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Chronic cocaine users often display difficulty inhibiting and appropriately changing their behavior, with a level of 
impulsivity and a resistance to change that seems more severe than with other types of addiction, yet the reasons 
for this are still unclear. Reversal learning tasks have been helpful for measuring impulsivity when tested on both 
cocaine-injected animals and human drug users in general. Yet very rarely have these tasks been tested on human 
cocaine users in particular. The aim of this experiment was to analyze the ability of cocaine users and controls to 
adapt behavior to changing reward contingencies using a reversal learning task. All controls were cocaine-free 
participants. The primary dependent variables were average trials to first, second, and third reversal and the 
secondary variable was consecutive perseverative errors. The cocaine users had higher means on average trials to 
first reversal, average trials to second reversal, and average trials to third reversal. These results suggest that 
cocaine users are significantly impaired in their ability to inhibit and adjust their behavior to changing reward 
contingencies. No statistically significant results have been found on consecutive perseverative errors. 
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Drug addicts have difficulty inhibiting their behavior 
and changing their responses, as shown by their repeated drug 
use despite negative consequences. Brain scans, cognitive tests, 
and personality measures have shown that addiction and 
impulsivity are inextricably linked (Belin, Mar, Dalley, 
Robbins, & Everitt, 2008; Moeller, 2001; Patton, Stanford, & 
Barrat, 1995; Wang, Volkow, Thanos, & Fowler, 2004). If we 
hope to develop effective treatments for drug-addicted 
individuals, we must first understand how drug addicts are 
different  in their  levels  of  impulsivity  (Sng  &  MacDonald,  
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2008). Recent studies have brought cocaine to the attention of 
researchers, due to the strong addictive nature of the drug and 
the cognitive deficits that have been reported in cocaine users 
(Ersche, Roiser, Robbins, & Sahakian, 2008). Several studies 
have found evidence suggesting that high impulsivity may lead 
to cocaine addiction. Belin et al. (2008) found that high 
impulsive rats were more likely to develop the addiction-like 
behavior of compulsive self-administered cocaine use. Dalley et 
al. (2007) also found trait impulsivity to predict compulsive 
cocaine use in rats.   

One way that impulsivity can be measured is through 
reversal learning tasks. Reversal learning is the ability to adapt 
behavior to shifting reward contingencies. In a reversal 
learning task, two visually different stimuli are presented. In a 
study with human subjects, the stimuli may be patterns 
presented on either side of a computer screen. One pattern is 
designated as “correct” while the other pattern is “incorrect”. 
Subjects are asked to choose which pattern is correct and are 
given feedback on their response. At some point in the study, a 
reversal occurs, and the pattern that was previously “correct” 
becomes “incorrect,” and vice versa. Subjects are asked to 
adapt their responses to this change in reward contingencies. 
When a subject continues to say that a past “correct” pattern is 
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the correct answer, even after the reversal has occurred and 
that is no longer the case, a perseverative error has occurred. 
Subjects are informed that they will occasionally be given false 
feedback (i.e., an intentionally misleading response) in which 
the computer says they made an incorrect choice when, in fact, 
a correct choice had been made. Subjects are also told that they 
should not assume that this “incorrect” response means a 
reversal has occurred, and they should not immediately adapt 
their choices accordingly because it may be false feedback 
(National Institutes of Health Clinical Center, 2008). The 
subject should only change strategies if the subject is confident 
that it is not false feedback (e.g., the “incorrect” feedback was 
given when the previously correct choice was selected 
numerous times). In some studies, a subject may need to obtain 
a certain amount of consecutive correct responses during the 
pre-reversal stage in order to activate the reversal. The number 
of tries (i.e., “trials”) that it takes for a subject to achieve the 
necessary consecutive correct responses is the trials to reversal. 
Impulsive subjects may have difficulty ignoring irrelevant 
information, and are more likely to change their responses 
when given false feedback (Jentsch, Olausson, De La Garza, & 
Taylor, 2002). This makes it more difficult for the subject to 
acquire the necessary consecutive correct responses, and 
therefore increases the subject’s trials to reversal value. 
Impulsive subjects may also have difficulty inhibiting their 
previous responses, resulting in more perseverative responding 
(Jentsch et al., 2002).  
 Reversal learning and perseverative responding are of 
interest to us for several reasons. Impairments on these tasks 
have been shown in cocaine-using subjects, even after drug use 
has ceased. Jentsch et al. (2002) found reversal learning to be 
impaired in monkeys who received cocaine on a non-
contingent, experimenter-administered basis, even after 30 days 
of being drug-free. Severe reversal learning deficits were also 
found in rats that had self-administered cocaine, even after 
three months drug-free (Calu et al., 2007). Cocaine-treated 
monkeys that had been drug-free for 30 days also showed 
continued impaired reversal learning and increased 
perseverative errors (Jentsch et al., 2002). Researchers have 
found human cocaine users to have deficits in these areas as 
well. Ersche et al. (2008) found chronic cocaine users to have 
impairments in reversal learning and significantly more 
perseverative responding while other chronic drug users 
(amphetamine users and opiate users) did not. Fillmore and 
Rush (2006) also found polydrug (alcohol and cocaine) user’s  
reversal learning ability to be severely impaired. It appears that 
cocaine may affect the brain in a way that causes greater 
cognitive deficits in individuals who abuse this particular drug 
versus other psychoactive drugs. 

Several studies have attempted to link this cognitive 
and behavioral data to physiological differences between 
cocaine users and non-cocaine users. Clarke, Robbins, and 
Roberts (2008) found medial striatal- and orbitofrontal cortex-
lesioned monkeys to have increased perseverative responding 
on a reversal learning task. Cocaine-induced damage in the 

orbitofrontal cortex has also been shown to affect impulsivity 
and increase perseverative responding (Fuchs, Evans, Parker, 
& See, 2004; Jentsch & Taylor, 1999). In addition, the ventral 
striatum has been a focus of researchers in drug addiction for 
decades (Jentsch & Taylor, 1999), and the ventral prefrontal 
cortex and ventral striatum were more recently found to be 
involved in reversal learning through an fMRI study by Cools, 
Clark, Owen, and Robbins (2002). Neurotransmitters may also 
play an important role. Ersche et al. (2008) hypothesizes that 
serotonin (5-HT) may contribute to cocaine users’ deficiencies 
in reversal learning and increased perseverative responding.  

Previous studies have been done on the relationship 
between reversal learning and perseverative responding in 
drug-using animals; however, few have been done with drug-
using human participants. We wish to expand upon previous 
research by using a larger sample size than some previous 
studies and narrowing the focus to chronic cocaine use in 
humans. The aim of this study is to analyze cocaine users’ 
ability to inhibit behavior and adapt to changing reward 
contingencies with a reversal learning task. Due to previous 
studies finding cocaine use in both animals and humans to 
impair reversal learning and increase perseverative responses, 
we hypothesize that chronic cocaine users will have greater 
average trials to reversal and increased perseverative errors in 
comparison with cocaine-free controls.  
 

METHOD 
 
Participants 

A total of 37 cocaine users and 31 controls completed 
the study. Participants were between the ages of 18 and 46 and 
were recruited via flyers and advertisements in a free local 
newspaper. Both groups included males and females of various 
ages, but sex and age were not considered in this present 
analysis. Individuals with neurological or medical conditions 
known to affect the brain were excluded, as well as those with 
a history of Bipolar Disorder or a recent (within the last month) 
episode of Major Depression. Alcoholism was controlled for 
through excluding individuals currently consuming 14 or more 
drinks per week for men and 10 or more drinks per week for 
women. Cocaine using participants were required to be using 
cocaine weekly and have met the criteria for cocaine 
dependence for at least one year. Cocaine users were also 
excluded if currently dependent upon a psychoactive substance 
other than cocaine, caffeine, or nicotine. Additionally, all 
controls were cocaine-free and were excluded for a history of 
substance abuse or substance dependence (with the exception of 
nicotine and caffeine) within the past year.  See the Appendix 
for more detailed exclusion criteria.  
 
Materials and Procedure 

Participants performed a reversal learning task that 
consisted of three blocks. Each block lasted up to five minutes 
with a maximum of 150 trials each. There were three possible 
reversals per block  (a total  of nine  reversals  per participant).  
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FIGURE 1.  Two visually dissimilar gray patterned blocks that were 
presented side by side on the computer screen during the reversal 
learning task. 

 
During the task, two visually dissimilar gray patterns (Fig. 1) 
were simultaneously presented for 6 sec, one on each side of a 
computer screen. The patterns were presented in random order 
across participants. Between each block, instructions appeared 
informing the participant that the next block was about to begin 
(Sng & MacDonald, 2008). The entire task was performed on a  
Windows desktop computer and used a left/right E-prime 
Cedrus Button Box for responding.  

When the task began, instructions on the computer 
screen informed the participants that they would see two 
patterns side by side on the screen. The instructions explained 
that one of the patterns would be considered “correct” while 
the other was “incorrect”. However, at some points during the 
task the correct pattern would reverse (i.e., the correct pattern 
became incorrect). Participants were asked to choose which 
pattern was “correct” by pressing a button on the button box 
which corresponded to either the left or the right pattern, and 
were given immediate feedback on their choice. Feedback was 
given on the computer screen by a “Correct!” message in blue 
or an “Incorrect” message in red. If no choice was made within 
a set amount of time, participants were given a “no response” 
message. Participants were also informed through instructions 
on the screen at the initiation of the task that they would also 
occasionally receive false feedback (i.e., participants would 
receive “incorrect” feedback after choosing the correct 
pattern). Participants were told to avoid immediately changing 
responses after receiving an “incorrect” message (because it 
may be false feedback) and to wait to change responses until 
they thought a reversal had truly occurred. False feedback was 
given 20% of the time (as consistent with previous studies, see 
Ersche et al., 2008), but participants were not informed about 
how often this false feedback would occur.  

When any block started, a participant would be in the 
pre-reversal stage. No reversal occurred until the participant 
had achieved 10 consecutive correct responses (similar to 
previous studies, see Ersche et al., 2008). If participants had 
not achieved 10 consecutive correct responses before they had 
gone through the first 50 trials, the block ended and 
participants moved on to the next block. If participants did 
achieve 10 consecutive correct responses before 50 trials were 
reached, a reversal occurred. The number of trials it took for a 
participant to achieve 10 consecutive correct responses was 

called trials to first reversal. If participants never initiated a 
reversal, their trials to first reversal would be 50.  

If participants initiated a reversal, they moved on to 
the second part of the block and were allowed another 50 trials 
to achieve 10 consecutive correct responses. The number of 
trials it took for them to achieve this is called trials to second 
reversal. If participants did not achieve the 10 consecutive 
correct responses before 50 trials were reached, the block 
ended, and they were automatically advanced to the next block. 
If they did achieve the necessary consecutive correct responses, 
a reversal occurred, and they advanced to the third and last part 
of the block. If participants got to this third part of the block, 
they were allowed another 50 trials to achieve 10 consecutive 
correct responses. For consistency, the number of trials it took 
for them to achieve 10 consecutive correct responses is referred 
to as trials to third reversal, although the block simply ended 
and they were moved to the next block when they achieved this 
(or when they reached 50 trials). 

In our study, average trials to first, second, and third 
reversal are the primary dependent variables. Average trials to 
first reversal were calculated for each participant by averaging 
the scores the participant obtained on all three pre-reversals 
(trials it took for the participant to initiate the first reversal, or 
the limit of 50 trials). Average trials to second reversal were 
calculated for each participant by averaging the number of 
trials it took for the participant to initiate the second reversal 
(or the limit of 50 trials) over all three blocks. Average trials to 
third reversal were also calculated for each participant by 
averaging the number of trials it took for the participant to end 
the block over all three blocks. Immediately after the reversal, 
it often takes a few trials for the participant to acclimate to the 
change. This was measured as consecutive perseverative errors, 
and was the secondary variable in our study.  
 

RESULTS 
 

E-Prime experiment generation software was used to 
run the task. Statistical Package for Social Sciences (SPSS) was 
used to analyze the data. Post-hoc comparisons were 
considered to be significant at the .05 level of significance. 
Independent samples t-tests were run on the dependent 
variables of average trials to first reversal, average trials to 
second reversal, average trials to third reversal, and 
consecutive perseverative errors. Cohen’s d also was calculated 
for all results.  

Figure 2 plots both groups’ average trials to reversal 
for each block. An independent samples t-test showed cocaine 
users to have higher means than controls for average trials to 
first reversal [cocaine N = 37, M = 23.56, SD = 12.55, 
control N = 31, M = 17.85, SD = 9.04, t(64.65) = 2.18, p 
= .03, d = 0.54], which was statistically significant. Both 
groups had an increase in average trials to second reversal, 
with cocaine users showing significantly higher means than 
controls [cocaine N = 36, M = 31.94, SD = 13.25, control N 
= 31, M = 23.19, SD = 9.25, t(62.49) = 3.19,  p = .002,  d  
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FIGURE 2.  Cocaine users’ and controls’ means for average trials to 

reversal. Cocaine users showed significantly higher means than 
controls on all three average trials to reversal at the p < .05 level. 

 
= 0.81]. As shown in Figure 2, cocaine users had significantly 
higher means on average trials to third reversal as well [cocaine 
N = 27, M = 28.61, SD = 12.27, control N = 31, M = 20, 
SD = 8.41, t(45.08) = 3.07, p = .004, d = 0.92]. Cocaine 
users and controls performed similarly on consecutive 
perseverative errors [not shown, cocaine N = 31, M = 5.02, 
SD = 3.81, control N = 30, M = 4.75, SD = 3.40, t(59) = 
0.29, p = .77, d = 0.08]. 
 

DISCUSSION 
 

This study analyzed the ability of chronic cocaine 
users to adjust behavior due to changing reward contingencies 
in a reversal learning task (Ersche et al., 2008; MacDonald & 
Patzelt, 2009). We hypothesized that cocaine users would make 
more impulsive and perseverative responses, showing greater 
average trials to reversal and increased perseverative errors. 
Our results showed cocaine users to have significantly higher 
means than controls on all three average trials to reversal. This 
means that on average, throughout the entire study, it took the 
cocaine users more trials than the controls to achieve 10 
consecutive correct responses, leading to more trials to the 
first, second, and third reversal. It should be noted that while 
no controls were lost during average trials to first, second, and 
third reversal, one cocaine user was unable to initiate the first 
reversal, leading to 36 of the 37 cocaine users being included in 
the average trials to second reversal result. Nine more cocaine 
users were unable to achieve the necessary correct consecutive 
responses to initiate the second reversal, leading to 27 of the 37 
cocaine users being included in the average trials to third 
reversal result. This is a similar drop, although less extreme, to 
that seen in the study by Ersche et al. (2008).  

Although cocaine users were found to have 
significantly higher means than controls on average trials to 
first reversal, only one cocaine user was unable to achieve the 
necessary consecutive correct responses. This shows that the 
significant difference between cocaine users and controls was 
not likely due to cocaine users having difficulty understanding 

the task. Our significant pre-reversal finding is different than 
from what Ersche et al. (2008) and Fillmore and Rush (2006) 
found in previous studies. In both of these studies, no 
significant differences in means between drug users and 
controls were found until after the reward contingencies had 
changed.  

However, our result that cocaine users had 
significantly higher means on average trials to second and third 
reversal are parallel with previous results by Ersche et al. 
(2008) and Fillmore and Rush (2006) that found cocaine and 
polydrug users make significantly more errors after reward 
contingencies had changed. Nine cocaine users did so poorly 
after the first reversal that they were unable to achieve 10 
consecutive correct responses during any of the three blocks. 
However, despite the drop in number of cocaine users, and 
therefore a loss in power, there is still a significant difference 
in means between the two groups. This suggests that even the 
cocaine users that were able to grasp the basics of reversal 
learning were impaired in comparison to controls.   

Our results indicate that cocaine users are impaired in 
their reversal learning ability. This may be reflective of 
cognitive deficits associated with chronic cocaine use. Cocaine 
user’s impaired learning may also be representative of higher 
levels of impulsivity. We believe this is so because all 
participants were aware they would be given false feedback, 
but an impulsive participant would be more likely to change 
their response when given false feedback, and hence have more 
trials to reversal. No differences were found between groups in 
perseverative responding. This is interesting, considering 
previous studies have found cocaine users to have severe 
deficits in perseverative responding (Ersche et al., 2008), and 
should be looked into further. 
 There were several limitations to this study. New 
instructions were begun on 11/05/08, giving participants more 
instruction on how to respond to false feedback to improve task 
performance. During the fall of 2009, the visual stimulus 
patterns were also slightly modified to be more dissimilar, to 
prevent confusion between the two stimuli. We do not believe 
these changes affected the results of our study because the 
changes were minimal. Also, while the significant difference in 
average trials to third reversal despite the drop in number of 
cocaine users underscores the cocaine users’ impairment, the 
10-subject drop could also raise questions of reliability. 
 Previous research has shown cocaine users to be 
highly impulsive and to have severe deficits in ability to adapt 
to changes in reward contingencies (Ersche et al., 2008). Our 
results have furthered those claims. However, we are far from 
knowing the cause of cocaine users’ cognitive deficits. Future 
research may want to look to the brain for answers, in order to 
link the cognitive and behavioral differences that we saw to 
physiological differences between cocaine users and non-users. 
It is possible that these differences may involve the ventral 
prefrontal cortex or the ventral striatum, as these regions are 
involved in reversal learning tasks (Cools et al., 2002). It is 
also possible that these deficits are caused by differences in the 
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orbitofrontal cortex as suggested by Fuchs et al. (2004) and 
Jentsch and Taylor (1999). However, Ersche et al. (2008) has 
more recently offered serotonin (5-HT) as a possible 
explanation that should be looked into. The relationship 
between cocaine use and impulsivity is strong, but the 
neurobiological reasons behind it are also complex. If the 
connection between impulsivity and cocaine addiction can be 
more fully understood, a foundation for creating effective 
treatment tools and prevention measures may be built. 
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APPENDIX 
 
Cocaine Inclusion Criteria: 
 
• Ability to provide written informed consent and to comply with all study 

procedures. 
• Healthy subjects 18 to 46 years of age. 
• For cocaine using subjects only: Meets DSM-IV diagnostic criteria for 

cocaine dependence within the last month. 
• Drug use: Cocaine users will meet the following criteria: 
 

a) Minimum weekly use of cocaine in the month prior to enrollment. (6 
times/month) 

b) Meet criteria for cocaine dependence for at least one year. 
 
Cocaine Exclusion Criteria: 
 
• A serious neurological or endocrine disorder, or any medical condition or 

treatment known to affect the brain. 
• HIV seropositivity. 
• Evidence of stroke or space occupying lesions observed on conventional, 

clinical MR images. 
• Any contraindications to MRI scanning (i.e., metal implants, pacemakers, 

claustrophobia, BMI>40, etc.) 
• Documented loss of consciousness (LOC) for longer than 30 minutes or 

LOC with any neurological sequelae. 
• DSM-IV criteria for Mental Retardation. 
• Recent Major Depressive episode (within the last month). 
• Currently consuming ten or more drinks per week for women and 

fourteen or more drinks per week for men 
• Taking medications known to alter gamma-aminobutyric acid brain levels 

(e.g. topiramate, baclofen, etc.) 

 

• Must not report a current or past history of eating disorders or binge 
eating episodes (ingesting large amounts of food in a relatively short 
period of time while having a sense that they cannot control what or how 
much they are eating). Individuals with subthreshold Binge Eating 
Disorder will be excluded from this study in order to maximize the 
potential differences between the two groups. 

• History of Bipolar Disorder or Psychotic disorders: 
 

o For healthy control subjects only:  
a) Psychiatric disorders in the past 3 months  
b) History of substance dependence except for nicotine and 

caffeine 
c) Substance abuse within the past year except for nicotine 

and caffeine 
 

o For cocaine using subjects only:  
a) Current dependence on any psychoactive substance other 

than cocaine, caffeine or nicotine 
 
Subjects were removed due to being:  
 
a) Lost 
b) Ineligible 
c) Having bad neurocognitive data on reversal learning 
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