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Using a drug-word Stroop task to differentiate
recreational from dependent drug use
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Distinguishing dependent from recreational drug use can be a surprisingly difficult task, and the current means for
identifying substance abuse can be inadequate or even misleading. In subjective self-reports, those who are most at
risk may downplay their consumption, not admitting to the full extent of their habit, and measures purely of quantity
of use rarely capture the true nature of an individual’s relationship to the drug, such as a psychological dependence on
the substance. This trend is particularly true for heavy stimulant use, which is absent of the physical withdrawal
symptoms that can help identify opiate or alcohol dependence. As such, a simple objective measure to help identify
substance abuse, particularly in individuals who might not otherwise raise suspicion, would be a valuable tool in both
clinical and experimental settings. We propose that the drug-word Stroop task, an objective assessment of attentional
bias and distraction to salient drug-related stimuli, would be a valuable tool in helping to make these categorizations.
This measure has been shown to correlate with drug craving, as well as to successfully distinguish dependent from
recreational stimulant users and to help to predict outcomes in treatment-seeking individuals. Here, we survey prior
literature on the drug-word Stroop task and provide a perspective on using the assessment as a potential diagnostic
for drug use severity.
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Introduction
In the recently released Diagnostic and Statistical
Manual of Mental Disorders. Fifth edition (DSM-5),
the diagnostic criteria for addiction were altered, as the
distinction between abuse and dependence was done
away with.1 Now, the disorder is viewed along a
continuum, with a minimum of 2 symptoms being
required to meet diagnosis. However, these evaluations,
like the vast majority of psychiatric classifications, can
be largely subjective in nature and are lacking in
empirical diagnostic tools. This is particularly the case
for the dependence on stimulant drugs, which is absent
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of any physical withdrawal symptoms and thus can be
harder to identify than opiate or alcohol addiction.
Additionally, little attention has been paid to individuals
who use stimulant drugs such as cocaine recreationally
and without a pattern of abuse—an estimated 14.2
million people worldwide.2 Methods for identifying
these individuals and distinguishing them from those
who are dependent, both for clinical purposes and
empirical research, are wildly inconsistent, with some
researchers relying on subjective self-reports while
others make their classifications based solely on the
quantity of drugs used. Furthermore, there are few
evaluations that provide any insight into the possible
trajectory of individuals who use drugs, ie, whether
recreational use will develop into dependence, and
whether those who are seeking help for their addiction
will be successful in their efforts at abstinence.
Currently, quantity rather than the quality of
substance use is employed as the standard means for
identifying harmful or abusive drug behavior.3 However,
a single approach for assessing dependence can be
imprecise and even misleading, as important qualitative
information such as drug craving, attitudes toward the
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substance, and significant life harm caused by the
drug are lost when only the quantity of use is measured.
Alternatively, self-report questionnaires such as the
Obsessive-Compulsive Drug Use Scale (OCDUS)4
have been developed in an attempt to more objectively
identify those who display symptoms of compulsive
use or dependence. In addition to these methods, we
propose using a relevant cognitive-behavioral assessment that focuses on known impairments associated
with addiction and that can help to distinguish between
casual or more severe drug-use behaviors. Tests of
substance users’ reactions to drug-related stimuli can be
particularly helpful in this regard, as they measure levels
of craving or attentional bias to drug cues.5 These tests
have been used in the past to successfully distinguish
recreational from dependent stimulant users,6 as well as
to predict treatment outcomes and relapse rates for
those who seek help for their addiction.7,8
The current article will review the recent literature
and investigate the possibility of assessing drug-use
severity with tests of attentional bias, particularly the
drug-word Stroop task—a valid, objective, empirical
measure that can be employed behaviorally and during
functional neuroimaging to assess emotional salience
to drug cues and its effect on cognitive functioning.
Assessing unintentional attentional bias to drug-related
stimuli can thus be used as a means for measuring
distraction and preoccupation with these cues, and serve
as a proxy for drug-use severity.

Cognitive Deficits and Attentional Bias in Stimulant
Dependence
Several decades of work have reported on a wide range of
cognitive deficits observed in stimulant-dependent individuals.9–11 These include crucial difficulties with
response inhibition and self-control,12,13 as well as
detriments in working memory,14,15 decision-making,16,17
sustained attention,18,19 task-switching,20 and affective
responding and emotion regulation.21 These impairments
often correlate with years of substance use and are not
seen in the first-degree relatives of drug-dependent
individuals,22 which implicates prolonged exposure to
stimulant drugs in more severe dysfunction. Additionally,
stimulant-dependent individuals typically exhibit a significant decrease in prefrontal cortex activation on executive
function tasks, which is often accompanied by behavioral
impairments in self-control, inhibition, and working
memory.9,14,23,24
In addition to the cognitive dysfunction present in
dependent stimulant users, there is profound evidence
of a disruption in affective system processing, which is
thought to stem from abnormalities in the fronto-striatal
reward circuitry. This is particularly evident in the face
of salient drug stimuli, where the associated drug cues

are thought to ‘‘hijack’’ the reward system, emphasizing
drug rewards over other priorities. This can lead to
significant drug craving, which can in turn cause
unplanned or undesired use.
Attentional bias to drug-related cues can elicit these
feelings of craving and, coupled with the poor decisionmaking and inhibitory control that are characteristic
of stimulant-dependent individuals, can precipitate
relapse.25–28 These experiences are thought to be
subserved by dysfunction in the prefrontal cortex,29,30
where dependent stimulant users have been shown to
have decreased gray matter volume compared with
healthy control individuals.31,32 Exposure to drugrelated cues or even a weakening in self-control may
result in heightened attentional bias, with the drug cue
being flagged in the brain as having special salience.33
This can then trigger rumination over the stimulus in
drug users, potentially resulting in relapse.33 Corroborating this theory, recent research has shown that
attentional bias is most elevated after encounters with
drug-related cues.34,35

Drug-Word Stroop Task
While there are several measures that can be employed to
assess attentional bias or salience attributed to drugrelated words (eye-tracking, visual-probe), in the current
review we have chosen to focus on the drug-word Stroop
task due to its easy administration, extensive prior use in
a wide variety of drug-using populations, and respectable
internal reliability scores compared with other tests of
attentional bias.36 The drug-word Stroop is a derivative of
the classic cognitive control test, the color-word Stroop,
where participants must name the font color of a target
word that spells out either the same or a different color
word as the font (Figure 1).37,38 Responses to incongruent
color-word combinations present a greater cognitive
demand than congruent pairings because of interference
from the prepotent tendency to read a word rather than
determine its color. The interference score indexes how
well a person exerts cognitive control over this automatic
behavior (word reading) in favor of a more unusual
behavior (color naming).
The adapted version of the task measures affective
interference, causing attentional bias in the face of
salient compared to neutral cues. In the drug-word
version, substance-relevant cue words are presented in
different colors; again the participant must ignore
the content of the word, and respond only to its font
color. In human drug users, heightened drug-related
salience can result in undesired distraction and cognitive interference caused by the word content, rendering
them slower to respond. Reaction times to the cocaine
cue words are compared with times to neutral cue words
matched for length and familiarity. The interference
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FIGURE 1. Drug-word Stroop task. Participants are instructed to ignore the content of the word and instead focus on responding only to the color of the
font. Greater distraction caused by the cocaine-related stimuli results in higher response times compared with the neutral words, indicating greater
interference and impairment in the face of drug cues. Difficulty on the task has been associated with increased drug craving, higher quantity of use, and
may be indicative of dependence on the drug.

score is the resulting difference between these 2 task
conditions. This measure thus enables individuals to
serve as their own controls, as their reactions to the
drug words are compared against their own response
latencies to the neutral cues. A significant increase in
reaction time to the salient stimuli compared with the
neutral one is then indicative of impairment on the task.
This paradigm has been used in a variety of substancedependent populations, consistently showing significant
distraction to drug-related cues in individuals with high
use of cocaine,39,40 heroin,41,42 alcohol,5,43 cannabis,44
and nicotine.45–47 In the brain, this attentional bias relates
to abnormal responding in the medial orbitofrontal cortex
(OFC) and anterior cingulate cortex (ACC)—areas that
are implicated in craving, reward, and attention.48–51
Elevated activation in limbic regions, including the
striatum, amygdala, ACC, and OFC, is also associated
with increased craving in response to drug-related
cues,46,51–53 and high scores on the drug-word Stroop
commonly correlate with feelings of craving.5,49,54
Additionally, areas involved in inhibitory control—such
as the dorsal ACC, superior parietal lobe, dorsolateral
prefrontal cortex, and superior temporal gyrus—were
activated during performance of another attentional bias
task in heavy smokers, potentially reflecting the greater
effort required to inhibit responses to these salient

smoking-related stimuli in these individuals.55,56 These
findings have been reliably replicated in a number
of studies, and these neural correlates may be used as
an objective tool for determining the degree of drug
use severity.
It is important to note that a block design should be
used during neuroimaging assessments of the drug-word
Stroop task to ensure that salience-related activity
prompted by the drug cues does not ‘‘spill over’’ into
the neutral trials, contaminating them with heightened
arousal due to a too short recovery period during eventrelated designs. It has also been shown that using a
block design significantly increases the internal reliability of the task.36
Franken49 posits that this biased attention network
in drug users stems from dysfunctional involuntary
reactions to drug-related cues. Due to the limited nature
of the brain’s attentional capacity, attention is typically
allocated to only a subset of external stimuli to avoid
overstimulation. However, when a stimulus is particularly
potent, it can ‘‘hijack’’ this system and assume a greater
proportion of the attentional resources. Modeled in the
drug-word Stroop task, this results in higher response
latencies for salient words, as too much attention is paid to
the content of the word rather than the color of the font,
distracting the individual from the task at hand.27,40
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Despite its widely established use, the drug-word
Stroop task is not infallible, and recent reviews have
raised concerns about internal reliability and consistency with the test.36 Ataya et al36 reviewed 6 different
studies that employed an alcohol or nicotine Stroop
task, and used Cronbach alpha scores to assess internal
reliability rates on the test. Reliability coefficients
ranged from 0.53–0.98 in the different studies (a score
of 0.70 is considered acceptable). However, as stated
above, employing a block design can help to improve
reliability scores, as can using picture rather than word
stimuli and increasing the number of trials in the task.
Notably, the drug-word Stroop task was significantly
more reliable than using a visual probe assessment to
measure attentional bias. To help address concerns over
consistency, Field and Christiansen57 have suggested
modifying the task for each individual based on their
personal drug preference (ie, type of alcohol, cocaine
administration route) to ensure maximum salience, and
thus improved reliability.

Recreational Versus Dependent Stimulant Use
As noted in the Introduction, it is important to
remember that although these cognitive impairments
can be serious, they do not afflict all drug users. In fact,
the vast majority of individuals who try stimulant drugs
do not become addicted to them.2 Moreover, there
seems to be a select subset of the population who is able
to use cocaine recreationally in a controlled manner
without developing dependence.58 These individuals
report consistent, occasional, social use of cocaine
without experiencing a loss of control or exhibiting
symptoms of dependence or abuse.58 They also do not
self-report feeling cravings for cocaine, and their use is
planned rather than impulsive. These individuals who
have used cocaine in a stable manner for an extended
period of time without developing a dependency could
be an intermediary group that can be used to assess
potential cocaine-induced abnormalities and distinguish
them from traits that are involved in underlying risk for
addiction or current compulsive use and dependence.
Recreational users would be expected to show similar,
though not as severe, changes in structure and function
attributed to prolonged stimulant use, but not the
abnormalities associated with increased premorbid risk
for dependence. Furthermore, there may be additional
differences in the brains of recreational stimulant users
that serve as protective factors against addiction.61
However, it should be noted that inherent differences in
cocaine exposure between the dependent and recreational
users may create potential confounds when comparing
cognitive function and attentional bias to drug cues—
though greater use does not always correspond to greater
impairment.59

There are currently no established means for identifying recreational use and distinguishing it from abuse
or dependence, and previous investigations into this
population have reported somewhat conflicting results.
Some studies have shown similar cognitive impairments
in recreational users as in dependent individuals,3,60
while others have reported varying difference between
recreational users and healthy control volunteers.61–63
One possible reason for these discrepancies may be the
criteria used to define ‘‘recreational use.’’ Some investigations have relied solely on quantity of use to make
these determinations,3,60,61 while our own lab has
focused more on the pattern and quality of use when
making these distinctions. We now believe that attentional bias to drug-related stimuli may also be a more
objective means for making this identification.
In an investigation of dependent and recreational
stimulant users, we showed that recreational users of
cocaine performed no differently from controls on a test
of the cocaine-word Stroop task.6 Conversely, dependent
stimulant users were significantly more impaired, with
longer response latencies, higher interference scores, and
more errors committed on the task. Additionally, there
were significantly different patterns of brain activation
between the 2 stimulant-using groups, with dependent
users showing a heightened functional magnetic resonance imaging (fMRI) blood oxygen level dependent
(BOLD) response to the cocaine cues compared with the
recreational users, particularly in the OFC and ACC,
which are regions known to be involved in attentional
bias and feelings of craving (Figure 2). The recreational
users also showed an overall decrease in activation in
the inferior frontal gyrus (IFG), an area crucial for
inhibitory control and one in which dependent individuals often show impairments. Interestingly, there were
no differences in activity between the dependent users
and control participants in the OFC or ACC, and
in some instances the dependent individuals actually
showed greater activation in the IFG during attempts to
inhibit their responses to the cocaine-related words.
These measures of attentional bias and emotional
salience are often used as a proxy for drug-related
craving. However, unfortunately, no direct tests of
cocaine craving were administered in the current study,
nor is there evidence of a craving comparison in prior
research with these populations. An empirical examination of this measure would be an important addition for
future research as an extension and corroboration of
these findings.
The lack of attentional bias to the cocaine cues in the
recreational users, demonstrated through an absence
of interference scores and no significant slowing on
those trials, indicates that these stimuli did not carry
any increased salience in these individuals. This is in
stark contrast with the dependent individuals, who were
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FIGURE 2. Group contrast between recreational and dependent stimulant users and healthy control volunteers, comparing activation during cocaine versus
neutral trials on the cocaine-word Stroop task. Significant differences emerged in 2 clusters: the right orbitofrontal cortex (OFC) and anterior cingulate
cortex (ACC), and the right angular gyrus and posterior cingulate cortex. Recreational cocaine users significantly under-activated these 2 regions in
comparison with the other 2 groups, while dependent stimulant users showed a relative increase in activation, though this was not significant when
compared to control participants. Coordinates listed are in Montreal Neurological Institute (MNI) standard space. Cluster significance set at p , 0.05
family-wise error correction for multiple comparisons. Group comparisons made using ANCOVA models, controlling for age, gender, years of education,
smoking status, BDI-II depression scores, and AUDIT alcohol scores, with Bonferroni post-hoc correction p , 0.05. Reprinted from Biological Psychiatry.

significantly impaired in the face of the cocaine cues.
Thus, there appears to be an inherent difference
between the 2 groups in their automatic processing of
cocaine-related stimuli, which reflects an important
distinction in their attitudes toward the drug. This is
further supported by the underlying difference in neural
activation between the two groups, with recreational
users showing a relative decrease in IFG/OFC activation
in response to the cocaine words. This suggests that
the stimuli do not hold the same salience for these

individuals as they do for the dependent users. Drugrelated attentional bias has been linked to increased
motivation to obtain the substance, as well as heightened
emotional salience for these cues.27,64 The increased
activation of the OFC in the dependent individuals could
be due to heightened arousal caused by the cocaine cues,
resulting in elevated activation in this reward-processing
region.65 Similarly, the dependent individuals’ increased
IFG activity may be reflective of greater effort required to
resist the content of the distracting cocaine words. In the
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recreational users, this area was not equivalently
recruited, as the need to inhibit attentional bias to the
salient words was not present.
These results are in line with research into attentional
bias among users of differing severity in other substanceusing groups, including alcohol and cannabis. For
example, dependent cannabis users, as determined by
frequency of use and self-report questionnaire, demonstrated increased attentional bias on a cannabis-word
Stroop task than occasional smokers.44 Interference
scores were positively correlated with both number of
joints smoked per month and level of cannabis craving.44
Additionally, in a comparison of light and heavy social
drinkers, less alcohol consumption was related to
diminished attentional bias to alcohol cues, as well as
decreased craving for the substance.66,67 Thus, we
believe that both the differing quantity and quality of
drug consumption may be captured with the drug-word
Stroop task, as reflected in the different reactions to
drug cue words between recreational and regular users
of the substance. To the best of our knowledge, the
studies mentioned here constitute an exhaustive list
of prior research into drug-related attentional bias
in nondependent individuals, and there are no studies
showing equal levels of attentional bias between recreational or occasional substance users and addicted
individuals.

Treatment Success Prediction
Attentional bias tasks have also been used to help better
determine the potential trajectory of drug treatment
and to better predict rehabilitation outcomes in drug
users.59 By and large, the better a patient’s initial
cognitive abilities and resistance to drug-related distraction, the higher their potential success rates for
abstinence. This is true across a range of substances,
including nicotine,68 alcohol, cocaine,7,8,69,70 and heroin.71 This is not surprising, given the association stated
above between an individual’s attentional bias or
interference on the task and their craving for drugs,
which is associated with a greater risk for relapse.
In the brain, these impairments manifest as abnormal
activation in the insula, ACC, and prefrontal cortex, and
are thought to correspond with the increased cognitive
demand required to override the initial emotional
reaction to the words.48,50,70,72 Those with greater
activation in these relevant regions—signifying the
greater effort required to resist distraction to the words
or increased salience to the cues—consistently showed
higher rates of relapse. Thus, higher levels of craving,
greater interference on the drug-word Stroop task, or
increased neural activity in response to drug cues can
help to better predict relapse rates and treatment
success among those entering rehabilitation programs.

Conclusion
The ability of the drug-word Stroop task to identify
aberrant salience for drug-related words, signifying
distraction, cognitive interference, and potentially craving, makes it a key behavioral measure that could be used
as a diagnostic for drug dependence, particularly in the
difficult distinctions between dependent and recreational
stimulant users. Evidence suggests that the task is not
only helpful at the end-stage of addiction when the
individual is seeking help, in order to identify those who
may be more successful in their attempts at abstinence,
but also in earlier junctures, which is a much more
difficult period to define. This test could help to predict
who at the beginning phases of drug use is at a greater
risk for developing dependence based on their reaction to
the drug-word cues, with greater interference potentially
indicating a heightened susceptibility for addiction.
The drug-word Stroop could also potentially be used
not only in specific addiction research or clinical
environments, but in schools, general practice doctors’
offices, and on control volunteers in any research
setting to help identify those who may have problems
with drugs or alcohol. The task could be implemented to
determine whether a person is deliberately downplaying
his or her alcohol or drug use or potentially supplying
misleading answers on self-report questionnaires to
avoid identification as a problem user. However, given
the research presented here, it is likely that they would
still show signs of enhanced attentional bias to drugrelated cues; thus the task could be used as a
confirmation for subjective self-report measures. Additionally, the task’s success at predicting relapse rates
among treatment-seeking drug users indicates that it
could also be used as a means to help reliably predict
rehabilitation outcomes, and thus could be a valuable
measure to help determine the allocation of resources to
those who may be most assisted by them.
However, further research is still needed to validate
the drug-word Stroop task as a means for distinguishing
recreational from dependent drug use. While our
research mentioned here provides evidence of both
behavioral and functional differences between the
two groups,6 more studies are needed to confirm the
task’s potential as a diagnostic. Additionally, logistical
concerns must be addressed, such as cut-off scores
for differentiating dependent from recreational users.
Furthermore, tests to confirm the Stroop’s correspondence to drug craving scores in recreational users need
to be conducted. Also, given the concerns over
consistency in the Stroop, tests of internal reliability
should be carried out in recreational users as well.
While the Stroop task is certainly not an infallible
measure, evidence suggests that it is better than some
other assessors of attentional bias, such as the visual
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probe task.36 An alternative to using reaction time
measures to assess attentional bias, which may be at the
root of the problem with internal reliability, is employing
an eye-tracking assessment.57 However, while this type of
task has been shown to be more reliable, it is more difficult
to administer and analyze, as it requires specialized
equipment and software, and thus may not be as practical
in nonresearch settings. We believe an advantage of the
Stroop task is its relative ease and practicality, only
requiring a standard laptop to administer.
Finally, there is a wide belief that it is not possible to
use more typically addictive substances, such as cocaine,
recreationally without developing dependence. However, our research and the results from this objective
measure suggest otherwise, showing that it is possible to
have a recreational relationship to substances such as
cocaine similar to more socially acceptable drugs, such
as alcohol or tobacco. Instead of the potential for
addiction residing solely in the addictive properties of
the drug itself, we believe that there is an underlying
heightened vulnerability in certain individuals and
environments that make them more susceptible to the
formation of dependence on drugs.
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Executive dysfunction in substance dependent individuals
during drug use and abstinence: an examination of the
behavioral, cognitive and emotional correlates of addiction.
J Int Neuropsychol Soc. 2006; 12(3): 405–415.
Goldstein RZ, Volkow ND. Dysfunction of the prefrontal cortex in
addiction: neuroimaging findings and clinical implications. Nat Rev
Neurosci. 2011; 12(11): 652–669.
Rogers RD, Robbins TW. Investigating the neurocognitive deficits
associated with chronic drug misuse. Curr Opin Neurobiol. 2001;
11(2): 250–257.
Monterosso JR, Aron AR, Cordova X, Xu J, London ED.
Deficits in response inhibition associated with chronic
methamphetamine abuse. Drug Alcohol Depend. 2005; 79(2):
273–277.
Hester R, Garavan H. Executive dysfunction in cocaine addiction:
evidence for discordant frontal, cingulate, and cerebellar activity.
J Neurosci. 2004; 24(49): 11017–11022.
Tomasi D, Goldstein RZ, Telang F, et al. Widespread disruption in
brain activation patterns to a working memory task during cocaine
abstinence. Brain Res. 2007; 1171: 83–92.
Ersche KD, Clark L, London M, Robbins TW, Sahakian BJ. Profile
of executive and memory function associated with amphetamine
and opiate dependence. Neuropsychopharmacology. 2006; 31(5):
1036–1047.
Bechara A, Dolan S, Denburg N, et al. Decision-making deficits,
linked to a dysfunctional ventromedial prefrontal cortex, revealed
in alcohol and stimulant abusers. Neuropsychologia. 2001; 39(4):
376–389.
Ersche KD, Fletcher PC, Lewis SJG, et al. Abnormal frontal
activations related to decision-making in current and former
amphetamine and opiate dependent individuals.
Psychopharmacology (Berl). 2005; 180(4): 612–623.
Gooding DC, Burroughs S, Boutros NN. Attentional deficits
in cocaine-dependent patients: converging behavioral and
electrophysiological evidence. Psychiatry Res. 2008; 160(2):
145–154.
London ED, Berman SM, Voytek B, et al. Cerebral metabolic
dysfunction and impaired vigilance in recently abstinent
methamphetamine abusers. Biol Psychiatry. 2005; 58(10): 770–778.
Ersche KD, Roiser JP, Robbins TW, Sahakian BJ. Chronic cocaine
but not chronic amphetamine use is associated with perseverative
responding in humans. Psychopharmacology (Berl). 2008; 197(3):
421–431.
Fox HC, Axelrod SR, Paliwal P, Sleeper J, Sinha R. Difficulties in
emotion regulation and impulse control during cocaine abstinence.
Drug Alcohol Depend. 2007; 89(2–3): 298–301.
Ersche KD, Turton AJ, Chamberlain SR, et al. Cognitive dysfunction
and anxious-impulsive personality traits are endophenotypes
for drug dependence. Am J Psychiatry. 2012; 169(9): 926–936.
Barrós-Loscertales A, Bustamante JCC, Ventura-Campos N, et al.
Lower activation in the right frontoparietal network during a
counting Stroop task in a cocaine-dependent group. Psychiatry
Res. 2011; 194(2): 111–118.
Bolla KI, Ernst M, Kiehl K, et al. Prefrontal cortical dysfunction in
abstinent cocaine abusers. J Neuropsychiatry Clin Neurosci. 2004;
16(4): 456–464.
Bechara A. Decision making, impulse control and loss of willpower
to resist drugs: a neurocognitive perspective. Nat Neurosci. 2005;
8(11): 1458–1463.
Copersino ML, Serper MR, Vadhan N, et al. Cocaine craving
and attentional bias in cocaine-dependent schizophrenic patients.
Psychiatry Res. 2004; 128(3): 209–218.

8 D. G. SMITH AND K. D. ERSCHE

27. Field M, Cox WM. Attentional bias in addictive behaviors: a review
of its development, causes, and consequences. Drug Alcohol
Depend. 2008; 97(1–2): 1–20.
28. Garavan H, Pankiewicz J, Bloom A, et al. Cue-induced cocaine
craving: neuroanatomical specificity for drug users and drug
stimuli. Am J Psychiatry. 2000; 157(11): 1789–1798.
29. London ED, Ernst M, Grant S, Bonson K, Weinstein A.
Orbitofrontal cortex and human drug abuse: functional imaging.
Cereb Cortex. 2000; 10(3): 334–342.
30. Schoenbaum G, Shaham Y. The role of orbitofrontal cortex in drug
addiction: a review of preclinical studies. Biol Psychiatry. 2008;
63(3): 256–262.
31. Franklin TR, Acton PD, Maldjian JA, et al. Decreased gray
matter concentration in the insular, orbitofrontal, cingulate,
and temporal cortices of cocaine patients. Biol Psychiatry. 2002;
51(2): 134–142.
32. Sim ME, Lyoo IK, Streeter CC, et al. Cerebellar gray matter volume
correlates with duration of cocaine use in cocaine-dependent
subjects. Neuropsychopharmacology. 2007; 32(10): 2229–2237.
33. Field M, Marhe R, Franken IHA. The clinical relevance of
attentional bias in substance use disorders. CNS Spectr. 2013:
1–6.
34. Waters AJ, Marhe R, Franken IHA. Attentional bias to drug cues is
elevated before and during temptations to use heroin and cocaine.
Psychopharmacology. 2012; 219(3): 909–921.
35. Marhe R, Waters AJ, van de Wetering BJM, Franken IHA. Implicit
and explicit drug-related cognitions during detoxification
treatment are associated with drug relapse: An ecological
momentary assessment study. J. Consult. Clin. Psychol. 2013;
81(1): 1–12.
36. Ataya AF, Adams S, Mullings E, et al. Internal reliability of
measures of substance-related cognitive bias. Drug Alcohol Depend.
2012; 121(1): 148–151.
37. Stroop JR. Studies of interference in serial verbal reactions.
J Exp Psychol. 1935; 18(6): 643–662.
38. MacDonald AW, Cohen JD, Stenger VA, Carter CS. Dissociating the
role of the dorsolateral prefrontal and anterior cingulate cortex in
cognitive control. Science. 2000; 288(5472): 1835–1838.
39. Franken IHA, Kroon LY, Hendriks VM. Influence of individual
differences in craving and obsessive cocaine thoughts on
attentional processes in cocaine abuse patients. Addict Behav.
2000; 25(1): 99–102.
40. Hester R, Dixon V, Garavan H. A consistent attentional bias for
drug-related material in active cocaine users across word and
picture versions of the emotional Stroop task. Drug Alcohol
Depend. 2006; 81(3): 251–257.
41. Franken IHA, Kroon LY, Wiers RW, Jansen A. Selective cognitive
processing of drug cues in heroin dependence. J Psychopharmacol.
2000; 14(4): 395–400.
42. Lubman DI, Peters LA, Mogg K, Bradley BP, Deakin JFW.
Attentional bias for drug cues in opiate dependence. Psychol Med.
2000; 30(1): 169–175.
43. Sharma D, Albery IP, Cook C. Selective attentional bias to alcohol
related stimuli in problem drinkers and non-problem drinkers.
Addiction. 2001; 96(2): 285–295.
44. Field M. Cannabis ‘‘dependence’’ and attentional bias for cannabisrelated words. Behav Pharmacol. 2005; 16(5–6): 473–476.
45. Gross TM, Jarvik ME, Rosenblatt MR. Nicotine abstinence
produces content-specific Stroop interference.
Psychopharmacology (Berl). 1993; 110(3): 333–336.
46. Nestor L, McCabe E, Jones J, Clancy L, Garavan H. Differences in
‘‘bottom-up’’ and ‘‘top-down’’ neural activity in current and former
cigarette smokers: evidence for neural substrates which may
promote nicotine abstinence through increased cognitive control.
Neuroimage. 2011; 56(4): 2258–2275.

47. Hitsman B, MacKillop J, Lingford-Hughes A, et al. Effects
of acute tyrosine/phenylalanine depletion on the selective
processing of smoking-related cues and the relative value of
cigarettes in smokers. Psychopharmacology (Berl). 2008;
196(4): 611–621.
48. Ersche KD, Bullmore ET, Craig KJ, et al. Influence of compulsivity
of drug abuse on dopaminergic modulation of attentional
bias in stimulant dependence. Arch Gen Psychiatry. 2010;
67(6): 632–644.
49. Franken I. Drug craving and addiction: integrating psychological
and neuropsychopharmacological approaches. Prog
Neuropsychopharmacol Biol Psychiatry. 2003; 27(4): 563–579.
50. Goldstein RZ, Tomasi D, Rajaram S, et al. Role of the anterior
cingulate and medial orbitofrontal cortex in processing drug cues
in cocaine addiction. Neuroscience. 2007; 144(4): 1153–1159.
51. Grant S, London ED, Newlin DB, et al. Activation of memory
circuits during cue-elicited cocaine craving. Proc Natl Acad Sci U S
A. 1996; 93(21): 12040–12045.
52. Volkow ND, Wang GJ, Telang F, et al. Cocaine cues and dopamine
in dorsal striatum: mechanism of craving in cocaine addiction.
J Neurosci. 2006; 26(24): 6583–6588.
53. Childress AR, Mozley PD, McElgin W, et al. Limbic activation
during cue-induced cocaine craving. Am J Psychiatry. 1999;
156(1): 11–18.
54. Field M, Munafo MR, Franken IHA. A meta-analytic investigation
of the relationship between attentional bias and subjective craving
in substance abuse. Psychol Bull. 2009; 135(4): 589–607.
55. Luijten M, Veltman DJ, van den Brink W, et al. Neurobiological
substrate of smoking-related attentional bias. Neuroimage. 2011;
54(3): 2374–2381.
56. Luijten M, Veltman DJ, Hester R, et al. Brain activation associated
with attentional bias in smokers is modulated by a dopamine
antagonist. Neuropsychopharmacology. 2012; 37(13): 2772–2779.
57. Field M, Christiansen P. Commentary on, ‘‘Internal reliability of
measures of substance-related cognitive bias’’. Drug Alcohol
Depend. 2012; 124(3): 189–190.
58. Ersche KD, Jones PS, Williams GB, et al. Distinctive personality
traits and neural correlates associated with stimulant drug use
versus familial risk of stimulant dependence. Biol Psychiatry. 2013;
74(2): 137–144.
59. Vadhan NP, Carpenter KM, Copersino ML, et al. Attentional bias
towards cocaine-related stimuli: relationship to treatment-seeking
for cocaine dependence. Am J Drug Alcohol Abuse. 2007; 33(5):
727–736.
60. Soar K, Mason C, Potton A, Dawkins L. Neuropsychological effects
associated with recreational cocaine use. Psychopharmacology
(Berl). 2012; 222(4): 633–643.
61. Colzato LS, Huizinga M, Hommel B. Recreational cocaine
polydrug use impairs cognitive flexibility but not working memory.
Psychopharmacology (Berl). 2009; 207(2): 225–234.
62. Kemmis L, Hall JK, Kingston R, Morgan MJ. Impaired fear
recognition in regular recreational cocaine users.
Psychopharmacology (Berl). 2007; 194(2): 151–159.
63. Morgan MJ, Marshall JP. Deficient fear recognition in regular
cocaine users is not attributable to elevated impulsivity or conduct
disorder prior to cocaine use. J Psychopharmacol. 2013; 27(6):
526–532.
64. Goldstein RZ, Volkow ND. Drug addiction and its underlying
neurobiological basis: neuroimaging evidence for the involvement
of the frontal cortex. Am J Psychiatry. 2002; 159(10): 1642–1652.
65. Levy DJ, Glimcher PW. The root of all value: a neural common
currency for choice. Curr Opin Neurobiol. 2012; 22(6): 1027–1038.
66. Field M, Christiansen P, Cole J, Goudie A. Delay discounting and
the alcohol Stroop in heavy drinking adolescents. Addiction. 2007;
102(4): 579–586.

STROOP TASK TO DIFFERENTIATE DRUG USE TYPES

67. Townshend J, Duka T. Attentional bias associated with alcohol cues:
differences between heavy and occasional social drinkers.
Psychopharmacology (Berl). 2001; 157(1): 67–74.
68. Janes AC, Pizzagalli DA, Richardt S, et al. Brain reactivity to
smoking cues prior to smoking cessation predicts ability to
maintain tobacco abstinence. Biol Psychiatry. 2010; 67(8):
722–729.
69. Carpenter KM, Schreiber E, Church S, McDowell D. Drug Stroop
performance: relationships with primary substance of use and
treatment outcome in a drug-dependent outpatient sample. Addict
Behav. 2006; 31(1): 174–181.

9

70. Marhe R, Luijten M, van de Wetering BJM, Smits M, Franken IHA.
Individual differences in anterior cingulate activation associated
with attentional bias predict cocaine use after treatment.
Neuropsychopharmacology. 2013; 38(6): 1085–1093.
71. Marissen MAE, Franken IHA, Waters AJ, et al. Attentional bias
predicts heroin relapse following treatment. Addiction. 2006;
101(9): 1306–1312.
72. Goldstein RZ, Alia-Klein N, Tomasi D, et al. Anterior cingulate
cortex hypoactivations to an emotionally salient task in
cocaine addiction. Proc Natl Acad Sci U S A. 2009; 106(23):
9453–9458.

