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ARTICLE INFO ABSTRACT

Keywords:
Sign-tracking
Incentive sensitization

Background: A prominent neuroscientific theory of drug addiction is the incentive sensitization model. Individual
differences in the tendency to ascribe motivational salience to cues that predict reward, and involuntary “sign-
tracking” (orientation towards) such cues have been identified as potentially important in understanding
vulnerability to addiction and relapse. However, to date this behaviour has not been assessed in a treatment-
seeking clinical population, who typically represent those most susceptible to alcohol-related harms and epi-
sodes of relapse. This highlights a significant gap in the literature pertaining to incentive sensitization and drug
dependence.

Methods: Individuals accessing inpatient drug and alcohol services with alcohol as primary drug of concern were
recruited to participate in a Cognitive Bias Modification (CBM) intervention. At the baseline assessment, par-
ticipants completed various self-report measures (including the Alcohol Use Disorders Identification Test;
AUDIT) in addition to a visual search task measuring sign-tracking to cues signalling monetary reward. At 3-
month follow up, abstinence from alcohol was the primary outcome measure. All analyses and hypotheses
were pre-registered.

Results: At baseline (57 participants), AUDIT scores correlated with sign-tracking to signals of monetary reward.
In a subsequent regression analysis sign-tracking, gender and self-reported alcohol craving predicted abstinence
at 3-month follow up (41 participants).

Conclusions: Our work demonstrates that involuntary sign-tracking to cues signalling non-drug reward is asso-
ciated with problematic alcohol use and return to use at 3-month follow up, in a treatment-seeking sample.
Whether this automatic prioritisation of cues signalling reward is a consequence or vulnerability for problematic
alcohol use remains to be investigated.

Alcohol use
AUDIT

Reward seeking
Attentional bias

1. Introduction

Alcohol use disorders are highly prevalent affecting more than 5 % of
the global population in 2016 (Rehm & Shield, 2019). The majority
(50-80 %) of patients return to use within 1 year of treatment (Charney
et al., 2010; Manning et al., 2022). Arguably the most prominent theory
of drug addiction is the incentive sensitization model (Robinson &

Berridge, 1993, 2000, 2001). Repeated drug use leads to hypersensi-
tivity to the rewarding effects of the drug and to stimuli that are pre-
dictive of the drug. Cues that signal potential drug outcomes are imbued
with excessive ‘incentive salience’, becoming motivational magnets that
are difficult to ignore, and that bias attention and ultimately behaviour
towards obtaining the drug.

Individual differences in the tendency to ascribe incentive salience to
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cues that predict reward, and their ability to promote reward-seeking
behaviour, are potentially important in understanding vulnerability to
addiction and relapse (Colaizzi et al., 2020; Flagel et al., 2009). In non-
human animals, these individual differences have been identified during
Pavlovian conditioning protocols as ‘sign-tracking’ and ‘goal-tracking’
profiles. When learning about the predictive relationship between
Pavlovian cues (e.g., lights) and outcomes (e.g., food pellets), goal-
tracking animals use the cue as a signal to orient to the location where
the food is going to be delivered. Sign-trackers however, approach and
engage with the Pavlovian cue (e.g., the light) rather than the food
location (Hearst & Jenkins, 1974; Killeen, 2003). In line with the
incentive sensitization model, sign-tracking towards signals of food
reward in animals is related to increased vulnerability for the develop-
ment of addiction-like behaviours (B. T. Saunders & Robinson, 2010,
2011; Tomie et al., 2008). For example, rats showing increased sign-
tracking to cues that signalled food rewards were later more likely to
self-administer cocaine in the presence of cues signalling cocaine
availability, despite concurrent foot shocks (B. T. Saunders et al., 2013).

Arguably the best analogue for sign-tracking behaviour in humans is
value-modulated attentional capture (VMAC). The VMAC paradigm is a
computerized visual search task in which participants must search the
display for a unique diamond shape (the target) among a set of circles.
On each trial one of the circles (the distractor) is rendered in colour, with
the colour signalling whether a high or a low monetary reward is
available for successfully locating the target. Numerous eye-tracking
studies have shown that participants look more often at a distractor
signalling high vs. low reward, even if they are aware that looking at the
distractor will result in the loss of the signalled reward on that trial (Le
Pelley et al., 2015; Pearson et al., 2015; Albertella et al., 2017; reviews:
Watson et al., 2019a; Colaizzi et al., 2020). Similarly, using a response
time (RT) version of the task, where faster reaction times earn more
money (particularly on high reward trials), participants respond to the
target more slowly when a high-reward distractor is present in the
display, despite this being counterproductive to the goal of earning
money (Albertella et al., 2019, 2021). This pattern of attentional ori-
enting to the signal of reward is interpreted as involuntary Pavlovian
sign tracking (Albertella et al., 2021; Colaizzi et al., 2020; Watson et al.,
2019b).

Using this task, increased sign-tracking to cues that predict monetary
reward has been related to illicit drug use in students (Albertella et al.,
2017), increased self-reported addictive compulsions in a community
sample (Albertella et al., 2019) and increased likelihood of failing a one-
month alcohol abstinence challenge in individuals wishing to reduce
their alcohol consumption (Albertella et al., 2021). However, to date
sign-tracking behaviour has not been assessed in a treatment-seeking
clinical population, highlighting a significant gap pertaining to incen-
tive sensitisation and alcohol dependence (Cofresi et al., 2019; Colaizzi
et al., 2020). Understanding the role of this behaviour in problematic
and compulsive alcohol use may offer future directions for the devel-
opment of treatments that target incentive salience processes in alcohol
dependence.

All study hypotheses and analyses were pre-registered at https://osf.
io/z5d6k. Firstly, in a baseline assessment we aimed to assess whether
sign-tracking to cues signalling monetary reward was correlated to
problematic alcohol use in this treatment-seeking population. Secondly,
we aimed to determine the effectiveness of an adapted cognitive bias
modification protocol (designed to reduce attentional orienting and in-
crease behavioural inhibition towards images of alcohol) for enhancing
treatment efficacy in alcohol dependence. Due to COVID lockdowns,
recruitment was severely affected, and it was not feasible to recruit 40
participants in each intervention group (as originally pre-registered). As
such, pre-registered aims 1 and 2 which focus on investigating the
between-group effectiveness of the intervention were unable to be
examined. It was possible, however, to assess the factors predicting re-
turn to alcohol use at 3-month follow up (after controlling for inter-
vention group assignment).
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2. Method
2.1. Participants

Participants, abstinent from drugs and alcohol, were recruited from
two residential drug and alcohol treatment facilities in Sydney. Both
facilities offered 12-week inpatient programmes focusing on psycho-
education and holistic care. Inclusion criteria were alcohol as primary
drug of disorder and referral from clinicians/caseworkers. Poly-drug use
was not an exclusion criterion. Exclusion criteria were non-native
speakers of English, diagnosis of alcohol-induced amnestic confabula-
tory neurocognitive disorder, serious neurological problems including
repeated seizures, a history of schizophrenia, current strong withdrawal
symptoms, learning disorders (specifically reading/writing) and visual
or motor disabilities that would impact their ability to engage in the
procedure.

In total 59 participants (see Table 1 and Supplemental materials)
were enrolled in the study and completed the baseline assessment
earning $20, plus a performance-contingent bonus of between $5-$8 in
the sign-tracking (VMAC) task. Most participants reported at least five
years of alcohol dependence and had attempted multiple times to cease
alcohol use (Figure S1). Fifty-four participants successfully completed
the 2-week intervention earning $10 for each of six 15-minute sessions
in addition to a performance-contingent bonus totalling $30-$50 across
the intervention sessions. Three months after the end of the intervention,
50 participants (84.75 %) completed the online follow-up Qualtrics
survey and received the bonus payment they had earned during the
intervention (four participants lost to follow up).

2.2. Materials

2.2.1. Baseline measurements

VMAC task. To measure sign-tracking to signals of monetary reward,
participants completed the RT version of the VMAC task (Fig. 1). On
each trial, participants saw six shapes appear — five circles and one
diamond (the target). Participants were asked to make a forced choice
response to the orientation of the line within the diamond (horizontal or
vertical) as quickly as possible to earn points (later translated into a
monetary bonus). On most trials, one circle (the distractor) was
rendered in either blue or orange and all other shapes were grey. Par-
ticipants were instructed that the coloured circle indicated whether it
was a’10 x bonus’ trial (high reward) or a ‘standard’ trial (low reward),
with the assignment of colour to reward counterbalanced across par-
ticipants. Feedback on each trial (1500 ms) either indicated that par-
ticipants had made an error, responded too slowly (RT > 1300 ms) or,
after correct responses, the number of points that had been won. For
correct responses on low-reward trials participants earned 0.1 points for
every ms that their response time was below 1300 ms (e.g., RT of 700
ms = 60 points). On high-reward trials the points were multiplied by 10
(e.g., RT of 700 ms = 600 points) and the feedback screen also displayed
the text “10 x BONUS TRIAL!”. Each block contained 24 randomised
trials, consisting of 10 trials with the high-reward distractor, 10 trials
with the low-reward distractor, and four distractor-absent trials in

Table 1

Demographic and clinical profile of participants.
N =59 Mean (SEM)
Age (years) 40.7 (1.3)

Gender (male/ female) ratio 49/10

Years of education 13.0 (0.5)
Baseline AUDIT 31.8 (0.9)
Baseline OCDS 24.9 (0.9)
Baseline BDI 12,9 (1.2)

Table notes: AUDIT = Alcohol Use Disorders Identification Test,
OCDS = Obsessive Compulsive Drinking Scale, BDI = Beck
Depression Inventory.
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Fig. 1. Trial structure of the VMAC task used to measure sign-tracking to signals of monetary reward. Participants were asked to respond to the orientation of the
line in the diamond target, with faster (correct) responses earning more points. Whether the current trial was a ‘standard’ (low-reward) trial or a ‘10 x BONUS’ (high-
reward) trial was signalled by a colour-singleton distractor circle in the search display: in this example, an orange distractor signals low reward and a blue distractor
signals high reward (in the experiment, the relationship between colour and reward was counterbalanced across participants). Images not to scale.

which all shapes were grey). Participants completed 12 blocks (288
trials total) with a break after every two blocks. Counterproductive
slowing of RT on high-reward relative to low-reward trials is indicative
of sign-tracking behaviour.

AUDIT. During the baseline assessment participants completed the
10-item Alcohol Use Disorders Identification Test (AUDIT; J. B. Saun-
ders et al., 1993), a screening tool to assess hazardous and risky alcohol
use behaviour, with good test-retest reliability and internal validity
(Reinert & Allen, 2002).

OCDS. During the baseline assessment and again at 3-month follow
up participants completed the 14-item Obsessive Compulsive Drinking
Scale (OCDS; Anton et al., 1996). This scale measures obsessive thoughts
about alcohol use and compulsive behaviours toward drinking with
good internal consistency (Roberts et al., 1999).

Beck Depression Inventory. During the baseline assessment par-
ticipants completed the 21-item Beck Depression Inventory (BDI-II)
measuring symptoms associated with depression (Beck, Steer, & Brown,
1996). The BDI has high internal consistency (Beck, Steer, Ball, et al.,
1996).

2.2.2. Intervention

Participants were randomly assigned to one of the three intervention
groups. Across two weeks participants completed six computer-based
sessions of either alcohol attentional bias retraining (modified dot-
probe task: Rinck et al., 2018), alcohol response inhibition retraining
(modified Go/No-Go task: Houben et al., 2011) or were assigned to an
active control group who saw the same images as the other two groups
within the context of a working memory task (N-back task: Jaeggi et al.,
2010). Participants in all groups saw the same images of alcoholic and
non-alcoholic beverages, sourced from the ‘Australian Beverage Picture
Set’ (Onie et al., 2020; Watson & Onie, 2023). For full details of the
intervention tasks see Supplemental Information.

2.2.3. Post intervention questionnaire

After completing the final session of the intervention (session six)
participants were asked to indicate the degree to which the images of
alcohol made them crave alcohol during the sessions (VAS anchored
with 0 “I never craved”, 50 “moderate” and 100 “very intense”). Par-
ticipants were asked to indicate whether they planned to remain

abstinent from alcohol (yes/no/unsure).

2.2.4. 3-month follow up questionnaire

Three-months after the final intervention session participants were
asked to complete a follow-up questionnaire. The primary dependent
variable was the yes/no response to the question “In the last three months,
have you been continuously abstinent (no use of any alcohol or drugs)?
"Drugs’ does not include nicotine but does include prescription drugs (ob-
tained off prescription) and/or illegal drugs. ” The full questionnaire and all
data can be found at https://osf.io/4afme.

2.3. Procedure

Individuals who met inclusion criteria for the study were informed of
the study within the first three-six weeks of intake by a psychologist/
case manager (independent of their clinical care). Participants could
then make an appointment with the researcher who obtained informed
consent. The baseline assessment and intervention sessions were con-
ducted individually, onsite, on a laptop. During the 1 hr baseline
assessment participants first completed the sign-tracking (VMAC) task
before completing the baseline demographic/clinical questionnaires.
The first of the six intervention sessions occurred within the subsequent
2-3 days. Over the course of 14 days, participants performed the same
intervention task across six sessions (with no more than one session per
day). At the end of the sixth intervention session participants were asked
to complete the Post Intervention Questionnaire. Three months after the
final intervention session participants were contacted and asked to fill in
the 3-month follow up questionnaire and then received their bonus
payment.

2.4. Data Processing

Processing of behavioural data in the VMAC task followed our
standard procedures (Le Pelley et al., 2022; Watson et al., 2019a). We
discarded trials with anticipatory (<150 ms) or too slow (>1300 ms)
responses. Analysis of RTs used correct responses only. Sign-tracking
behaviour was indexed by slowing of RT on trials with a high-reward
distractor relative to trials with a low-reward distractor (VMAC scores).


https://osf.io/4afme
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3. Results
3.1. Reliability of baseline measures

Cronbach’s alpha was calculated for the questionnaire measures. All
scales showed good reliability in the current sample with AUDIT a =
0.83, OCDS a = 0.91 and BDI a = 0.91. Split-half reliability of the sign-
tracking measure (VMAC scores: RT on high-reward minus low-reward
trials) was rgy = 0.68 (Spearman-Brown prophecy formula adjusted),
which closely approached the standard acceptable value of 0.7.

3.2. Baseline Assessment: Sign-tracking

Fifty-seven participants completed the VMAC task at baseline. This
sample size gives power of 0.96 to detect a VMAC effect of size dz =
0.50, as observed in previous research with this task (Watson et al.,
2019b). Consistent with this previous research, we observed that par-
ticipants were indeed significantly slower in the presence of distractors
signalling high reward relative to low reward, t(56) = 3.49, p <.001, d,
= 0.463. As pre-registered, simple correlational analyses were used to
investigate the relationship between VMAC scores (index of sign
tracking towards non-drug reward), AUDIT and OCDS. AUDIT and
VMAC score were non-normally distributed (Shapiro-Wilk p <.05), so
non-parametric Spearman’s rank correlations were used. As expected,
VMAC scores at baseline correlated significantly with both AUDIT
scores, 1(55) = 0.321, p =.015 (see Fig. 2), and OCDS scores ry(55) =
0.320, p =.015. Control analyses confirmed that AUDIT was uniquely
related to sign-tracking behaviour and not to overall RT or perceptual
effects (see Supplemental Materials).

Exploratory regression analysis was used to examine whether base-
line AUDIT predicted variance in baseline sign-tracking behaviour after
controlling for demographic factors. Demographic data was missing for
one participant who was excluded from the model. The model at Step 1
including age, years of education and gender was not significant, F
(3,52) = 2.454, p =.074. After entry of the AUDIT and BDI scores at Step
2, the model was significant, F(5, 50) = 2.624, p =.035, explaining 21 %
of the variance in the baseline VMAC score. In the final model, only age
(B = -0.326, p =.018) and AUDIT score (B = 0.289, p =.027) were
statistically significant predictors of sign-tracking.
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Fig. 2. Correlation between sign-tracking to monetary reward and prob-
lematic alcohol use. Larger VMAC scores at baseline (indicative of increased
sign-tracking towards cues signalling high reward relative to low reward) were
associated with increased AUDIT scores. Shaded area indicates 95% confi-
dence interval.
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3.3. Factors that predicted abstinence at 3-month follow up

Of the 50 participants who completed the 3-month follow-up survey,
41 (82 %) indicated an intention to remain abstinent from alcohol in the
Post Intervention Questionnaire, five (10 %) were unsure, and four (8 %)
did not record a response. As pre-registered, only those who indicated
that they intended to remain abstinent were included in the analyses of
data from the 3-month follow-up, and demographic and clinical infor-
mation for these participants is shown in Supplemental Information.
There were no significant differences in the demographic or clinical
profiles of the sample included in the baseline compared to those who
remained in the 3-month follow-up analysis. Specifically these groups
did not differ on baseline AUDIT, t(57) = 0.65, p =.517; OCDS, t(57) =
0.77, p =.443; BDI, t(56) = 1.39, p =.17; age, t(56) = 1.64, p =.106;
years of education, t(56) = 0.93, p =.356; VMAC score, t(55) = 0.85, p
=.40 or gender distribution, X2 ~ 0.96, p =.615.

Fifteen participants (37 %) reported return to alcohol use at 3-month
follow up. As pre-registered, a multilevel binary logistic regression
model was used with abstinence (1) versus return to use (0) as depen-
dent variable. First level regressors included AUDIT score, sign-tracking
(VMAQC) at baseline, age, gender, years of education, intervention group
and reported craving during the retraining sessions (as measured at the
end of session 6). Participants were nested within treatment facility at
the second level. As shown in Table 2, the strongest predictors of
abstinence were being male (p =.040), having a smaller VMAC score (i.
e., displaying less sign-tracking) at baseline (p =.056; marginally sig-
nificant), and reporting lower craving in the post intervention ques-
tionnaire (p =.033), with the latter having an odds ratio of 0.95.

Given the observed correlation between VMAC and AUDIT scores
(see section 3.2), we ran follow-up (non-preregistered) regressions
removing each one of these two regressors from the model in turn. When
VMAC scores were removed from the model, AUDIT scores remained
non-predictive of the likelihood of abstinence (p =.467), similarly when
AUDIT scores were removed the predictive value of the VMAC score was
reduced (p =.067).

4. Discussion

In this pre-registered study, we used the value-modulated attentional
capture (VMAC) task to assess whether sign-tracking behaviour towards
non-drug reward would be related to severity of alcohol use disorder
symptoms at baseline in an abstinent, treatment-seeking group of in-
dividuals. Results indicated that during the baseline assessment AUDIT
and OCDS scores (both indexing severity of alcohol use problems) were
correlated positively with sign-tracking behaviour towards monetary
reward. Furthermore, reduced sign-tracking at baseline predicted
abstinence at 3-month follow-up (albeit marginally significant, p
=.056), along with being male and reporting in the post-intervention
questionnaire that the alcohol images used during the intervention
sessions evoked less craving.

Sign-tracking describes the tendency to approach and engage with
cues that have acquired motivational salience by virtue of their associ-
ation with rewarding outcomes. The fact that involuntary sign-tracking
behaviour is observed across species (Colaizzi et al., 2020; Hearst &
Jenkins, 1974; Pace et al., 1980) suggests that automatic orienting to
signals of reward is (in general) an adaptive trait. Nonetheless it has
been suggested that the tendency to ascribe incentive salience to cues
that predict reward may become pathological and thus potentially
important in understanding vulnerability to addiction (Colaizzi et al.,
2020; Flagel et al.,, 2009). This study is the first to experimentally
demonstrate the hypothesized relationship between sign-tracking to-
wards non-drug reward and problematic alcohol use in a sample of in-
dividuals seeking treatment for alcohol and drug use. The results are in
line with previous demonstrations in non-human animals and sub-
clinical populations that sign-tracking for non-drug reward (e.g., to-
wards cues signalling food or monetary outcomes) is related to
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Table 2
Multilevel binary logistic regression predicting likelihood of abstinence at 3-month follow up.
B SEM Wald df P Odds ratio 95 % CI 95 % CI
Lower Upper

Years of education 0.13 0.17 0.61 1 0.436 1.14 0.82 1.60
Baseline AUDIT 0.04 0.06 0.43 1 0.510 1.04 0.92 117
Baseline Age -0.10 0.046 3.00 1 0.083 0.90 0.82 1.01
Gender (Male = 0) —-2.7 1.219 4.22 1 0.040 0.06 <0.01 0.88
Baseline VMAC effect RT —0.03 0.01 3.66 1 0.056 0.98 0.94 1.00
Intervention group 0.47 2 0.791
Group AB vs. control 0.77 0.99 1 0.518 1.89 0.27 13.08
Group RI vs. control) 0.55 1.17 1 0.638 1.73 0.18 17.15
Craving reported final Session —0.05 0.03 4.53 1 0.033 0.95 0.90 0.10
Intercept —0.11 0.54 0.823 0.88 0.31 2.53

Notes: AUDIT = Alcohol use disorders identification test, VMAC = Value -modulated attentional capture, AB = attentional bias, RI = response inhibition

compulsive drug and alcohol use (Albertella et al., 2017, 2019, 2021;
Flagel et al., 2009).

Following the baseline assessment participants were assigned to
receive a cognitive bias modification intervention, alongside treatment
as usual. Unfortunately, due to COVID-19 lockdowns and restrictions,
the study was not appropriately powered to compare the relative effi-
cacy of the different interventions, relative to the active control. None-
theless, we were able to carry out pre-registered regression analyses
examining the unique factors that predicted abstinence vs. return to
drug and/or alcohol use at 3-month follow up. Self-reported craving in
response to alcohol images at the final intervention session was the
strongest predictor of return to use. Craving has been previously iden-
tified as a reliable predictor of drug and alcohol relapse (Sliedrecht et al.,
2019; Stohs et al., 2019). In the current study gender was also an
important factor with males more likely to maintain abstinence at 3-
month follow up. However, the relatively small number of females in
the analysis (seven, 17 % of the sample) means that this effect should be
interpreted with caution. Finally, sign-tracking at baseline had some
predictive value with an increased tendency to be distracted by the cue
signalling high versus low monetary reward increasing the likelihood of
return to use at 3-month follow up. Although this effect was only
marginally significant, this hypothesis was pre-registered and was not an
exploratory finding. This effect warrants replication, but it clearly aligns
with the predictions of the incentive sensitization model of addiction
(Cofresi et al., 2019; Colaizzi et al., 2020; Robinson & Berridge, 1993,
2001).

Using other types of behavioural paradigms, Pavlovian stimuli that
signal non-drug reward have been shown to have powerful effects on
ongoing instrumental behaviour, exaggerated in treatment-seeking
populations (Garbusow et al., 2016; Sommer et al., 2017, 2020). How-
ever, it is not clear from that literature (or the current study) whether
increased sensitivity to Pavlovian reward cues precedes drug and
alcohol use, or is a consequence of drug and alcohol use (or both).
Carefully controlled animal studies have reported that sign-tracking
towards cues signalling food, assessed before exposure to drugs of
abuse, is linked to increased vulnerability for the later development of
addiction-like behaviours (Flagel et al., 2009; B. T. Saunders & Rob-
inson, 2010; Tomie et al., 2008). On the other hand, neuroadaptations in
the brain following repeated drugs and alcohol use are well documented
across species(Cofresi et al., 2019; Liischer & Malenka, 2011; Self, 2004;
Ungless et al., 2001) and increased sensitivity to Pavlovian cues sig-
nalling reward could be a consequence of these changes. Longitudinal
studies across childhood and early adulthood are required to understand
whether exaggerated sign-tracking behaviour, and sensitivity to
Pavlovian cues more broadly, emerge in humans before exposure to
drugs and alcohol.

Finally, this study had some limitations. Sign-tracking was oper-
ationalised as the VMAC score (RT difference on high-reward minus low-
reward trials) but the adjusted split-half reliability of 0.68 was slightly
below the value of 0.7 typically taken to be the acceptable threshold for

research into individual differences (see also: Garre-Frutos et al., 2024).
This is an issue common to many experimental paradigms and the
resulting scores may best reveal characteristics of groups (e.g., ab-
stainers vs. non-abstainers, as here) rather than more fine-grained in-
dividual differences (MacLeod et al., 2019). To assist with recruitment
and increase ecological validity (Diaz-Batanero et al., 2018; Verdejo-
Garcia & Pérez-Garcia, 2007) poly-drug use was not considered an
exclusion criterion. Participants were referred for participation by cli-
nicians in cases where alcohol was considered the primary drug of
dependence. It is clear however that some participants did not consider
themselves dependent on alcohol, and two participants had AUDIT
scores at baseline that were below the cut-off of 15 sometimes cited as
likely clinical dependence (Rubinsky et al., 2010). Note that the AUDIT
score focuses primarily on alcohol harms in the last year, so it is possible
to be concerned about the potential of relapse and seeking treatment for
ongoing alcohol dependence, even if AUDIT scores are not particularly
high. To reduce the burden of participation and ensure that the baseline
assessment could be carried out during a one-hour timeslot, we collected
only limited demographic and clinical information from participants (as
pre-registered). The lack of information about (for example) the socio-
economic status of participants, their religious and cultural identities
and prior history of treatment seeking may therefore limit the general-
isability of the study findings to other treatment settings.

To reduce likelihood of drop out, all follow-up data was self-reported
via an online questionnaire. Although self-report measures are poten-
tially vulnerable to false report, concordance between self-reported drug
use and more objective biochemical measures is generally high in
treatment-seeking populations (Clark et al., 2016). Finally, there was
not sufficient power to be able to assess the impact of the different
intervention groups on rates of abstinence vs. return to use. We refer
interested readers to larger randomized controlled trials of cognitive
bias modification that highlight the potential usefulness of this inter-
vention when administered alongside treatment as usual (Manning
etal., 2016, 2019, 2021; Rinck et al., 2018; Wiers et al., 2023). We also
note that all data from the current study is freely available for future
research purposes https://osf.io/4afme/.

In conclusion, this study demonstrates that involuntary sign-tracking
to cues signalling non-drug reward is associated with problematic
alcohol use and (potentially) return to use at 3-month follow up, in a
treatment-seeking sample. Whether this automatic prioritisation of cues
signalling reward is a consequence or vulnerability for problematic drug
use is yet to be established.
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