week course of ABM (e.g., O’Toole and Dennis, 2012; Kuckertz et al., 

2014). Thus, to advance the personalization of ABM, individual differences in symptom 

severity must be taken into account to identify those for whom ABM may be most effective 

(Kapur et al., 2012; Dennis-Tiwary et al., 2018).

The present study was a double-blind, randomized, placebo-controlled trial of ABM in a 

group of adults with clinically elevated symptoms across a range of anxiety disorders. We 

examined the effects of ABM on anxiety symptom severity and on multiple metrics of 

AB, including ERPs, trial-level, and average reaction-time-based assays. A main focus of 

the study was to further assess whether individual differences in AB and anxiety severity 

moderated these primary treatment outcomes. We tested the hypothesis that ABM, relative 

to placebo training, would: (a) reduce anxiety symptom severity, (b) dampen trial-level 

measures of AB, (c) reduce the magnitude of early-emerging ERP metrics of attention 

capture (P1 and N170), and (d) increase the magnitude of later-emerging measures of 

cognitive control and strategic attention (N2 and P3). We further tested whether individual 

differences in AB and anxiety severity at baseline moderated the impact of ABM on anxiety 

symptom reduction, and if ABM-induced changes in ERPs mediated the impact of ABM 

on reduction of anxiety severity. We explored the correspondence between behavioral and 

neurocognitive temporally-sensitive measures of AB, which is largely unknown. Taken 

together, this study aimed to advance understanding of mechanisms of action underlying 

ABM by employing neurocognitive and psychometrically superior measures of AB.

Methods

Participants

One hundred and twenty-six adults (72 Females; 57%) were recruited from a community-

based survey center in New York City and selected if they evidenced moderate to severe 

levels of anxiety or stress (Manxiety = 9.35, SDanxiety = 3.49; Mstress =12.76, SDstress = 3.80) 

via a phone screen using the Depression, Anxiety, and Stress Scale (DASS-21; Lovibond 

and Lovibond, 1995; Henry and Crawford, 2005), with scores from at least one of the 

subscales above the cut-off (6 and above for anxiety and/or 10 or above on stress subscales).

Upon arrival to the lab, the Mini International Neuropsychiatric Interview (MINI; Sheehan 

et al., 1998) was conducted by a trained lab personnel to assess diagnostic status, 

comorbidities, and exclusionary criteria were as follows: (a) presence of organic mental 

disorders, psychotic disorders or diagnosis with psychotic features, substance use disorder 

and substance dependence (non-alcohol), pervasive developmental disorders, or intellectual 

disability; (b) high risk for self-harm or violence; (c) concurrent treatment for psychosocial 

problems; (d) uncorrected vision problems; or (e) physical or motor disability that prevents 

them from using computer. Use of medication to treat a mental health condition was not an 

exclusionary criterion unless medication regimen had not been stable for at least 2 months 

prior to participation.
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Fifteen participants were excluded due to clinical diagnostic criteria (e.g., past manic 

episode with psychotic features, substance use disorder, and substance dependence [non-

alcohol]) or recent changes in prescription medication use. One person declined to continue 

to participate. A total of 110 people met criteria and agreed to participate. From 110 

participants, 11 individuals withdrew voluntarily after the first visit (see Fig 1 for a 

participant flow chart).

The current study thus included a sample of 99 adults (68 females; 69%) aged 18-41 

(Mage = 25.22, SDage = 6.33).1 Among these, 40 individuals met criteria for an anxiety 

disorder (40.4%). In addition, 27 met criteria for major depressive disorder (27.3%), three 

for obsessive compulsive disorder (3.0%), three for post-traumatic stress disorder (3.0%), 

one for alcohol dependence (1.0%), and two for eating disorders (2.0%). Twenty-three 

had no primary diagnosis (23.2%). Self-reported race/ethnicity of the samples was the 

following: 51 White (51.5%), 20 Asian (20.2%), 10 Black or African American (10.1%), 

1 American Indian (1.0%), and 12 reported more than one race (12.1%). Among these, 

20 individuals identified as Hispanic/Latino (20.2%). Five individuals chose not to report 

their race/ethnicity (5.1%). Participants reported their average annual income including 

unemployment, public assistance, and disability (M = $62,008.23, SD = $59,373.46; Min-
Max = $0 - $400,000).

Participants were randomly assigned to either the ABM (n = 47) or placebo training (PT; n 
= 52) group. Of the 99 participants, 81 (54 females; Mage = 25.47, SDage = 6.44) attended 

all visits and completed EEG assessment at Time 6. The remaining participants were lost to 

three-month follow up (n = 13) or had incomplete interim assessments (n = 5). Participants 

were compensated a total of $400 if they completed all visits. This study was approved by 

the Institutional Review Board (IRB) of Hunter College, CUNY (Protocol 20150286) and 

preregistered on clinicaltrials.gov (Identifier NCT02200003).

Procedure

The study consisted of six visits over the course of four months, with Time 1 being the 

baseline assessment, Times 2-4 being ABM/PT sessions, Time 5 being the one-week post-

intervention follow-up assessment, and Time 6 being the three-month follow-up assessment. 

At the start of each lab visit, participants were asked whether they were currently under 

the influence of any drugs or alcohol, and whether they felt rested that day. If participants 

reported any alterations in their alertness or state of mind that would impede their ability 

to complete the study procedures, they were asked to reschedule. Participants provided 

informed consent following a detailed explanation of the study procedures, maintenance of 

confidentiality, and their right to discontinue participation at any time. Participants were 

also informed that they would be assigned to either an intervention group or a control 

group, that neither they nor the experimenter would be aware of their group assignment, 

and they would learn whether they received the intervention at the conclusion of their 

participation. To achieve the double-blind design, the ABM and PT groups were assigned 

1For the main analysis (GEE), we used a dataset that includes those who underwent intervention (N = 99) as GEE method accounts for 
missing data. Additional analyses (e.g., regression analyses) were carried out with those who attended all visits and completed EEG at 
Time 6, n = 81.
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numbers which were entered into the computer at the start of each ABM/PT session. Neither 

the experimenters nor the participants were aware of which numbers corresponded to which 

group.

Time 1.—After consent procedures, participants were randomly assigned to the ABM or 

PT condition, and self-report of demographics and stress and anxiety symptoms (DASS-21) 

were collected. Following the questionnaires, participants were placed in an EEG recording 

booth, in front of a 17-inch monitor, 65 cm away from it while EEG electrodes were applied. 

The first attention bias (AB) assessment was completed (i.e., the dot probe task), and 

during this time EEG was recorded continuously. Upon completion of the AB assessment, 

EEG was removed. Then, participants reported on anxiety symptoms using the Hamilton 

Anxiety Scale (HAM-A), and the Mini International Neuropsychiatric Interview (MINI) was 

administered to the participant by a trained member of the research personnel. The visit 

lasted approximately three hours.

Time 2.—A week following Time 1, participants completed the second AB assessment (the 

dot probe task) during a continuous EEG recording. Following EEG removal, participants 

completed ABM session 1. The visit lasted about 90 minutes.

Times 3 and 4.—One week following Time 2, participants completed two one-hour 

ABM sessions separated by a week (sessions 2 and 3 ABM). No questionnaires, clinical 

interviews, or EEG recordings were conducted during this visit. Each visit lasted about 

30-60 minutes.

Time 5.—A week after Time 4, participants returned to lab (five weeks after Time 1). 

Participants completed ABM session 4. Participants completed the third AB assessment 

during a continuous EEG recording. Following EEG removal, participants reported on 

anxiety symptoms using the HAM-A, and another MINI was administered to the participant 

by a trained member of the research personnel. The visit lasted about 90 minutes.

Time 6.—This follow-up visit occurred approximately three months after Time 5. 

Participants completed the fourth and final AB assessment while EEG was continuously 

recorded. Participants reported on anxiety symptoms using the HAM-A and a MINI was was 

conducted. The visit lasted about 90 minutes.

Materials

Screening Measure and Diagnostic Interview—The Depression, Anxiety, and Stress 
Scale (DASS-21; Henry and Crawford, 2005) is a 21-item survey-formatted questionnaire 

that assesses the severity of symptoms across depression, anxiety, and stress subscales. Each 

subscale is consisted of seven items, scored on a scale of 0-3, and with scores ranging from 

0 to 21 for each subscale. The measure has shown acceptable internal consistency reliability 

for all sub-scales (α = .91, .80, and .84 for depression, anxiety, and stress subscales, 

respectively; Sinclair et al., 2012). We focused on the DASS-21 anxiety subscale for the 

current study.
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The Mini International Neuropsychiatric Interview (MINI; Sheehan et al., 1998) is a 

reliable, structured diagnostic interview for current and past DSM-IV diagnoses. One-on-

one interviews typically last between 15-30 minutes. In the current study, the MINI was 

administered at multiple time points (Times 1, 5, and 6) by trained research personnel to 

identify pre-intervention diagnostic status as well as potential changes in diagnostic status 

and comorbidities during the study.

Anxiety Symptoms—The Hamilton Anxiety Scale (HAM-A; Hamilton, 1959) was 

administered at all assessment points at the end of each MINI interview by a trained research 

personnel. The HAM-A is a clinician rating of anxiety symptom severity, consisting of 14 

items describing symptoms such as tension, anxious mood, fears, somatic complaints, and 

behavior during interview. Items are rated on a scale from 0 (“not present”) to 4 (“severe”). 

The sum of the value on each item ranges from 0 to 56. On the measure, scores 8-14 

indicated mild anxiety, scores 15-23 indicated moderate anxiety, and scores greater than 24 

indicated severe anxiety. The measure shows high internal consistency (α = .77-.92; Maier et 

al., 1988).

AB Assessment and ABM

The Dot Probe.: The dot probe task (MacLeod and Mathews, 1988; MacLeod et al., 

1986) was administered at multiple time points across the visits (Times 1, 5, and 6) to 

derive behavioral and ERP measures of AB. The task followed parameters as suggested 

by Tel-Aviv University/National Institute of Mental Health protocol. Stimuli for the task 

were consisted of photos of 20 different individuals (10 males, 10 females) from the 

NimStim stimulus set (Tottenham et al., 2009) with one of the female photos taken from 

the Matsumoto and Ekman (1989) set. Stimuli were presented using E-Prime version 2.0 

(Schneider, Eschman, and Zuccolotto, 2002).

On each trial, two facial stimuli were presented, face pairs with either angry-neutral or 

neural-neutral of the same individual. The pictures were presented above and below a 

fixation cross 14 mm apart. The task included total of 120 trials [80 threat (angry faces and 

neutral faces; ‘TN’ trials) and 40 non-threat (both neutral faces; ‘NN’ Trials)]. Each trial 

consisted of the following: 1) 500 ms fixation period, 2) 500 ms face-pair cue which then 

disappears, 3) target probe (an arrow) in the location in which one of the faces had appeared 

(with the probe staying on the screen until a response with the left or right mouse button 

to indicate the direction in which the probe is pointing, and 4) 500 ms inter-trial interval. 

Participants were instructed to respond as quickly and as accurately as possible to indicate 

the direction of the arrow. Probes were equally likely to appear on the top or the bottom of 

the fixation cross where the angry or neutral face cues were presented and pointing to either 

direction.

Quantification of AB.: The dot probe task was used to measure AB, and the scores were 

generated from each dot probe assessment at each time point (Times 1, 5, and 6). Incorrect 

responses of the dot probe trials were excluded from processing and analyses. In addition, 

all responses faster than −3 SD and slower than +3 SD from an individual’s mean were 

removed. Lastly, the accuracy rate of all participants was 85% or above.
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Mean AB was calculated to examine three metrics of AB: a) threat bias, reflecting overall 

attention capture by threat. The measure is calculated as the average RTs for neutral in 

TN trials minus RTs for angry in TN trials; b) vigilance, reflecting more automatic and 

bottom-up attention to threat. This measure is computed as the average RTs for neutral in 

the NN trials minus the average RTs for threat in TN trials; and c) disengagement, reflecting 

difficulty in the effortful disengagement or top-down inhibition of attention to threat. This is 

calculated as the average RTs for neutral in TN trial minus RTs for neutral in the NN trials.

Trial-Level Bias Scores (TLBS).: In addition to mean AB scores, which tend to have low 

split-half reliability and obfuscate individual variability in AB throughout the assessments, 

TLBS were quantified by taking the TN-Threat and TN-Neutral trial pairs that are 

temporally contiguous for each of the three AB assessments, separately (e.g., Egan and 

Dennis-Tiwary, 2018). Trial pairs were defined as unique sets of TN-Neutral and the next 

closest TN-Threat trial (and vice versa), within a maximum of 5 trials apart (before or 

after). Within each pair of matched trials, trial-level bias scores (TLBS) were computed by 

subtracting RTs for TN-Neutral minus RTs for TN-Threat, consistent with the mean AB 

score previously mentioned, but done on the level of each trial pair.

From the set of TLBS generated for each participant, four measures were calculated: Mean 

positive (average of all TLBS greater than zero), mean negative (average of all TLBS 

less than zero), peak difference (highest positive TLBS minus lowest negative TLBS), and 

variability. The variability score was generated as the sum of the distance between each 

sequential TLBS divided by the number of pairs, providing a measure of the “length” of the 

plotted TLBS line. This indicates the higher the value of the variability sum, the greater the 

variability toward and away from threat over the course of assessment.

ABM or Control Placebo Training (PT).: Participants were randomly assigned to either 

complete four sessions of ABM or PT (each week for a month). ABM systematically trains 

attention away from threat using a modified version of dot probe [i.e., the probe always 

replaces the neutral face cue (100 % contingency for TN-Neutral Trials)]. In contrast, PT 

has an equal likelihood of the probe replacing either the threat or the neutral cue so that the 

probe would replace the neutral face cue for only half of the times (50% TN-Neutral Trials 

and 50% TN-Threat Trials, in which the probe replaces angry face). Like the dot probe task, 

described above, each trial consisted of a 1) 500 ms fixation period, 2) 500 ms face-pair cue 

which then disappears, 3) target probe (an arrow) in the location in which one of the faces 

had appeared (with the probe staying on the screen until a response is made to indicate the 

direction of the arrow), and 4) 500 ms inter-trial interval. Each training session consisted of 

four blocks of 160 trials (120 threat-neutral training trials and 40 neutral baseline pair trials). 

A break was offered to the participants every 40 trials during each training block. If accuracy 

rate fell below 70% a warning was presented with the break slide. Each training session 

lasted 5-8 minutes. Participants completed one session per week for four consecutive weeks. 

Reaction times to the probe on each trial was recorded during the training.

Electrophysiological Recording and Data Reduction—A Biosemi system 

(BioSemi; Amsterdam, NL) was used to continuously record EEG activity during the dot 

probe task. Electrodes (i.e., 64 Ag/AgCl scalp electrodes) were fixed into an elasticized 
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nylon cap and arranged according to the International 10/20 system. Electro-oculogram 

(EOG) signals from electrodes were used to monitor eye movements, via an electrode placed 

1 cm above and below the left eye (for vertical eye movements) and 1 cm on the outer 

edge of each eye (for horizontal eye movements). To improve the signal-to-noise ratio, 

preamplification of the EEG signal was done at each electrode (with a sampling rate of 512 

Hz). The voltage from each of the 64 electrodes was referenced online with respect to the 

common mode sense active electrode and driven right leg electrode during EEG acquisition, 

which produces a non-differential channel. Brain Vision Analyzer (Version 2.2, GmbH; 

Munich, DE) was used to process and prepare the acquired EEG data. All offline data were 

re-referenced to the average of the scalp and filtered with high (0.1 Hz) and low (30 Hz) pass 

frequencies.

Stimulus-locked EEG data to faces (event-related potentials; ERPs) were segmented into 

epochs from 200 ms before stimulus presentation to 500 ms after stimulus onset. Each epoch 

included a 200 ms baseline correction (−200 ms to 0 ms before the onset of stimulus). 

Following ocular (Gratton, Coles, and Donchin, 1983) and baseline corrections, artifacts 

were identified and removed from further analyses using the following criteria: 1) greater 

voltage steps than 50 μV, 2) changes within a segment greater than 300 μV, and 3) lower 

activity than .5 μV per 100 ms.

For ERP components, electrodes were selected by visual inspection of the topographical 

distribution of the data from first AB assessment, and the grand average was calculated 

across all stimulus conditions and participants. Artifact-free EEG trials were used to 

generate ERPs for each participant separately for TNNT (TN and NT trials combined) and 

NN trials: The P1 was calculated as the average amplitude between 90 and 110 ms at PO7 

and PO8. The N170 was calculated as the average amplitude between 140 ms and 170 ms at 

P7, P8, P9, and P10. The N2 was calculated as the average amplitude between 250 ms and 

350 ms at FCz. Lastly, the P3 was calculated as the average amplitude between 200 ms and 

350 ms at PO7, PO8, O1, and O2. See Figure 2 for grand-average waveforms.

Analytic approach

The goal of the present study was to test the hypothesis that ABM, relative to control 

training, would be associated with reduced anxiety symptom severity, dampened trial-level 

measures of AB, reduced magnitude of early-emerging ERP metrics of attention capture 

(P1 and N170), and increased magnitude of later-emerging measures of cognitive control 

and strategic attention (N2 and P3). We examined whether these effects were moderated 

by individual differences in high vs. low levels of anxiety severity at baseline, based on a 

median split (Med. = 5.00; low: Manxiety = 2.31, SDanxiety = 1.70; high: Manxiety = 9.81, 

SDanxiety = 3.47) for DASS-21 Anxiety scores at T1. These low and high baseline anxiety 

groups were confirmed to be significantly different regarding T1 DASS-21 Anxiety (p < 

.001) and T1 DASS-21 Stress (low: Mstress = 6.57, SDstress = 3.79; high: Mstress = 13.06, 

SDstress = 4.23, p < .001).

To do so, we utilized generalized estimating equations (GEE) to examine changes in each 

of these dependent variables over the full course of the study [T1 (baseline), T5 (immediate 

follow-up), and T6 (three-month follow-up)] in relation to intervention group (ABM vs PT), 
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anxiety severity at baseline, and their interaction. GEE allows for the addition of repeated 

measures to a generalized linear model, and accounts for missing values that are missing 

completely at random (MCAR). Little’s MCAR test was conducted and confirmed that 

data was MCAR [χ2 (227) = 70.51, p = .999]. A series of linear models were conducted 

as follows. Predictors were Time (T1, T5, T6), Group (ABM, PT), and baseline anxiety 

group (high anxiety, low anxiety) was entered as a moderator. Outcomes were mean AB 

scores (threat bias, vigilance, disengagement), TLBS (mean positive, mean negative, peak 

difference, variability), anxiety symptoms measured via HAM-A, and ERPs to threat (P1, 

N170, N2, P3), with separate models for each dependent variable (12 models total). For 

models with ERPs as outcomes, the corresponding ERP to the baseline condition (NN) 

was entered as a covariate. Significant interactions were probed using pairwise comparison 

follow-up tests with Bonferroni’s correction applied to account for multiple comparisons. 

Bonferroni-adjusted criterion for follow-up comparisons were as follows: main effects (p < 

.017), 2-way interactions (p < .008), 3-way interactions (p < .004).

Based on the GEE analysis, variables for mediation analysis were chosen to test whether 

the change in the ERPs (N170, N2, and P3 T1-T5 or T1-T6 change scores) mediated the 

association between Group and Anxiety (measured via HAM-A), while considering the 

role of baseline anxiety severity (DASS at T1). All analyses were conducted using SPSS 

PROCESS Model 4 (Version 3.5; Hayes, 2017). Path a referred to a regression predicting 

Group and ERPs; path b, to a relationship between ERPs and Anxiety as an outcome after 

controlling for the predictor; and lastly path c’ referred to the relationship between Group 

and Anxiety as an outcome after controlling for the mediator. The confidence interval for the 

indirect effect (ab) was a bootstrapped confidence interval based on 5,000 samples.

Results

Descriptive statistics.

Descriptive statistics for age, AB metrics, ERPs, and anxiety at Time 1 (baseline) are 

presented in Table 1. The ABM and PT groups did not significantly differ at baseline for 

all of the variables presented in Table 1 (p’s > .05). Groups also did not differ in terms 

of sex distribution (ABM: 32 females, 15 males; PT: 36 females, 16 males; χ2 = .015, 

p = .902) or regarding anxiety disorder diagnosis presence or absence (ABM: 24 anxiety 

disorder present, 23 absent; PT: 28 present, 24 absent; χ2 = .077, p = .782). Table 2 presents 

correlations among baseline measures. Correlations among the three indices of attention 

and processing of threat (mean AB scores, TLBS scores, and ERPs) tended to tightly 

cluster together, suggesting significant method variance. Moreover, behavioral indices of 

AB were rarely significantly correlated with ERPs (with the exception of small-magnitude 

correlations between the N170 and two TLBS measures). Interestingly, vigilance was 

negatively correlated with mean positive, peak difference, and variability TLBS scores, but 

positively correlated with mean negative AB. Finally, no measures of AB were significantly 

correlated with anxiety (HAM-A or DASS-A).
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Split-half reliability of AB scores

Split-half reliability was examined for the dot probe task by creating mean RTs by 

experimental condition (neutral probes in TN trials, angry probes in TN trials, neutral probes 

in NN trials) and mean AB scores (threat bias, vigilance, and disengagement), separately 

for even and odd trial for every session of dot probe task. In addition, split-half reliability 

of trial-level bias scores (TLBS) was computed separately for the first half and second half 

of each session. This approach was used, rather than the even/odd approach, to preserve 

the continuity of trial presentation inherent to TLBS. To quantify reliability of these AB 

measures, Pearson correlations were conducted between even and odd trials used to generate 

mean RT and mean AB scores, and between the first and second half of trials for TLBS 

scores.

Although mean RTs for all four dot probes administered were highly significantly correlated 

between even and odd trials (rs > .81, all ps < .001), mean AB scores showed non-significant 

split-half reliability (all p’s > .08) with the exception of one mean AB score generated from 

the Time 1 dot probe (disengagement; r = .24, p = .008). The overall non-significant split-

half reliability for mean AB measures is consistent with the previous literature (Kappenman 

et al., 2014; Rodebaugh et al., 2016; Schmukle, 2005). In contrast, split-half reliability for 

the four TLBS metrics (mean positive, mean negative, peak difference, and variability) were 

significant at Time 1 (rs > .28, all ps < .01), Time 5 (rs > .40, all ps < .0001), and Time 6 (rs 

> .32, all ps < .0001).

Reliable Change Index

A reliable change index (RCI) was calculated for HAM-A anxiety scores between Time 1 

(baseline) and the three-month follow-up at Time 6 based on the guidelines from Jacobson 

and Truax (1991). RCI for each participant was calculated as the change in scores from pre 

to post intervention (ABM or PT) divided by the standard error of the difference calculated 

based on the standard deviation of the current sample.

Fifty out of 86 participants (58.2%) demonstrated a significant reliable decrease in HAM-A 

scores from Time 1 to Time 6. Of the 50 participants, 14 met criteria for clinical significance 

(i.e., post-treatment HAM-A scores ≤ 7). In the ABM group, 23 out of 41 participants 

(56.10%) demonstrated a significant reliable decrease in HAM-A scores from Time 1 to 

Time 6. Of the 23 participants, 4 met criteria for clinical significance (i.e., post-treatment 

HAM-A scores ≤ 7). In the control group, 27 out of 45 participants (60.0%) demonstrated 

a significant reliable decrease in HAM-A scores from Time 1 to Time 6. Of the 27 

participants, 10 met criteria for clinical significance (i.e., post-treatment HAM-A scores 

≤ 7).

Effects of ABM on Anxiety Symptom Severity

A significant main effect of Time [χ2 (2) = 26.38, p < .001; Figure 3] indicated that anxiety 

symptom severity (HAM-A) decreased from T1 to T5 (Mdiff = −3.06, SE = 0.84, p < .001) 

and T1 to T6 (Mdiff = −3.69, SE = 0.74, p < .001). A main effect of Anxiety [χ2 (1) = 34.72, 

p < .001] showed that, as would be expected, anxiety symptom severity was greater in the 

high vs low baseline anxiety group (DASS - Anxiety groups: Mdiff = 8.03, SE = 1.36, p < 
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.001). Finally, a significant Time * Group * Anxiety interaction [χ2 (5) = 13.27, p = .021; 

Figure 3] showed that, among those highly anxious at baseline who received ABM, anxiety 

symptom severity decreased from T1 to T5 (Mdiff = −5.47, SE = 1.21, p < .001) and from 

T1 to T6 (Mdiff = −5.38, SE = 1.28, p < .001). Among those with low anxiety at baseline, 

anxiety symptom severity significantly decreased from T1 to T6 but only in the PT group 

(Mdiff = −3.99, SE = 1.12, p < .001).

Effects of ABM on AB and ERP Indices

For mean bias scores, hypotheses were not supported. No significant main effects or 

interactions emerged (p’s > .09). However, significant changes in TLBS over time were 

detected. A main effect of Time [χ2 (2) = 9.35, p = .009], and subsequent pairwise 

comparisons, showed that TLBS variability significantly decreased from T1 to T6 (Mdiff 

= −.20, SE = .08, p = .011). Similarly, a main effect of Time [χ2 (2) = 17.87, p < .001] 

showed that mean positive TLBS significantly decreased from T1 to T6 (Mdiff = −15.32, SE 
= 4.45, p = .001) and T5 to T6 (Mdiff = −11.23, SE = 3.95, p = .004). No significant effects 

emerged for mean negative (p’s > .11) TLBS.

There was a significant main effect of Time [χ2 (2) = 6.37, p = .041] such that magnitude of 

peak difference TLBS (peak positive minus peak negative) significantly decreased from T1 

to T6 (Mdiff = −88.59, SE = 36.71, p = .016). Further, a significant 3-way interaction [Time 

* Group * Anxiety: χ2 (3) = 9.85, p = .020; Figure 2] indicated that, among the ABM group, 

those who had low baseline anxiety showed a dampening of extreme positive and negative 

AB from T1 to T6 (Mdiff = −212.84, SE = 71.79, p = .003).

No significant changes in TLBS were detected for the PT group, nor for those starting with 

high baseline anxiety in either the ABM or PT group.

P1 to faces.—There were no significant interactions for Time * Group (p = .96), Time * 

Anxiety (p = .75), or Time * Group * Anxiety (p = .38). There was a marginal main effect of 

Group [χ2 (1) = 3.40, p = .065; Mdiff = 0.37, SE = 0.20, p = .065] indicating greater P1 in 

the ABM versus PT group, at the level of a trend.

N170 to faces.—Among the ABM group, N170 to threat decreased (became significantly 

less negative) from T1 to T6 [Time * Group: χ2 (2) = 6.47, p = .039; Mdiff = 0.58, SE = 

0.22, p = .008; Figure 2], while there was no significant change over time for the PT group. 

However, the three-way interaction (Time * Group * Anxiety) was not significant (p = .94).

N2 to faces.—A significant Time * Anxiety interaction [χ2 (2) = 10.94, p = .004; 

Figure 2] and main effect of Time [χ2 (2) = 11.06, p = .004; Figure 2] indicated that 

N2 significantly increased (became more negative) from T1 to T5 (Mdiff = −0.43, SE = 0.15, 

p = .003) and T1 to T6 (Mdiff = −0.40, SE = 0.16, p = .013)], and this change was driven 

by those with high baseline anxiety [T1 to T5: (Mdiff = −0.83, SE = 0.21, p < .001); T1 to 

T6: (Mdiff = −0.81, SE = 0.21, p < .001)]. The three-way interaction was not significant (p = 

.34).
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P3 to faces.—A Time * Group interaction [χ2 (2) = 6.80, p = .033; Figure 2] showed 

those who received ABM showed a significant increase in P3 to threat from T1 to T5 (Mdiff 

= 0.64, SE = 0.22, p = .004) and from T1 to T6 (Mdiff = 0.65, SE = 0.24, p = .008). There 

was no significant change over time for the PT group. The three-way interaction was not 

significant (p = .81).

Associations between Treatment Effects and Anxiety Symptom Severity

We next explored whether changes in continuous variables impacted by ABM as indicated 

by GEE analyses (i.e., AB and ERP metrics of threat processing), mediated ABM’s impact 

on symptom severity. First, we conducted correlations between the change in anxiety 

symptom severity (HAM-A) and in those DVs that were significantly predicted in the GEE 

analyses - ABs (variability and peak difference) and ERPs (N170, N2, and P3) from T1-T5 

and T1-T6. Change in P3 from T1 to T5 was significantly correlated with reduction in 

anxiety symptom severity, r(78) = −.23, p = .044, such that as P3 increased in magnitude 

post-ABM, anxiety decreased. There was also a significant correlation between change in 

N170 from T1-T5 and reduction in anxiety symptom severity by T6, r(78) = −.23, p = .039, 

such that as N170 decreased in magnitude post-ABM, anxiety also decreased. Changes from 

pretreatment to post-treatment in attention bias from T1 to T5 or T1 to T6 did not correlate 

with symptoms change, all ps > .05.

Based on the GEE analysis, variables for mediation analysis were chosen to test whether the 

change in the ERPs mediated the association between Group and Anxiety, while considering 

the role of baseline anxiety severity. Across the models, the path coefficient (b) of the total 

effects of X on Y ranged from −1.71 to 2.00, the path coefficient (b) of the direct effects of 

X on Y ranged from −1.77 to 2.09, and the path coefficient (b) of the indirect effects of X 

on Y ranged from −.38 to .072. None of these mediation analyses reached significance (ps > 

.05).2

Discussion

Research on mechanisms underlying psychological treatments has steadily shifted away 

from a one-size fits all approach, where a specific therapy targets a specific disease, towards 

process-based approaches focusing on theory-driven moderators and mediators of treatment 

effects, with an emphasis on individual differences in treatment fit and responsiveness 

(Hofmann and Hayes, 2019). The current RCT of ABM adds to this body of research, 

with a particular focus on two methodological and conceptual considerations: (1) we 

examined individual differences in treatment fit by testing whether anxiety severity prior to 

treatment onset moderated treatment effects, and (2) we included ERP-indices of AB given 

their superior reliability and sensitivity as metrics of treatment-related affective-cognitive 

processes.

We found that ABM, relative to PT, was associated with reduced anxiety symptoms, but 

only among those reporting higher baseline anxiety severity. Those receiving ABM with low 

2We also conducted a version of these analyses with age as a covariate as there was a significant difference between age across ABM 
and PT groups. The non-significant pattern of results remained unchanged.
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baseline anxiety severity instead showed a dampening of extreme positive and negative AB, 

as measured by trial-level bias scores. Regardless of baseline anxiety severity, ABM was 

further associated with reduced N170 and increased P3 at post-intervention. Yet, ABM and 

PT also yielded similar intervention effects: regardless of group, AB variability dampened 

over time, and the magnitude of the N2 increased, suggesting constraining of neurocognitive 

processing of threat and modulation of cognitive control recruitment, respectively. Moreover, 

modulation of the P3 was associated with ABM-related changes in anxiety: Increased P3 

over the course of intervention was correlated with reduced anxiety symptoms, with a trend 

showing that this effect was significant only among those receiving ABM. Changes in 

behavioral and ERP metrics failed to mediate treatment effects on anxiety severity. Taken 

together, results shed light on individual differences in response to ABM, highlight the 

importance of identifying treatment-relevant biobehavioral signatures of changes in threat 

processing induced by ABM, and suggest the need to reconsider the impact and significance 

of ABM “placebo” training methods.

Prior research has similarly demonstrated that ABM may be most effective for those with 

higher symptom severity prior to intervention in anxiety (e.g., Bo et al., 2021), and similarly 

in depression (e.g., Baert et al., 2010). This pattern can be interpreted in several ways. First, 

it may indicate floor effects – it is more difficult to reduce anxiety severity when participants 

start with lower severity levels. Yet, another possibility is that ABM does not engage and 

effectively retrain AB unless anxiety severity is significantly elevated because only clinically 

meaningful anxiety is thought to be correlated with significant disruptions in threat detection 

and processing underlying AB. In this study, there were no significant correlations between 

anxiety severity and any metrics of AB (behavioral or ERP) at baseline, suggesting that 

there is not a linear association between greater anxiety and greater attention bias towards 

threat. Indeed, in a study of child ABM, participants who were diagnosed with anxiety 

disorders were pre-selected only if they showed an RT facilitation to threat faces in the dot 

probe task of at least 8 ms (Eldar et al., 2012). Half of the participants did not show even 

these subtle signs of AB, suggesting that there is not a one-to-one correspondence between 

anxiety severity and AB towards threat measured via RT-based metrics.

This highlights an emerging issue in research on AB – anxious individuals appear to 

evidence both a bias towards and away from threat, and these associations may differ 

depending on anxiety symptom type – distress- versus fear-related (Dennis-Tiwary et al., 

2019; Waters et al., 2014). From this perspective, it will be crucial for future research to 

test whether directionality in baseline AB, and associations with anxiety subtypes, impact 

the efficacy of ABM. Indeed, one study found that anxious individuals with a greater 

bias towards threat respond more robustly to ABM (Kuckertz et al., 2014). This may in 

part explain the past decade of mixed and null ABM effects, dampening early enthusiasm 

for this novel therapeutic approach (e.g., Emmelkamp, 2012). Given growing awareness 

of the unreliability of AB metrics based on RTs, and given the variety of ERP metrics 

potentially implicated in ABM (Carlson, 2021), a fruitful next step will be to classify 

anxious individuals based on whether they evidence disruptions or adaptive functioning 

of target ERP metrics of threat processing that suggest increased attention capture versus 

controlled avoidance of threat (Dennis-Tiwary et al., 2017). In addition, we focused on 

the DASS-21 anxiety subscale as the indicator of baseline anxiety symptom severity, 
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which emphasizes the fear-related symptom types, while the DASS-21 stress subscale 

also evidenced a considerable baseline variance across high and low anxiety groups (low: 

Mstress = 6.57, SDstress = 3.79; high: Mstress = 13.06, SDstress = 4.23), which may more 

directly capture distress-related symptomatology. Future work should examine whether these 

variations in anxiety and stress symptoms at baseline, independently or together, predict 

responses to ABM.

The current study also documented that ABM modulated only the TLBS metrics of AB. 

However, the pattern of this change was unexpected, with ABM resulting in a dampened 

magnitude of the difference between positive and negative TLBS, but only among those who 

had low anxiety levels pre-intervention. It is generally assumed that individuals evidencing 

higher anxiety severity will show more extreme AB scores. But, given that anxiety severity 

and AB metrics were not significantly correlated in this study, it is possible that individuals 

less debilitated by anxiety evidence lower threat reactivity and are therefore more responsive 

to the dampening effect of ABM on extreme positive and negative AB (Zvielli et al., 2015; 

Egan and Dennis, 2018).

ABM also modulated ERP indices regardless of anxiety severity. In the ABM group only, 

post-intervention N170 decreased (became less negative) and P3 increased. The amplitudes 

of ERPs typically decrease with repeated stimulus exposure (Kotchoubey et al. 1997; 

Segalowitz et al. 2001; Carretie et al. 2003), suggesting that ABM facilitates this dampening 

of relatively early stimulus detection among anxious individuals, who might be less likely 

to habituate over the course of exposures. The P3 finding further suggests that ABM also 

might strengthen recruitment of relatively later, more deliberative attention selection and 

control resources, which are thought to be disrupted in those with elevated anxiety. These 

AB-related processes are important to consider, particularly, as documented in the present 

study, behavioral and ERP metrics are rarely significantly inter-correlated and thus likely 

capture distinct processes underlying AB. Taken together, these ERP findings show that a 

four-week course of ABM stimulates significant neural and behavioral plasticity in how 

individuals attend to, detect, and process threat (Shoji and Skrandies, 2006; Tanaka and 

Pierce, 2009). Future investigations of mechanistic targets of ABM should build on these 

ERP findings, as well as examine other metrics of neural functioning relevant to cognitive 

functioning (e.g., neural oscillations, coherence) to better understand how and for whom 

ABM may be beneficial.

ABM and PT also showed comparable clinical effects: regardless of intervention group, AB 

variability dampened over time, and the magnitude of the N2 increased from pre to post 

intervention, suggesting constraining of extreme AB and modulation of cognitive control 

recruitment. The increase in N2 magnitude may reflect general amplifying of N2 during 

tasks in which there is repeated stimulus presentation (Kotchoubey et al. 1997). But it is 

also important to consider that the placebo performed as well – or even, as suggested by the 

RIC analyses slightly better – than the ABM condition. Indeed, the term PT is somewhat 

misleading because 50% of trials administered during PT are active training trials, in which, 

like ABM, attention is systematically directed away from threat (leading others to term it 

attention control training, e.g., Pettit et al., 2020). That not only makes this conventional 

PT condition extremely stringent, but may reveal individual differences in the number of 

Tiwary et al. Page 16

Clin Neurophysiol. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



training trials needed to affect clinical change. Indeed, some research suggests that excessive 

training trials might lead to a plateau of benefits, or even decrements in clinical efficacy 

(Price et al., 2017). Future research should include a greater number of “dosage” studies, 

modeled after pharmaceutical trials, to understand the optimal number of training trials and 

how that number might vary across individuals, improving the potential for personalization. 

Considering additional comparison conditions, such as forms of attention control training, 

will also be helpful in pursuit of optimizing treatment fit (e.g., Linetzky et al., 2020).

Findings further suggest that ABM-inducted changes in the P3 was associated with ABM-

related changes in anxiety: increased P3 over the course of the clinical trial was associated 

with reduced anxiety symptoms, with a trend showing that this effect was significant only 

among those receiving ABM. While this suggests that bolstering effortful, cognitive control 

processes during the detection and processing of threat measuring during the dot probe 

task may be a key process underlying beneficial effects of ABM on anxiety symptoms, 

mediation analyses did not yield significant findings. This indicates that neurocognitive 

changes indexed by the P3 may not be necessary for ABM to be efficacious. Yet, because 

the present study was somewhat underpowered for mediation analyses, future research 

should continue to directly test the causal impact of strengthened recruitment of cognitive 

control, versus dampening of initial attentional vigilance or avoidance (Dennis-Tiwary et al., 

2019; Heeren and McNally, 2016).

Several limitations to the present study should be noted. AB was only measured during 

the dot probe task, a cognitive assay that has received extensive critique surrounding 

its suitability for measuring multiple components of threat-related processing disruptions, 

its reliability, and its psychometric appropriateness (MacLeod et al., 2019; Price et al., 

2018; Schmukle, 2005; Staugaard, 2009). We mitigated this psychometric limitation by 

using trial-level metrics of AB, which in this study, as in others, show adequate split-half 

reliability. Notably, our findings that mean AB metrics showed poor split-half reliability and 

subsequently yielded null results highlights the need to move beyond these traditional mean 

measures of quantifying behavioral AB.

Another limitation of the dot probe relevant to the present study is that it may selectively 

reflect the rapid and automatic allocation of spatial attention to emotionally salient stimuli 

and be less suitable for measured a range of later, more deliberative cognitive control 

processes. The inclusion of additional and multiple AB assays, including eye tracking 

and tasks assessing the generalizability of training effects, is a crucial direction for future 

research (Carlson, 2021). Another goal of future research, noted above, is more careful 

consideration of heterogeneity of AB (Dennis-Tiwary et al., 2019; Waters et al., 2014).

Taken together, the present study adds to the growing body of research on evidence-

based, cognitive treatment approaches with an emphasis on process-oriented analyses and 

consideration of treatment-relevant individual differences, thus strengthening our ability 

to develop and refine highly accessible and personalized therapies for clinically elevated 

anxiety.
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Manuscript Highlights

• This RCT aims to reduce anxiety symptom severity via a 4-week attention 

bias modification (ABM) vs placebo control training.

• We examined treatment effects on attention bias (AB) via ERPs and the 

moderating role of baseline anxiety severity.

• ABM reduced symptom severity among those with higher anxiety and 

modulated ERP indices of AB.
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Figure 1. 
Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram.

* For the Generalized Estimating Equations (GEE) analysis, as it accounts for missing data, 

we used dataset that includes those who underwent intervention, which is N = 99.
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Figure 2. 
Topographic maps and waveforms of the analyzed, entire sample averaged across both 

ABM and PT for P1, N170, N2, and P3 are presented (Left). (a.) N170 to threat faces 

significantly decreased (became less negative) from T1 to T6 for the ABM group. (b.) For 

the ABM group, P3 to threat faces significantly increased from T1 to T5, and from T1 to 

T6. No significant changes over time were detected for the PT group. (c.) N2 to threat faces 

significantly increased (became more negative over time). (d.) In the high baseline anxiety 

group, N2 significantly increased from T1 to T5 and T1 to T6 (Right).

Note. *Difference is significant at the .05 level, **Difference is significant at the .01 level. 

***Difference is significant at the < .001 level. T1 = Time 1, T5 = Time 5, T6 = Time 

6, ABM = attention bias modification training, PT = placebo control training, TLBS = 

trial-level bias score, DASS = Depression Anxiety Stress Scales.
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Figure 3. 
(a.) Anxiety symptom severity decreased over time in the sample as a whole. (b.) Anxiety 

decreased from T1 to T6, and from T5 to T6 among the high baseline anxiety group who 

received ABM. (c.) Among those with low baseline anxiety, anxiety decreased from T1 

to T6 in the PT group. (d., e.) Peak difference TLBS significantly decreased over time, 

particularly for those starting with low baseline anxiety who received ABM.

Note. *Difference is significant at the .05 level, **Difference is significant at the .01 level. 

***Difference is significant at the < .001 level. T1 = Time 1, T5 = Time 5, T6 = Time 

6, ABM = attention bias modification training, PT = placebo control training, TLBS = trial-

level bias score, DASS = Depression Anxiety Stress Scales, HAM-A = Hamilton Anxiety 

Rating Scale.
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Table 1.

Descriptive Statistics for Age, AB metrics, ERPs, and Anxiety Symptoms at Baseline (T1).

ABM (N = 47) PT (N = 52)

Variable M SD M SD

Age 24.20 5.31 26.16 7.07

Threat Bias 1.81 23.81 .23 25.52

Vigilance .27 22.57 −2.95 27.42

Disengagement −.46 25.17 2.43 25.54

TLBS-Mean Pos 95.58 38.43 100.60 39.02

TLBS-Mean Neg −91.89 35.89 −102.45 45.41

TLBS-Peak Diff 686.53 311.36 689.52 314.77

TLBS-Variability 1.86 .64 1.95 .76

P1 3.65 2.16 2.81 2.23

N170 −1.57 2.15 −1.54 2.74

N2 −2.15 1.74 −2.24 1.63

P3 3.13 2.28 3.43 2.47

DASS-Anxiety 6.67 4.20 5.35 4.95

HAM-A 18.99 7.64 17.63 10.42

Note. AB = attention bias, ERPs = event-related potentials, T1 = Time 1, ABM = attention bias modification training, PT = placebo control 
training, TLBS = trial-level bias score, DASS = Depression Anxiety Stress Scales, HAM-A = Hamilton Anxiety Rating Scale, Mean Pos = Mean 
Positive, Mean Neg = Mean Negative, Peak Diff = Peak Positive minus Peak Negative.
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Table 2.

Correlation Matrix for Measures at Baseline

1 2 3 4 5 6 7 8 9 10 11 12 13

1.Threat Bias - .44** .48** .23* .24* .016 −.031 .056 .19 .13 −.096 −.095 .079

2. Vigilance - −.54** −.31** .44** −.35** −.37** 15 .096 .12 −.089 −.050 .10

3. Disengage - .44** −.12 .25* .23* −.12 .13 −.056 .011 −.025 −.065

4. Mean Pos - −.74** .82** .86** −.10 −.048 .068 −.026 −.052 .050

5. Mean Neg - −.77** −.89** .19 .21* −.051 .044 .060 .078

6. Peak Diff - .83** −.072 −.17 .097 −.007 −.11 −.015

7. Variability - −.15 −.20* .13 −.093 −.031 .027

8. P1 - .14 −.18 .38** .13 .20

9. N170 - −.085 .15 .098 .048

10. N2 - −.60** .068 .073

11. P3 - .77 .77

12. DASS-A - .74**

13. HAM-A -

Note.

*
Correlation is significant at the .05 level (2-tailed)

**
Correlation is significant at the .01 level (2-tailed). Mean Pos = Mean Positive, Mean Neg = Mean Negative, Peak Diff = Peak Positive minus 

Peak Negative, DASS = Depression Anxiety Stress Scales, HAM-A = Hamilton Anxiety Rating Scale.
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