
The Role of Cognitive Control in Cocaine Dependence

Hugh Garavan & Robert Hester

Received: 16 June 2007 /Accepted: 26 June 2007
# Springer Science + Business Media, LLC 2007

Abstract While hedonic and reward-related processes are
central to drug use and dependence, this article focuses on
the contribution that cognitive processes may make to
addiction. In particular, attention is drawn to those
processes involved in exercising control over behavior as
drug dependence is characterized by risky, impulsive
behavior. Functional neuroimaging implicates prefrontal
deficits in cocaine dependence with an emerging picture of
cocaine users having attentional biases towards drug-related
stimuli, poor performance in laboratory tests of inhibitory
control, and compromised monitoring and evaluation of
their behavior. Combined, these deficits may contribute to
the continuation of use in dependent individuals and may
qualify as important targets for therapeutic interventions.
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The DSM-IV criteria for drug dependence, while stressing
physiological reactions to continued drug use such as
withdrawal and tolerance, place considerable emphasis on

the behavioral aspects of dependence (DSM-IV-TR; Amer-
ican Psychiatric Association 2000). In particular, an
inability to reduce use despite knowledge of its detrimental
effects points to dysfunctional behavioral control as a key
contributor to dependence. Advances in cognitive neuro-
science research is showing that the willpower so often
called upon to control use, like all cognitive processes, has
a neurobiological basis and can be investigated using
modern neuroscientific methods. An emerging picture from
this research suggests a particularly unfortunate scenario for
users of drugs such as cocaine: As well as affecting the
brain’s reward and reinforcement circuitry generating
pathological desires for the drug, cocaine users would also
appear to display neurobiological impairments in those
same brain systems that are required to exercise control
(willpower) over those desires.

Cognitive Aspects of Drug Use

Drug dependence is commonly characterized as an affective
or emotional phenomenon given the central roles of
psychological functions such as reward, reinforcement,
craving, and stress. An open question, and one that might
speak to individual differences in dependence risk, is the
contributing role of cognitive processes such as inhibitory
and attentional control, behavior monitoring and memory.
Although hedonic processes of liking and craving may be
the core of the motivation to consume drugs, certain
cognitive processes such as memory likely contribute to
these drives whereas others, such as impulse control,
contribute to the individual’s efforts to resist these drives.
In this regard, cognitive functions may be of significant
importance in understanding the transition from recreational

Neuropsychol Rev
DOI 10.1007/s11065-007-9034-x

H. Garavan
School of Psychology and Trinity College Institute of Neuroscience,
Trinity College Dublin,
Dublin 2, Ireland

H. Garavan (*)
Trinity College Institute of Neuroscience,
3.48 Lloyd Building, Trinity College,
Dublin 2, Ireland
e-mail: Hugh.Garavan@tcd.ie

R. Hester
Queensland Brain Institute and School of Psychology,
University of Queensland,
St Lucia, Queensland 4072, Australia



to dependent use, and the relapse so typical of those
attempting abstinence.

Research into the cognitive dimension of dependence
can be placed into two groupings. The first is studies on the
impact that drugs of abuse may have on cognitive abilities.
For example, information on the effects that cannabis use
may have on memory (Pope et al. 2001; Solowij et al.
2002), nicotine on attention (Lawrence et al. 2002; Rezvani
and Levin 2001), or ecstasy on recognition of facial
expressions (Hoshi et al. 2004) help characterize the effects
of these drugs. This knowledge may provide insights into
the mechanisms of action of a drug and guidance on
functions to target for therapeutic interventions. The second
grouping of studies focuses on cognitive processes that may
contribute directly to the dependence itself, so that their
very dysfunction may exacerbate the dependence. Exam-
ples would include the mechanisms of drug-related Pav-
lovian and instrumental reinforcement (Everitt and Robbins
2005); the mechanisms by which stimuli associated with
previous drug use are detected and processed, and may
initiate drug cravings (Hester et al. 2006; Grant et al. 1996);
the role of rewards and reward expectancy in guiding
decision-making (Bechara et al. 2002; Goldstein et al.
2007a; Grant et al. 2000; Stout et al. 2005; Wrase et al.
2007); the contribution of learning and memory processes
to the development of pathological addictive memories
(Hyman 2005); and the cognitive processes involved in
monitoring and inhibiting one’s behavior (Forman et al.
2004; Kaufman et al. 2003). An argument may be made
that the first group of studies also contributes to the
continuance of use (e.g., a self-medication hypothesis
might hold that the acute improvements that these drugs
may have on these cognitive processes contributes to their
reinforcing power). However, the second group of studies
may be more directly relevant to dependence and, by their
nature, may apply more generally to all drugs of abuse. It is
the possible contribution of cognitive control functions to
dependence that is the focus of this paper.

Cognitive control functions may be of particular relevance
at either end of the addiction life cycle. That is, in the same
way that pre-existing levels of D2 receptors in the ventral
striatum can mediate the pleasure response to a first
administration of methylphenidate (Volkow et al. 1999),
impairments in cognitive functions such as impulse control
may predispose some individuals either to a first impulsive
use of an illicit drug or to the transition from recreational to
dependent use. For example, behavioral and cognitive
measures of impulsivity in 10–12 year olds predict drug
use at age 19 (Tarter et al. 2003). Similarly, specific
personality risk factors correlate with specific patterns of
drug use and psychiatric co-morbidities, with cocaine use
associated with antisocial personality disorder and impulsiv-
ity (Conrod et al. 2000). An animal model of impulsivity,

which shows elevated levels of cocaine self-administration,
has also been shown to have reduced D2 receptor levels in
the ventral striatum prior to first use (Dalley et al. 2007). At
the other end of the dependence cycle, cognitive control may
contribute to risk of relapse for those attempting abstinence.
Stroop-like tasks (described below), which can assess an
attentional bias for drug-related stimuli, have been shown to
predict relapse and to do so better than other standard
dependence measures, such as self-reports of dependence or
drug use histories (Cox et al. 2002; Waters et al. 2003).
Paulus and colleagues have shown that prefrontal, cingulate
and temporal lobe activation during a two-choice prediction
task performed three to four weeks after ceasing metham-
phetamine use could predict relapsers approximately a year
later (Paulus et al. 2005). In this study, the first to show that
functional magnetic resonance imaging (fMRI) could predict
relapse, activation specific to uncertain decision making was
isolated by comparison with a sensorimotor control task in
which participants pushed a button to acknowledge a target’s
presence on screen. It would appear that the cognitive and
neurobiological processes involved in risky decision-making
may be of particular consequence for relapse.

Cocaine and Cognitive Control Dysfunction

Cognitive control processes, also commonly referred to as
executive functions, are typically non-routinized, attention-
ally demanding, volitional processes that are involved in
goal-directed behavior. On one level, all goal-directed
behavior, however trivial, might be said to require cognitive
control: one operational definition of executive functions
includes all processes that can be influenced by instructions
or incentives (Cowan 2001). Control processes that are
most typically investigated in the laboratory include
inhibitory control, attention switching, performance moni-
toring, and decision making. Many studies of cognitive
control using a range of methodologies identify this control
with the frontal lobes.

Cocaine is a short acting, CNS psychostimulant that
produces marked physiological and behavioral alterations
in both experimental animals and humans. Acutely, cocaine
increases heart rate, blood pressure, stereotypy and loco-
motion, increases arousal, decreases fatigue and produces a
profound euphoria (Johanson and Fischman 1989). Many
of these effects are thought to be directly related to the
drug’s ability to increase monoamines in the synaptic cleft
by inhibiting transmitter uptake (Ritz et al. 1990). The
mesocorticolimbic and nigrostriatal dopamine systems are
thought to be principally involved in cocaine’s reinforcing
and motor activating properties, respectively, with the
nucleus accumbens suggested to lie at the limbic-motor
interface involved in both the reinforcing and the locomotor
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effects of cocaine (Kelly and Iversen 1976, Mogenson et al.
1980). Cocaine use has been linked to cerebral atrophy
(Pascual-Leone et al. 1991) and hypoperfusion in the
frontal, periventricular, and/or temporal–parietal areas
(Holman et al. 1991, Strickland et al. 1993). More recent
automated techniques that assess tissue concentration or
tissues volumes based on high-resolution anatomical
magnetic resonance imaging (MRI) have revealed volumet-
ric deficits in multiple frontal areas in cocaine users
including anterior cingulate and orbitofrontal cortex as well
as insula and temporal cortex (Franklin et al. 2002;
Matochik et al. 2003). Tissue deficits relative to controls
in these areas are of particular interest given the cognitive
deficits in users, discussed below, that are thought to rely
on functions subserved by these regions.

There are data to suggest that the frontal lobes may be
particularly affected by cocaine. In animal models the
frontal lobes are the first areas to show metabolic changes
caused by acute cocaine (Porrino et al. 1998). In a seminal
fMRI study of cocaine users, lateral prefrontal and
cingulate regions were among those that activated in
response to an acute IV cocaine administration (Breiter
et al. 1997). The time-course of cocaine-induced activity
changes in the majority of the activated prefrontal regions
corresponded with behavioral measures of a “rush” re-
sponse, having early but transient signal changes following
injection. In addition, cocaine craving, which can be
induced in users by viewing videos of cocaine use or by
handling cocaine paraphernalia while undergoing functional
brain imaging, also typically involves the prefrontal cortex
(Garavan et al. 2000; Grant et al. 1996): It is likely that
similar prefrontal structures involved in the response to a
drug’s effects may subsequently be engaged in the re-
imagining or craving of those effects. Measures of resting
glucose utilisation (i.e., basal brain activity with no task
being performed) in abstinent cocaine users show initial
increases (e.g., one week after abstinence) followed by
prolonged decreases (three to four months after detoxifica-
tion) in prefrontal and orbitofrontal metabolism (Volkow
et al. 1991, 1992, 1993). The early increases in metabolic
activity correlate with craving and may reflect reduced
brain dopamine activity (Volkow et al. 1993).

Chronic cocaine users often perform poorly on experi-
mental and neuropsychological tasks that probe working
memory function (Berry et al. 1993; Kübler et al. 2005;
O’Malley and Gawin 1990). Of note, tasks that load heavily
on cognitive control demands (Ardila et al. 1991; Beatty
et al. 1995; Hoff et al. 1996; Kübler et al. 2005; Rosselli
and Ardila 1996) frequently reveal poorer performance in
cocaine users. Many of these compromised cognitive
functions require dorsolateral prefrontal and orbitofrontal
participation, dopamine rich regions hypothesized to be
vulnerable to drug-induced dysregulation (Dackis and

O’Brien 2001) and, as noted, regions with central roles in
executive functions. The role of the frontal lobes in
cognitive control and the evidence of the effects of cocaine
on them lead to the hypothesis that cocaine may disrupt
volitionally mediated control. If true, this would render the
behavior of cocaine users less under internal volitional
control (willpower) and perhaps driven instead by automat-
ic, habitual behavioral patterns or environmental contin-
gencies (e.g., drug-related cues). As articulated in a model
of addiction (I-RISA: impaired response inhibition and
salience attribution, Goldstein and Volkow 2002), reduced
prefrontal control renders the heightened salience attributed
to drugs and drug-related stimuli unfettered in determining
behavior. The I-RISA model proposes neuroanatomical
substrates for the key behavioral manifestations of addic-
tion including intoxification, craving, bingeing and with-
drawal. Reinforcement and salience attribution are associated
with intoxification, expectancy with craving and loss of
control with bingeing and relapse. To assess the evidence
relevant to the hypothesis of diminished prefrontal control, the
following sections will focus on the links between cocaine use
and attentional control, inhibitory control and behavioral
monitoring.

Attentional Control

Incentive salience theories of addiction hold that stimuli
associated with drug use acquire disproportionately high
approach value to the user (Robinson and Berridge 2003).
One result of the increased salience of such stimuli is that it
may result in an attentional bias wherein users are highly
attuned to detect and process these stimuli. This processing
may initiate cravings, leading eventually to use. These
attentional biases can be assessed using “emotional” Stroop
tasks in which irrelevant evocative information can interfere
with a primary task. Typical task versions present drug-
related words in color fonts requiring participants to report
the font and ignore the word name or might present drug-
related pictures surrounded by a color border requiring
participants to report the border color and ignore the drug-
related image (Hester et al. 2006). The essential feature of
these tasks is that the irrelevant information will prove
distracting, slowing responses and reducing accuracy, if that
information is evocative for the participant. Consequently,
drug users will show performance decrements on trials with
irrelevant drug stimuli that are of a similar magnitude to
trials in which the distracting information might be
inherently evocative such as erotic images or highly
valenced words. In contrast, control participants will only
show performance decrements for the inherently evocative
stimuli which demonstrates the importance of an individ-
ual’s personal drug history in generating the interference
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effects. Stroop-like attentional biases have been observed in
alcohol (Cox et al. 2002; Duka and Townshend 2004;
Lusher et al. 2004), nicotine (Waters et al. 2003; Wertz and
Sayette 2001), heroin (Franken et al. 2000), and cocaine
users (Hester et al. 2006). Although these tasks lack the
response conflict inherent in the standard Stroop task in
which the distracting information (the word name or picture
within the colored border) is one of the legitimate
responses, they nonetheless have considerable clinical
interest in that these attentional biases, as noted earlier,
have been shown to predict relapse (Waters et al. 2003).

The neural mechanisms underlying these attentional biases
in human cocaine users have not been the subject of much
investigation. Goldstein and colleagues report an imaging study
of cocaine users performing a verbal Stroop task (Goldstein et
al. 2007b). Consistent with typical Stroop tasks in healthy
controls (Bush et al. 2000), substantial bilateral activation was
observed in the anterior cingulate cortex (ACC), a region
frequently implicated in the cognitive dysfunctions of drug
users as discussed in more detail below. Activation in response
to cocaine-related words relative to neutral words differed in
rostral anterior cingulate and medial orbitofrontal cortex. In
addition, individual differences in performance correlated with
activity in these same areas, implicating them in processing
the heightened salience of drug stimuli.

Most attention switching studies have assessed switching
between externally presented stimuli (e.g., between sensory
modalities or between competing stimuli in one modality;
Guzy and Axelrod 1972) or between task sets (e.g., between
performing a mathematical operation and a language-based
semantic operation; Monsell 2003). However, attentional
control to one’s thoughts may be of particular relevance for
drug abuse. Perseverative thinking on a topic, be it
ruminations on one’s body weight, one’s repeated failures,
the feared object of a phobia, or the pleasure to be had from
a drug of abuse, are characteristic of many clinical
conditions. An inability to switch attention away from
thoughts of drug use may contribute to drug-seeking
behavior. One operationalisation of attentional control to
one’s thoughts is a task in which participants must switch
between items held in working memory (Garavan 1998).
These items may be counts in verbal working memory or

locations within a matrix imagined in visuospatial working
memory and in which subjects can be cued visually to attend
to one item or another (Kübler et al. 2003). Using a task in
which participants were required to switch between counts in
working memory, Kuebler and colleagues observed reduced
activity in cocaine users in the anterior cingulate cortex and
the putamen (Kübler et al. 2005). This finding may provide
initial support for a neurobiological basis for a difficulty in
disengaging attention from drug-related thoughts (a single-
mindedness) that might characterize the drug-seeking behav-
iors often observed in users.

Inhibitory Control

The ability to attend selectively to a subset of a complex
environment, activate appropriate meanings during verbal
and written language comprehension, and activate appropri-
ate memories at encoding and retrieval may all be critically
dependent upon the ability to suppress interfering stimuli,
interpretations and memories, respectively (Dagenbach and
Carr 1994). Neuroimaging studies have implicated prefron-
tal regions in these inhibitory functions (Garavan et al.
1999; Konishi et al. 1999; Menon et al. 2001) but activation
associated with response inhibition extends beyond pre-
frontal regions to include the supplementary motor area and
pre-supplementary motor area and the occipital and parietal
lobes (Liddle et al. 2001, Mostofsky et al. 2003). Studies
that have exploited the cognitive specificity afforded by
event-related fMRI, in which trial-specific activity can be
isolated, have observed a strongly right lateralized network
underlying inhibitory control that includes prefrontal,
midline (anterior cingulate and pre-supplementary motor
area), and parietal regions (Garavan et al. 2006; Rubia et al.
2003; see Fig. 1). In addition, lesion and transcranial
magnetic stimulation studies (the latter temporarily disrupt
neural functioning with magnetic pulses) point to the right
inferior frontal gyrus as a crucial node for motor response
inhibition (Aron et al. 2003; Chambers et al. 2006).

Cocaine users have been shown to have poor inhibitory
control. Fillmore and colleagues (Fillmore and Rush 2002)
have demonstrated this using one of the most widely used

Fig. 1 Regions activated for
successful inhibitions in a
go/no-go task. These results are
based on a large sample (n=71)
and show robust right hemi-
sphere involvement in inhibiting
a prepotent motor behavior
(Garavan et al. 2006)
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tests of motor inhibition, the stop task (Logan and Cowan
1984), in which a response, prompted by a stimulus, is
occasionally and unpredictably required to be withheld
following a second stimulus (i.e., the stop signal). More-
over, acute cocaine administrations produce a quadratic
dose-response effect on performance on this task in which
performance improved but only for lower doses of cocaine
(Fillmore et al. 2006). On a go/no-go task which is similar
insofar as it also requires frequent motor responses and
occasional, unpredictable response withholds, performance
improved linearly as a function of dose. The authors
explain these effects as evidence of impaired impulse
control in users being corrected for a range of intermediate
doses (and differences between the tasks explaining the
failure to see a curvilinear relationship between perfor-
mance and dose in the go/no-go task). If we assume that
inhibitory control is mediated by dopamine (these mecha-
nisms should also apply to other neuro-trasmitter systems)
then this restorative effect may reflect a pharmacological
improvement of a basal hypodopaminergic state that may
either have preceded or resulted from cocaine use. Higher
doses of cocaine push the user away from the peak of an
idealized dose-response curve between performance and
dopamine levels into a hyperdopaminergic state. Similar
effects can be observed in healthy controls in that
individuals with low working memory capacities (a
behavioral assay of low basal dopamine function) show
beneficial effects on performance following a dopamine
agonist (Gibbs and D’Esposito 2005).

Neuroimaging studies have shown reduced prefrontal
activity during inhibition in users (Hester and Garavan
2004; Kaufman et al. 2003). Hester and colleagues have
shown that an impairment in users is best observed when
task demands are increased by adding a simultaneous
working-memory load. In this task, a serial stream of
letters were presented and participants were instructed to
respond to all letters except those previously identified as
no-go letters from which responding should be withheld.
The size of the no-go letter set was varied across trials
thereby requiring subjects to maintain a variable amount of
information in working memory while performing the
response inhibition task. Adding this parametric manipu-
lation yielded insights into the dynamics of functional
cortical recruitment in users. For example, healthy control
participants revealed increased dorsolateral prefrontal and
anterior cingulate activity for inhibitions as a function of
increased working memory load (Hester et al. 2004a, b).
The cerebellum showed an opposite pattern, reducing in
activity as a function of memory load. These results were
interpreted to reflect the roles of the prefrontal cortex in
flexible, controlled action as distinct from the cerebellum
which would be involved in more routinised, predictable,
stimulus-response operations (Courchesne and Allen 1997).

In stark contrast to this pattern in controls, cocaine users did
not show increases in activation in response to the memory
load manipulation in dorsolateral prefrontal and anterior
cingulate cortices. Instead, they showed increases in
cerebellar activity. Similar evidence of functional cerebellar
recruitment has been observed in cannabis users (Bolla
et al. 2005) and alcoholics (Desmond et al. 2003). One
interpretation of these results is that the cognitive control
deficits mediated by prefronted regions of users produce a
reversion to reliance on sub-optimal cerebellar circuits.

Behavioral Monitoring

The ability to monitor one’s ongoing performance is central to
behavioral control. Detecting one’s errors (or the likelihood of
committing an error) serves an adaptive function in signaling
to an individual that the intervention of other attention or
control processes would be advantageous (Botvinick et al.
2001; MacDonald et al. 2000). This type of executive control
is necessary for producing coherent and effective behavior in
real-world environments, in which task demands fluctuate
and dynamic responses to performance feedback is crucial.
The inability to detect or appreciate the importance of errors
has been found to relate to a wide variety of clinical
symptoms, including the particularly debilitating symptoms
of loss of insight (Ott et al. 1996), perseverative behavior, and
the disorganisation syndrome of schizophrenia (Liddle et al.
1992). These clinical symptoms have also been shown to be
strong predictors of poor clinical outcomes, including the
inability to maintain independent living skills (DeBettignies
et al. 1990), and relapse rates in depression and drug
addiction (Peralta and Cuesta 1998; Teasdale et al. 2002).

Much research implicates the anterior cingulate cortex
(ACC) in error-related functions (Dehaene et al. 1994) and
error-related hypoactivity has been observed in cocaine
users (Kaufman et al. 2003). Others have observed a similar
ACC hypoactivity in opiate users (Forman et al. 2004; Lee
et al. 2005; Yucel and Lubman 2007), on a Stroop task in
both cocaine (Bolla et al. 2004) and cannabis users (Eldreth
et al. 2004), and following alcohol administration
(Ridderinkhof et al. 2002) suggesting that this phenomenon
may be a general feature of drug abuse. Anterior cingulate
cortex functional hypoactivity is also consistent with other
metabolic and anatomical evidence of ACC dysregulation
in cocaine users (Franklin et al. 2002; Hammer et al. 1993).
The ACC response to errors may be driven by the same
mesocorticolimbic dopamine system that involves the
nucleus accumbens in cocaine’s reinforcing effects
(Holroyd and Coles 2002). Indeed, the nucleus accumben’s
prediction-error response to rewards and their absence
(Schultz et al. 1997) shares many characteristics with the
ACC’s response to errors insofar as an error is a loss of a
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possible reward. Consequently, the proposed mechanisms
by which dopamine affects reinforcement-related processes
in the nucleus accumbens may also apply to control-related
processes in the ACC.

An ACC functional deficit may be quite consequential
for addiction especially in light of recent theories which
propose that the ACC monitors the likelihood of errors (and
not errors, per se; Brown and Braver 2005; Magno et al.
2006) and, conceptually similar, that the ACC assesses risk
and uncertainty in decision making (Paulus and Lawrence
2006). Compromise to these psychological functions may
render the cocaine user more likely to make risky decisions
concerning use, or not to detect when the likelihood of drug
use increases (e.g., monitoring internal risk factors such as
stress or craving or external factors such as meeting drug-
using acquaintances). To determine those cognitive con-
sequences that might follow from an ACC deficit, cocaine
users were tested on two modified go/ no-go tasks thought
to rely on intact ACC functioning (Hester et al. 2007; see
Fig. 2). The first task measured post-error slowing which is
an adaptive response to improve performance following
errors while the second task assessed error awareness by
requiring subjects to make a separate button press whenever
they made an error. Results revealed that although cocaine
users were identical to controls in their post-error behavior
they detected fewer of their errors. Anterior cingulate cortex
hypoactivity and a diminished awareness of errors is
complemented by a body of evidence showing a blunted
response to losses in drug users on laboratory gambling
tasks (Garavan and Stout 2005). In support of the
proposition that these neurobiological deficits may also
relate to risk-taking behavior, it is notable that the risky
behavior of methamphetamine users on a gambling task has
been linked to reduced ACC activity (Fishbein et al. 2005).
Similar ACC-mediated cognitive risk factors may apply at
the other end of the addiction life cycle. A risk-taking
personality type is predictive of drug use (Feldstein and
Miller 2006) and the risk taking behavior of adolescents has
been linked to ACC hypofunction (Bjork et al. 2007).

Conclusion

Research into the cognitive abilities of cocaine users
present a picture in which there are deficits in the very
processes that may be integral to averting dependent use.
The emerging results suggest that cocaine users may have
an attentional bias to detect drug-related stimuli, poor
inhibitory control, and compromised evaluation of their
risky behaviors. That said, the exact pattern of neuro-
cognitive deficits and how they may interact with one
another in cocaine users is still being elucidated. For
example, Li and colleagues provide evidence that the impulse

control deficits of users as assayed by the STOP signal task
may be secondary to other attentional or monitoring deficits
(Li et al. 2006). The challenge to researchers is not only to
discover the true profile of cognitive deficits, but to
demonstrate that they are consequential, in a causal sense,
for addiction. In this regard, the evidence that cognitive
abilities can predict the development of drug problems or can
predict relapse are highly relevant. Modern neuroimaging
techniques are invaluable here in that they enable the
neurobiology of the uniquely human dimensions of addiction
to be investigated. Whereas dominant theories of addiction,
rooted, as they are, primarily in animal models, may explain
the drive to consume drugs, there is an important role for
human studies to explain the decisions to consume. These
decisions can be decomposed into elementary psychological
processes that are amenable to investigation. Understanding
what might be the core cognitive dysfunctions contributing
to dependence may result in an increased emphasis on
cognitive control rehabilitation in treatment (Ryan 2006;
Yucel and Lubman 2007).

Fig. 2 The Error Awareness Task presents a serial stream of color
name words. Subjects are required to make a button-press response to
all stimuli except when a stimulus repeats (Repeat no-go) or when a
stimulus contains an incongruency between the color name and the
color font (Stroop no-go). Subjects make two button-press responses
on the trial immediately following an error of commission to
communicate their conscious awareness of their errors. Cocaine users
had a higher percentage of unaware errors relative to controls (Hester
et al. 2007). The Behavior Adaptation Task presents a serial stream of
the letters X and Y and requires response inhibitions whenever a letter
is the same as the preceding letter (Repeat no-go). It manipulates a
requirement for post-error slowing by presenting occasional double-
repeats (condition shown on bottom). That is, a repeat no-go is
sometimes immediately followed by a second repeat no-go resulting in
subjects showing substantially slower responses on trials following all
repeat no-gos in this condition. Cocaine users and controls performed
identically on all measures of post-error slowing (Hester et al. 2007)
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