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A Single Session of Attentional Bias Modification Reduces
Alcohol Craving and Implicit Measures of Alcohol Bias in
Young Adult Drinkers
Peter Luehring-Jones, Courtney Louis, Tracy A. Dennis-Tiwary, and Joel Erblich

Background: Attentional bias modiﬁcation (ABM) techniques for reducing problematic alcohol
consumption hold promise as highly accessible and cost-eﬀective treatment approaches. A growing
body of literature has examined ABM as a potentially eﬃcacious intervention for reducing drinking
and drinking-related cognitions in alcohol-dependent individuals as well as those at-risk of developing
problem drinking habits.
Methods: This study tested the eﬀectiveness of a single session of visual probe-based ABM training
in a cohort of 60 non-treatment-seeking young adult drinkers, with a focus on examining mechanisms
underlying training eﬃcacy. Participants were randomly assigned to a single session of active ABM training or a sham training condition in a laboratory setting. Measures of implicit drinking-related cognitions
(alcohol Stroop and an Implicit Association Task) and attentional bias (AB; alcohol visual probe) were
administered, and subjective alcohol craving was reported in response to in vivo alcohol cues.
Results: Results showed that active ABM training, relative to sham, resulted in signiﬁcant diﬀerences in measures of implicit alcohol-related cognition, alcohol-related AB, and self-reports of alcohol
craving. Mediation analysis showed that reductions in craving were fully mediated by ABM-related
reductions in alcohol-Stroop interference scores, suggesting a previously undocumented relationship
between the 2 measures.
Conclusions: Results document the eﬃcacy of brief ABM to reduce both implicit and explicit processes related to drinking, and highlight the potential intervention-relevance of alcohol-related implicit
cognitions in social drinkers.
Key Words: Alcohol, Attentional Bias Modiﬁcation, Visual Probe, Cue-Induced Craving, Young
Adult Drinkers.

T

HE PROBLEMATIC CONSUMPTION of alcohol
aﬀects nearly 16% of the people over age 15 and contributes to 1.5 million worldwide deaths annually (Rehm and
Shielf, 2013). Treatments to reduce drinking do exist, particularly in the domains of motivational interviewing and cognitive-behavioral therapies, but signiﬁcant barriers to access,
including cost and the limited availability of trained providers, mean that treatments cannot be oﬀered to all who
would beneﬁt from them (Fowler et al., 2016). Moreover,
relapse rates remain high, with up to 50% of alcohol-dependent drinkers relapsing within 3 months of concluding treatment (Fadardi and Cox, 2009). Attentional bias (AB), or the
tendency for a person to preferentially allocate attention to
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salient stimuli in the environment, has been identiﬁed as a
clinical feature of a number of diﬀerent psychological conditions, including generalized anxiety disorder (e.g., Bar-Haim
et al., 2007), substance use disorders (including alcohol use
disorders) (e.g., Field and Cox, 2008), and eating disorders
(e.g., Aspen et al., 2013). Numerous studies in recent years
have investigated the complex relationships between ABs to
alcohol, alcohol craving, alcohol consumption, and alcoholrelated decision making, and whether those biases can be
modiﬁed through clinical interventions to meaningfully
reduce bias and/or consumption-related decisions (e.g., Eberl
et al., 2013; Field and Eastwood, 2005; Field et al., 2007b;
McGeary et al., 2014; Schoenmakers et al., 2007; Wiers
et al., 2011).
Even with this large body of research, however, attentional
bias modiﬁcation (ABM) techniques to reduce alcohol use
have been a topic of signiﬁcant empirical debate given mixed
results and null ﬁndings (Christiansen et al., 2015; Cristea
et al., 2016; Eberl et al., 2013; Field et al., 2013; Mogoasße
et al., 2014). Complicating this debate is a dearth of evidence
identifying speciﬁc mechanisms underlying the relationship
between AB and alcohol use. Thus, there is no suﬃcient
experimental clinical research based upon which to develop
eﬀective and scalable ABM techniques targeting alcohol use.
Reﬁning ABM techniques is highly desirable because they
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are brief, cost-eﬀective, and highly accessible and thus have
the potential to reduce treatment burden and optimize treatment engagement. In this study, we focus on 2 potential
mechanisms underlying ABM eﬃcacy: implicit cognitions
and explicit craving for alcohol.
On a theoretical level, alcohol-related AB is thought to be
a form of implicit cognition reﬂecting early, automatic orienting processes in the brain that interact with later, more
reﬂective cognitions to inﬂuence decision-making and consumption choices (Burton et al., 2012; Dickson et al., 2013;
Field et al., 2012; Houben and Wiers, 2009; Stacy and Wiers,
2010). These 2 forms of cognitive processes are conceptualized in modern dual-process theories of alcohol use (e.g.,
Tiﬀany, 1990) as belonging to diﬀerent systems in the brain
—implicit and automatic, versus explicit and reﬂective—that
together dynamically impact decisions about drinking (Houben and Wiers, 2009; Stacy and Wiers, 2010). Indeed, recent
research has shown that individual diﬀerences in the performance of the 2 systems can aﬀect alcohol consumption
choices (Burton et al., 2012; Houben and Wiers, 2009;
Luehring-Jones et al., 2016; Thush et al., 2008).
Because implicit cognitions are by their nature impervious
to modiﬁcation through reﬂection alone, recent research has
investigated whether they may be manipulated through laboratory interventions that fall under the general heading of
attentional (or cognitive) bias modiﬁcation training programs. These ABM programs include modiﬁed visual probe
tasks that redirect attention from one type of stimuli to
another over the course of numerous trials (Field and Eastwood, 2005; Field et al., 2007b), and the presentation of
alcohol-related and neutral images against diﬀerent colored
backgrounds that require the user to identify the color of the
background (Fadardi and Cox, 2009). In drinkers, existing
literature suggests that AB can be modiﬁed by these training
programs to either increase or decrease bias (Field et al.,
2007a, 2012), with concomitant eﬀects on the absolute consumption of alcohol (Fadardi and Cox, 2009; Field and Eastwood, 2005), a reduction in time spent in an inpatient
alcohol treatment program (Schoenmakers et al., 2010), and
reductions in craving for alcohol (Field et al., 2009).
In a related literature, a number of studies (e.g., Lindgren
et al., 2015; Wiers et al., 2011) have investigated the eﬃcacy
of cognitive bias modiﬁcation (CBM) techniques to modify
implicit alcohol-related approach-avoid expectancies (e.g.,
Palfai and Ostaﬁn, 2003). Research has found that heavy
drinkers are faster to use a joystick to “pull” (i.e., approach)
computer-presented images of alcohol toward them than
they are to “push” (avoid) those same images away (Wiers
et al., 2009). Repetitive training tasks have decreased alcohol
approach bias in hazardous-drinking students (Wiers et al.,
2010) and inpatients in alcohol treatment, who exhibited a
13% reduction in relapse (compared to a control group)
1 year after treatment (Wiers et al., 2011). These CBM
results have been replicated (Eberl et al., 2013) and extended
(Manning et al., 2016) by showing a 30% reduction in
relapse 2 weeks after patients completed a 7-day alcohol
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detoxiﬁcation program that included a course of active CBM
training compared to controls in a sham training condition.
While the outcomes from these studies suggest that ABM
and CBM may be promising clinical tools, other authors
have cautioned that more experimental evidence is required
to clarify research results from studies that have failed to
note similar eﬀects (Christiansen et al., 2015; Cristea et al.,
2016; Field et al., 2013; Schoenmakers et al., 2007; Wiers
et al., 2013).
This study evaluated the eﬃcacy of a modiﬁed visual
probe task (modeled on the task used by Field and Eastwood, 2005) to reduce alcohol-related implicit cognitions,
including ABs to alcohol-related stimuli, in a sample of nontreatment-seeking young adult drinkers. This population of
young adult drinkers (including college students) represents
an especially important group of individuals early in the trajectory of their lifetime drinking behavior, who may be particularly amenable to brief alcohol consumption
interventions such as ABM. Recent research has shown that
alcohol-related biases can be measured in adolescents soon
after they begin drinking (Peeters et al., 2012, 2013), so that
young adult drinkers, even if they have only been drinking
for a short time, are likely to have developed biases that can
be modiﬁed by ABM training. In particular, more evidence
about the eﬃcacy of ABM programs in diﬀerent types of
drinkers will help determine whether there are diﬀerent
groups for whom such training may be clinically useful, especially as diﬀerent studies have oﬀered alternate views about
whether treatment-seeking participants respond to ABM
programs diﬀerently than non-treatment-seeking participants (e.g., Lindgren et al., 2015; McGeary et al., 2014). This
approach will allow practitioners to more accurately tailor
their treatment oﬀerings and help behavioral interventions
move toward a model of precision medicine.
In the laboratory, AB toward alcohol-related stimuli is
often measured by a visual probe task, which compares the
time required to identify the location of a probe that replaces
alcohol-related cues and neutral cues (e.g., Field and Cox,
2008), with faster reaction times to probes that replace alcohol-related cues indicating that those cues capture attention
more quickly and are more salient than the neutral cues.
Implicit associations about alcohol can be measured by the
Implicit Association Task (IAT; Greenwald et al., 1998;
Ostaﬁn and Palfai, 2006) and reﬂect the relative strength of
favorable and unfavorable associations about alcohol, with
more favorable associations about alcohol related to
increased consumption of alcohol and stronger cravings for
alcohol (Burton et al., 2012; Jajodia and Earleywine, 2003;
Lindgren et al., 2013; Stacy and Wiers, 2010; de Wit, 2008).
Separately, implicit alcohol-Stroop interference is assessed
through a modiﬁed version of the traditional Stroop task
(Stroop, 1935) wherein diﬀerences in the reaction times
required to correctly identify the colors in which alcoholrelated and neutral words are presented are believed to index
the degree to which each type of word captures attention
(Cox et al., 2006; Field et al., 2007a, 2012). Past research has
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revealed that heavy and dependent drinkers take longer to
correctly identify the color of the alcohol-related words than
the neutral words (Field et al., 2007a, 2012), which implies
that the alcohol-Stroop task, like the IAT, can be used as
both a measure of change for implicit cognitions and an
index of the generalizability of eﬀects that may derive from
ABM training programs.
In an independent literature, alcohol craving has been
deﬁned as one of the underlying motivational mechanisms
for alcohol seeking and consumption (Franken, 2003), and
can serve as potential mechanism for relapse (Papachristou
et al., 2014). Under laboratory conditions, exposure to alcohol-related cues have been shown to elicit signiﬁcant craving
responses (Manchery et al., 2017; Rankin et al., 1979) which
may be important predictors of drinking decisions (Carter
and Tiﬀany, 1999; Drummond, 2000). Diﬀerences in craving
following laboratory cue exposures may serve as a valuable
index of the real-world eﬀectiveness of ABM training. Consistent with this possibility, Field and Eastwood (2005) and
Field and colleagues (2007b) found that participants trained
to attend to alcohol-related stimuli reported an increase in
subjective craving. In a meta-analysis conducted by Field
and colleagues (2009), the authors found a positive correlation between ABs toward alcohol and craving for alcohol. A
recent study (Manchery et al., 2017) also found a signiﬁcant
relationship between AB and cue-induced alcohol craving,
suggesting that heightened attention to alcohol cues may be
associated with increased craving responses to these cues.
Taken together, this research raises the possibility that ABM
training may be able to reduce cue-induced cravings for alcohol via a reduction in AB toward alcohol.
Hypotheses
In this study, we hypothesized that (i) a computerized, laboratory-based ABM training program based on a modiﬁed
visual probe task would measurably reduce ABs to alcoholrelated stimuli and associated implicit cognitions of young
adult drinkers, and (ii) the same bias training would, through
its reduction in bias, also reduce cravings elicited by exposure
to alcohol cues. The random allocation of participants to
either active or sham bias training would provide the necessary comparison groups to evaluate the eﬀect of training type
on dependent posttraining measures of bias and craving.
MATERIALS AND METHODS
Participants
Participants were healthy young adult drinkers (n = 60) recruited
from a larger pool of participants (N = 123) who had already completed a 2-visit study of alcohol craving at a large, urban university
in the Northeastern United States (for partial results of the larger
study, see Luehring-Jones et al., 2016; Manchery et al., 2017; Yarmush et al., 2016). The ﬁrst 60 participants of the larger study were
randomized to this study. Forty-ﬁve percent (n = 27) of the participants were male, and 55% (n = 33) were female. Reported ethnicity
was 28.3% Asian (n = 17), 25% White (n = 15), 23.3% Hispanic
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Table 1. Participant Characteristics

Measure
Gender
Female
Male
Age in years
Drinking behavior
Age of regular drinking
Episodes per week
Drinks per episode
Binge-drinking episodesa
AUDIT score
OCDS score

Total
(N = 60)

Active
training
(n = 30)

Sham
training
(n = 30)

33 (55%)
27 (45%)
21.9 (2.2)

16 (53%)
14 (47%)
22.1 (2.4)

17 (57%)
13 (43%)
21.8 (2.0)

18.5 (2.2)
2.1 (1.2)
3.1 (1.3)
5.3 (7.7)
10.1 (4.6)
9.9 (5.4)

18.5 (2.1)
1.9 (1.0)
3.1 (1.4)
5.3 (8.6)
10.1 (5.0)
10.0 (5.6)

18.4 (2.3)
2.3 (1.3)
3.0 (1.3)
5.4 (6.8)
10.0 (4.3)
9.7 (5.2)

a
Binge-drinking episodes were the number of episodes during the
3 months prior to enrollment in the study, as revealed by the Timeline Follow-Back Questionnaire interview.
Means (SD) are displayed, except for gender, where n (%) are displayed. No significant group differences were observed in any of the variables in the table.

(n = 14), and 16.7% Black (n = 10); 6.7% (n = 4) reported other
ethnicities. Annual household income varied from <$10,000 (8.3%,
n = 5) to more than $100,000 (18.3%, n = 11). Participants had an
average age of 21.9 years (SD = 2.2), had started drinking at an
average age of 18.5 years (SD = 2.2), and consumed an average of
3.1 drinks per episode (SD = 1.3) during an average of 2.1 drinking
episodes per week (SD = 1.2) over the past 90 days. The participants reported an average of 5.3 (SD = 7.3) binge-drinking episodes
in the 3 months prior to enrollment in the study and had an average
score of 10.1 (SD = 4.6) on the Alcohol Use Disorders Identiﬁcation Test (AUDIT; Saunders et al., 1993), indicating that some participants had engaged in risky drinking behavior. That said, the
mean score on the Obsessive-Compulsive Drinking Scale (OCDS;
Anton et al., 1995) was 9.9 (SD = 5.4), well below the average score
of 22.5 typically observed in clinical samples (Anton et al., 1995).
Table 1 summarizes the demographic information of the participants. None of the participants was seeking treatment for his or her
alcohol use or expressed a desire to change his or her drinking
habits.
Potential participants were excluded if they reported consuming
fewer than 3 drinks per week, endorsed a past or present psychiatric
disorder, reported the current consumption of illegal substances,
had a history of cardiovascular disease or current pregnancy, or
failed either a urine toxicology screening for illicit drugs or an alcohol breath test (using an Alco-Sensor IV portable breath alcohol
analyzer; Intoximeters, Inc., St. Louis, MO).
Overview
The research activities described in this paper were approved by
the University-Integrated Institutional Review Board of the City
University of New York. Participants gave informed consent prior
to engaging in this study, received compensation of $60 in cash for
the protocol described in this report, and were fully debriefed upon
completion. Participants attended 3 study sessions on diﬀerent days.
During the ﬁrst session, participants provided urine and breath samples to conﬁrm eligibility, completed background questionnaires,
and participated in a baseline cue-induced craving task. During the
second session, participants completed measures of alcohol-related
implicit biases. Finally, during the third session, participants were
randomly assigned to either the active or sham ABM training group
and completed a series of computer-based tasks to measure alcoholrelated biases immediately before and after the training program.
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These tasks included an alcohol visual probe task, alcohol-Stroop
task, and alcohol approach-avoid IAT in an order that was counterbalanced between participants. Finally, immediately prior to ﬁnishing the third session, participants completed a second cue-induced
craving task in the same form as had been administered during the
ﬁrst study session.
Background Questionnaires
The AUDIT (Saunders et al., 1993) is a 10-item questionnaire
that collects information about alcohol consumption, dependence,
and consequences. Possible scores range between 0 and 40, with
scores over 8 suggesting the presence of harmful drinking (Bohn
et al., 1995).
The OCDS (Anton et al., 1995) is a 14-item questionnaire in
which participants respond on a Likert-like scale from 0 to 4. The
scale consists of 2 subscales, obsessions and compulsions, with a
possible range of 0 to 28 for each, with higher scores indicating more
obsessions and/or compulsions.
The Timeline Follow-Back Questionnaire (TLFB; Sobell and
Sobell, 1992) is an assessment designed to aid participants in accurately recalling their past alcohol consumption. For the purposes of
this study, the TLFB assessed drinking over the 90 days prior to the
participant’s ﬁrst laboratory session and collected data on the number of total drinks, drinking days, and drinks per day during that
period.
Cognitive Measures
Implicit Association Task. Participants completed a version of
the IAT (Greenwald et al., 1998) developed by Ostaﬁn and Palfai
(2006) to measure favorable associations with alcohol-related stimuli. The IAT was presented in Inquisit 4 (Millisecond Software,
Seattle, WA) on a PC running Windows 7 (Microsoft, Redmond,
WA) and measured the strength of individuals’ associations between
approach/avoid attribute words (e.g., approach, closer, avoid, leave)
and target images of alcohol and water. Participants were instructed
to sort alcohol and water images with approach words and avoid
words in diﬀerent blocks of trials. In one block of trials, participants
were instructed to classify alcohol-related images with approach
words and water-related images with avoid words. In a separate
block of trials, the pairings were reversed, and participants matched
alcohol-related images to avoid words and water-related images to
approach words. Diﬀerences in categorization latencies between the
2 sets of blocks were used to assess individual tendencies to associate
alcohol with approach or avoid words. Consistent with Greenwald
and colleagues (2003), trials with latencies >10,000 ms were to be
eliminated and participants for whom more than 10% of trials had
latencies <300 ms were to be excluded from analyses. In this sample,
however, no such conditions existed, and thus adjustments were not
necessary. Latencies on error trials were replaced with the mean
latency for the block plus an additional 600 ms error penalty. The
IAT was scored using Greenwald and colleagues’ (2003) d-score
algorithm with higher (positive) d-scores indicating stronger associations between alcohol and “approach” and lower (negative) scores
indicating stronger associations between alcohol and “avoid.” Internal consistency was high for all trial blocks, with correlations of
0.591 for the pretraining blocks and 0.680 for the posttraining
blocks.
Alcohol-Stroop Task. The alcohol-Stroop task consisted of 2
blocks of 25 alcohol-related (e.g., alcohol: vodka) and 25 neutral
(e.g., nature-related: sea) words that were presented in each of 4 different colors (blue, green, red, or yellow), for a total of 200 trials
during which the participant had to rapidly indicate the color of the
word presented on the screen using a response box. The word list
used in this study was derived from the alcohol-Stroop task featured

in Field and colleagues (2012) and updated slightly to reﬂect alcohol-related words more common to an American audience. The
order of the stimuli was counterbalanced so that participants completed either the alcohol or neutral block ﬁrst. Only correct
responses were utilized in the calculation of response latencies. AB
scores (i.e., Stroop interference scores) were computed by subtracting the average neutral reaction time from the average alcohol reaction time, so that a positive value indicated that participants took
longer to identify the color in which alcohol-related words were presented during the task.
Visual Probe Task. AB to alcohol-related stimuli was measured
by a visual probe task modeled on the task used by Miller and Fillmore (2010) and was presented in ePrime Professional 2.0 (Psychology Software Tools, Inc., Sharpsburg, PA) on a PC running
Windows 7. During the task, participants used a manual response
box to identify the location (either left or right) of a visual probe (an
“X”) that replaced 1 of 2 horizontally opposed images. After completing 12 practice trials (in which all images were drawn from
Miller and Fillmore’s [2010] library of simple “ﬁller” images of single oﬃce objects against a gray background), participants completed an evaluative round of 80 trials, 40 of which paired 1
alcoholic beverage image and 1 ﬁller image, and 40 of which paired
1 nonalcoholic beverage image and 1 ﬁller image. There were 10
images of alcoholic beverages, 10 images of nonalcoholic beverages,
and 20 ﬁller images. The task was programmed in such a way so
that over the course of the 80 trials, each of the 20 alcoholic and
nonalcoholic beverage images was presented 4 times: twice on the
left side of the screen and twice on the right side of the screen. In half
of those appearances, the probe appeared behind the beverage
images; during the other appearances, the probe appeared behind
the ﬁller images. This resulted in the presentation of all possible
image/probe combinations to each participant.
Before each trial, a ﬁxation cross appeared in the center of the
screen for 1,000 ms. The ﬁxation cross then disappeared and the 2
images appeared to the left and right of where the cross had been
and remained on the screen for 1,000 ms. After a brief interval
(1,000 ms), an “X” replaced 1 of the images, after which the participants used a response box to identify whether the X had appeared
behind the image on the left or the image on the right.
The mean reaction times required to identify the location of the
probe, either behind the alcoholic or nonalcoholic beverage image
(the alcohol-congruent or neutral-congruent conditions) or behind
the ﬁller image (the alcohol-incongruent or neutral-incongruent
conditions), were calculated. Slower alcohol-incongruent and faster
alcohol-congruent reaction times indicated greater implicit bias
toward alcohol. Overall AB to the alcohol images was computed by
subtracting the average alcohol-congruent reaction time from the
average alcohol-incongruent reaction time, so that a positive diﬀerence score indicated a bias toward the alcohol images and a negative
diﬀerence score indicated a bias away from the alcohol images.
Reaction times from incorrect trials and trials in which participants
responded more quickly than 100 ms or more slowly than 1,000 ms
were eliminated (Duka and Townshend, 2004; Townshend and
Duka, 2001).
ABM Training
The ABM training consisted of a modiﬁed version of the visual
probe task with neutral and alcohol-related images. The ABM training included 3 blocks of training (approx. 10.5 minutes per block),
with a 5-minute break between the ﬁrst and second blocks and a 10minute break between the second and third blocks. Each block
included 256 trials. During the task, participants were presented
with a ﬁxation cross (1,000 ms) followed by an alcohol or neutral
image on the left and right of the cross for 500 ms. After image oﬀset and an interval of 1,000 ms, a probe (i.e., either a left or right
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pointing arrow) was presented on the screen and replaced either the
alcohol or neutral image. Participants were instructed to identify
which image (either left or right) the arrow had replaced. Participants were randomly assigned to either active or sham training. In
the active training condition, the probe replaced the neutral images
100% of the time, and in the sham condition, the probe replaced the
neutral image 50% of the time. The participants were not informed
of their training assignment.
Cue Exposure Task
The cue exposure task measured craving for alcohol immediately
before and after 4 diﬀerent cues: 90-second in vivo exposures to
alcohol (looking at and smelling a glass of one’s preferred type of
alcohol) and neutral (looking at and smelling a glass of water) cues,
and 90-second imaginal exposures to alcohol (imaging yourself at a
party and having a drink) and neutral (imagining yourself at a grocery store) situations. Craving was measured using a face-valid
5-item (e.g., craving, urge, desire) self-report measure (0 to 100) used
in previous work (Erblich et al., 2009; Yarmush et al., 2016). The
order of the cue exposures was counterbalanced to avoid order
eﬀects. In addition, to minimize potential carryover eﬀects, participants viewed 90-second nature-related video clips between the cue
exposures (Piferi et al., 2000). As indicated above, the cue-induced
craving task was administered twice, once during the ﬁrst “baseline”
study visit, and once again during the third study visit, after the
ABM training and assessment of posttraining implicit biases.

RESULTS
Calculating AB
Many studies that have utilized the visual probe task have
assessed bias toward alcohol on the basis of an “overall bias”
score calculated as the diﬀerence between average reaction
times to the alcohol-incongruent and alcohol-congruent conditions versus neutral conditions (Field and Eastwood, 2005;
Field et al., 2004, 2005; No€el et al., 2006). The overall bias
score therefore is often a composite of 2 diﬀerence scores,
which can be somewhat unreliable, especially in small samples. Other studies have examined the reaction times to the
alcohol-congruent and alcohol-incongruent conditions separately (Field and Powell, 2007; Miller and Fillmore, 2010;
Schoenmakers et al., 2008). In the present results, overall
bias was not signiﬁcantly altered by the ABM training program, but reaction times in the alcohol-incongruent condition were signiﬁcantly reduced between the active and sham
training groups. In the results and analyses that follow, only
the alcohol-incongruent reactions times, rather than the
overall bias score, were used.
Participant Characteristics
Table 2 lists the pre- and posttraining scores obtained
from our 3 measures of implicit bias (the alcohol-Stroop,
alcohol-incongruent condition of the visual probe, and IAT
tasks) and the posttraining cue-induced craving task. Table 3
lists the Pearson correlation coeﬃcients between the outcome
variables of interest in the study. Greater AUDIT scores
were associated with greater OCDS scores and the number
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Table 2. Pre-/Posttraining Descriptive Measures (Raw, Unadjusted
Means) of Attentional Bias and Cue-Induced Craving

Measure
Active Training Group (n = 30)
Stroop Interference Score
Implicit Association Task (IAT)
d-score
Alcohol-incongruent condition
Craving to in vivo alcohol cues
Craving to in vivo neutral cues
Sham Training Group (n = 30)
Stroop Interference Score
IAT d-score
Alcohol-incongruent condition
Craving to in vivo alcohol cues
Craving to in vivo neutral cues

Pretraining

Posttraining

M

M

SD

SD

7.53
0.47

129.15
0.43

14.51
0.38

145.46
0.41

393.04
16.5
1.1

53.46

385.62
9.9
1.0

39.15

18.31
0.24
394.81
11.1
1.5

206.08
0.40
56.43

53.11
0.19
407.24
16.2
3.0

166.47
0.41
54.13

As indicated in the text, statistical analyses were conducted on posttraining bias and craving, controlling for pretraining, in an omnibus model.

of drinks per drinking episode in our overall sample, whereas
greater OCDS scores were separately associated with an
increased number of drinking episodes per week and an
increased number of drinks per drinking episode.
Among the 3 cognitive variables, none of the pretraining
scores were signiﬁcantly associated with one another. However, both the posttraining visual probe task scores and the
posttraining alcohol-Stroop interference scores were associated with greater posttraining IAT scores. Pre- and posttraining visual probe task scores were moderately
signiﬁcantly correlated, as were pre- and posttraining IAT
d-scores. Greater AUDIT scores were correlated with greater
pretraining IAT d-scores whereas greater OCDS scores were
correlated with greater pre- and posttraining IAT d-scores.
Finally, an increased number of drinks per drinking episode
was related to greater pretraining alcohol-Stroop scores.
Eﬀects of Training on Implicit Alcohol Bias
To address the study hypotheses, we conducted a multivariate analysis of variance (MANOVA) with the 3 posttraining implicit bias measures (alcohol-Stroop interference,
bias toward the alcohol-incongruent condition of the visual
probe, and IAT d-score) as dependent variables, and ABM
condition (active training, sham training) as the independent
variable. After controlling for pre-ABM implicit bias scores,
drinking habits and OCDS scores, ﬁndings revealed a signiﬁcant overall eﬀect of the training, F(3, 48) = 4.4, p = 0.008,
with an eﬀect size (g2) of 0.22.
We followed the signiﬁcant MANOVA with a series of
univariate ANOVAs to better characterize the eﬀect of the
training on each dependent measure. As depicted in Fig. 1,
the training had a signiﬁcant eﬀect on alcohol-Stroop scores,
F(1, 50) = 10.1, p = 0.003, partial g2 = 0.167; a signiﬁcant
eﬀect on IAT d-scores, F(1, 50) = 4.8, p = 0.034, partial
g2 = 0.089; and a signiﬁcant eﬀect on reaction times in the
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Table 3. Correlations
Item

1

2

3

1. AUDIT score
2. OCDS score
3. Drinking episodes per week
4. Drinks per drinking episode
5. Pretraining visual probe score
6. Posttraining visual probe score
7. Pretraining Stroop score
8. Posttraining Stroop score
9. Pretraining IAT d-score
10. Posttraining IAT d-score

__

0.674**
__

0.243
0.453**
__

4
0.579**
0.442**
0.083
__

5
0.011
0.143
0.235
0.147
__

6
0.091
0.007
0.022
0.119
0.585**
__

7
0.182
0.002
0.144
0.301*
0.052
0.085
__

8
0.023
0.186
0.042
0.056
0.132
0.148
0.113
__

9
0.283*
0.373*
0.183
0.121
0.128
0.205
0.247
0.191
__

10
0.231
0.289*
0.083
0.250
0.027
0.278*
0.148
0.323*
0.548**
__

*p < 0.05, **p < 0.01.
Visual probe scores are reported for the alcohol-incongruent condition only.

Fig. 1. Effects of ABMT on implicit measures of alcohol bias. *p is significant at 0.05, **p is significant at 0.01.

incongruent condition of the alcohol visual probe task, F(1,
50) = 4.6, p = 0.036, partial g2 = 0.088. In each case, participants in the active training condition exhibited less bias
toward alcohol-related stimuli, including lower alcoholStroop interference scores, greater associations between “alcohol” and “avoid” on the IAT, and faster reaction times in
the alcohol-incongruent condition of the visual probe task,
than did participants who had received the sham training.
Eﬀects of ABM on alcohol-congruent reaction time, however, did not reach signiﬁcance (p > 0.10). Similarly, there
were no training eﬀects on either neutral-congruent or neutral-incongruent reaction times (ps > 0.24). Finally, while the
posttraining IAT d-scores of the active training group were
signiﬁcantly lower (i.e., representing a greater association
between alcohol and avoid) than the posttraining IAT dscores in the sham training group, overall associations for
both groups actually increased slightly, representing a global
increase in associations between alcohol and approach across
the entire sample. The implications of this ﬁnding will be discussed below.
Eﬀects of Training on Cue-Induced Alcohol Craving
To test the eﬀects of training on cue-induced craving, we
conducted a repeated-measures ANOVA with cue (neutral,
alcohol) and day (pretraining, posttraining) as within-

subjects factors, and training (active, sham) as the independent variable, controlling, as above, for drinking habits and
OCDS scores. The dependent variable was the change in
craving from immediately before to immediately after each
exposure. Consistent with the study hypothesis, we observed
a signiﬁcant Training 9 Cue 9 Day interaction, F(1,
51) = 4.4, p = 0.042, g2 = 0.078, such that those participants
in the active training group exhibited signiﬁcantly lower
craving reactions after exposure to alcohol cues.
Mediational Analyses of ABM Training, Cue-Induced
Craving, and Implicit Bias
We next tested the hypothesis that the eﬀects of ABM on
cue-induced craving were mediated by reductions in implicit
bias. To that end, we calculated indirect eﬀects of training on
craving through implicit bias, and we estimated bootstrapped 95% conﬁdence intervals (10,000 samples) for the
indirect eﬀect using the SPSS PROCESS macro, as described
in Hayes (2013). This process was carried out separately for
each of the 3 potential mediators: Stroop interference, alcohol-incongruent visual probe scores, and IAT d-scores. Partially consistent with the hypothesis, results revealed a
signiﬁcant indirect eﬀect of training on the reduction in craving, but only through the reduction in Stroop interference
scores (see Fig. 2; b = 0.13, 95% conﬁdence interval:
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Fig. 2. Stroop interference scores mediated the effects of ABMT on
cue-induced craving. *p < 0.05

[ 0.44, 0.02]). Indirect eﬀects through visual probe scores
and IAT d-scores, however, were not signiﬁcant.
DISCUSSION
The results of this study replicate previous work that has
demonstrated the eﬃcacy of ABM training in reducing ABs
toward alcohol-related stimuli (Eberl et al., 2013; Field and
Eastwood, 2005; Field et al., 2007b; McGeary et al., 2014;
Schoenmakers et al., 2007, 2010) and extend ﬁndings to nontreatment-seeking young adult drinkers, a potential risk
group that has been less studied in the literature than drinkers who consume alcohol excessively (e.g., Christiansen
et al., 2015). Although our ABM intervention employed a
visual probe task, its eﬀects generalized to Stroop interference scores in addition to improvements in the alcoholincongruent condition of the visual probe task itself. IAT
d-scores were signiﬁcantly lower in the active training group
after training, but global increases in posttraining IAT dscores across both groups suggest that the ﬁnding of a signiﬁcant diﬀerence might have been due to initial variation in
d-scores between the groups rather than to the ABM training
(see Table 2). Additionally, ﬁndings demonstrate that ABM
training reduces cravings elicited by exposure to alcohol cues,
an outcome with particular clinical relevance given its potential role in problem drinking. Importantly, we found an indirect eﬀect of ABM training on craving reductions through
the reduction in alcohol-Stroop interference scores. This
indirect eﬀect suggests that there may be an underlying cognitive mechanism common to both cue-induced craving and
the Stroop interference eﬀect that is subject to manipulation
by laboratory-based ABM training and that ABM exerts its
eﬀects on cue-induced craving by altering implicit cognitions
related to alcohol. Whereas previous research similarly documents that ABs toward alcohol-related stimuli can be manipulated by a single session of a visual probe-based ABM
training program (Fadardi and Cox, 2009; Field and Eastwood, 2005; Field et al., 2007b; Schoenmakers et al., 2007),
the present study investigated these eﬀects in a sample of
young adult drinkers who were neither treatment-seeking
nor alcohol-dependent and thus represent an important target group for early, brief interventions such as ABM.
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These results provide an additional perspective on other
ﬁndings related to young adult drinkers in the experimental
literature. In a recent study, Lindgren and colleagues (2015)
found that a training paradigm designed to reduce implicit
alcohol approach tendencies in a non-treatment-seeking
sample of undergraduate social and risky drinkers did not
reduce implicit alcohol associations or drinking outcomes. In
a second study, McGeary and colleagues (2014) reported
that an online dot-probe-based attentional training program
did result in signiﬁcant reductions in alcohol consumption in
a group of non-treatment-seeking but heavy-drinking undergraduate students. The participants in the present study
included some undergraduates and some heavier/risker drinkers (as measured by AUDIT scores and engagement in
binge-drinking episodes), but also nonstudents and lighter
drinkers, so that the results described herein may recommend
visual probe-based interventions over other training
approaches that attempt to alter alcohol approach and
avoidance tendencies.
The alcohol visual probe and alcohol-Stroop tasks are the
tasks most-often encountered in the ABM training literature
(e.g., Christiansen et al., 2015), and while not without
methodological challenges (Ataya et al., 2012; Cox et al.,
2006), remain the standard tasks used to assess outcomes in
ABM training studies. The alcohol IAT was included as a
third cognitive assessment task in order to examine whether
the ABM training was capable of altering implicit attitudes
toward alcohol-related stimuli, which a growing body of evidence has found to be predictive of alcohol consumption,
poorly controlled drinking, and other important factors
related to alcohol use (Lindgren et al., 2014; Ostaﬁn et al.,
2008, 2014; Reich et al., 2010; Roefs et al., 2011). The inclusion of these 3 measures of implicit alcohol-related cognition
allowed us to better conceptualize the range of eﬀects that
ABM training can exert and model relationships between
alcohol-related cognitions and behaviors that have not been
previously observed.
To our knowledge, this is the ﬁrst study to demonstrate
that ABM training can signiﬁcantly reduce cravings for alcohol induced by exposure to in vivo alcohol cues. den Uyl and
colleagues (2016) noted a signiﬁcant reduction in cueinduced craving to alcohol-related pictures (rather than
in vivo cues) for hazardous-drinking participants who
received transcranial direct current stimulation (tDCS) in
addition to a CBM program, but the authors attributed the
reduction in cue-induced craving to the eﬀects of the tDCS
and noted that overall craving did not decrease in their participants. Wiers and colleagues (2015) observed signiﬁcant
reductions in both craving and amygdala activity in response
to visual alcohol cues in alcohol-dependent patients following several sessions of active CBM: their ﬁndings suggest that
the amygdala may be the neurological locus of the changes
in cue-induced craving observed in the present study.
Our observation that reductions in cue-induced craving
after ABM training were mediated by reductions in alcoholStroop interference scores is a similarly novel ﬁnding within
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the AB literature. Only 1 study (Fadardi and Cox, 2009)
noted a decrease in alcohol-Stroop interference scores following ABM training in hazardous drinkers. The mediation
eﬀect of the alcohol-Stroop interference scores on cueinduced craving suggests that both craving and the alcoholStroop task may share a common cognitive mechanism that
is amenable to change via ABM training techniques. Finally,
it is worth noting that of the 3 cognitive variables examined
in this study (the alcohol-Stroop task, the IAT, and the visual
probe task), the alcohol-Stroop task exhibited the largest
eﬀect from pre- to posttraining measurement. The relatively
small overall eﬀects of ABM on IAT and visual probe scores
may have made it diﬃcult in this sample to identify signiﬁcant indirect eﬀects.
Additionally, there is evidence that Stroop interference
scores reﬂect a measure of delayed disengagement rather
than the initial orienting of attention (Field and Cox, 2008;
Field et al., 2009). Keeping this in mind, the mediated eﬀect
of ABM training on cue-induced craving via the Stroop may
indicate that the ABM intervention reduced the extent to
which alcohol-related stimuli were able to sustain the participants’ attention, which in turn led to reductions in cravings
following exposure to alcohol cues. When combined with the
results of the visual probe task, which measures the strength
of the participants’ initial attentional orientation, the results
suggest that the ABM training program was able to target
both the initial orienting of attention and later delayed disengagement. Future research should investigate the role of initial attention allocation and sustained attention on craving
outcomes.
The study has several noteworthy limitations. First, the
sample was relatively small, and thus, results should be interpreted with appropriate caution. Along these lines, the modest sample size may have contributed to the pretraining
variability observed in the study. A larger sample may have
yielded more stable pretraining levels of AB, potentially
yielding stronger overall eﬀects. Replication on a larger sample would also permit the exploration of key eﬀect moderators, including drinking habits, with a particular focus on
drinkers who are selected for increased risk of developing
alcohol use disorders. Replication of the current eﬀects in
high-risk samples would provide further evidence of the clinical utility of ABM. Finally, to reduce habituation, we
employed ﬁller images in the visual probe task (Miller and
Fillmore, 2010). It is possible that direct comparisons
between alcohol and neutral stimuli as a measure of bias
would have yielded stronger results.
Research into the eﬃcacy of ABM training programs has
expanded greatly over the past decade. Initial enthusiasm,
however, has been tempered by numerous studies with inconclusive or contradictory ﬁndings, and recent articles, including a review (Christiansen et al., 2015) and meta-analyses
(Cristea et al., 2016; Mogoasße et al., 2014), have advised
researchers and clinicians to demand more data before reaching ﬁrm conclusions about the utility of these attentional
retraining techniques. The results presented in this paper

oﬀer evidence that ABM training can be eﬀective at reducing
alcohol-related biases and cue-induced craving in a group of
young adult drinkers, but additional research will be
required to gauge the eﬀectiveness of this type of training
over time and in the many diﬀerent situations in which craving may occur. Ultimately, the assessment of the clinical relevance of ABM will rest on larger prospective studies that
link ABM training with downstream reductions in alcohol
ABs, other implicit cognitions, cravings, and drinking
behavior.
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