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Abstract
Rationale Steep discounting of delayed monetary rewards by
substance-dependent individuals is well-established. Less is
known, however, about discounting other kinds of outcomes,
and very little is known about discounting by marijuana-
dependent individuals.
Objectives To determine how cocaine-dependent individ-
uals and marijuana-dependent individuals discount vari-
ous delayed and probabilistic outcomes, both positive
and negative.
Methods Marijuana-dependent individuals, cocaine-
dependent individuals, and controls performed delay and
probability discounting tasks with various hypothetical
outcomes.
Results The cocaine-dependent (but not the marijuana-
dependent) group discounted delayed liquid rewards and
monetary gains, but not delayed losses, more steeply than
the control group. In contrast, the marijuana-dependent group
(but not the cocaine-dependent group) discounted delayed
monetary losses more steeply than controls. There were no
group differences in discounting for any of the probabilistic
outcomes. Factor analysis revealed a delayed gain factor, a
probabilistic gain factor, and a delayed/probabilistic loss fac-
tor. The delayed gain factor scores for the cocaine-dependent
group, but not the marijuana-dependent group, differed signif-
icantly from those of the control group. The groups did not
differ in their probabilistic gain factor scores, and the

marijuana-dependent group did not differ from the controls
with respect to their loss factor scores.
Conclusions These results are inconsistent with the idea that
steep discounting of both gains and losses and both delayed
and probabilistic outcomes reflects a general impulsivity trait,
as well as with the idea that all drug-dependent individuals are
steep discounters. Rather, differences in discounting appear to
be related to both the type of outcome and the specific drug on
which individuals are dependent.

Keywords Marijuana . Cocaine . Discounting . Delayed
gains . Delayed losses . Probabilistic outcomes . Polydrug
dependence

Steep discounting of delayed rewards is frequently equated
with impulsivity or a lack of self-control (Ainslie 1975;
Odum 2011). Consistent with this view, substance users and
abusers tend to show steeper discounting than non-users
(Bickel et al. 2014; MacKillop et al. 2011; Stein and Madden
2013). Although this difference in discounting is well-
established for a number of abused substances (e.g., alcohol,
cocaine, heroin, nicotine; MacKillop et al. 2011), most research
has focused on delayed monetary rewards, and much less is
known about the discounting of other outcomes (e.g., delayed
losses, probabilistic gains and losses). In addition, although
users and abusers of some substances (e.g., alcohol, nicotine,
and cocaine) have been studied extensively, little is known
about some other widely used substances (e.g., marijuana).

With respect to delayed losses, for example, Baker et al.
(2003) found that nicotine-dependent individuals discounted
delayedmonetary losses as well as delayed gains more steeply
than individuals who had never smoked. Similarly, Odum
et al. (2002) found that current smokers discounted both de-
layed health gains and losses more steeply than never-
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smokers. However, Johnson et al. (2007) failed to replicate
this finding, and Ohmura et al. (2005) reported that whereas
nicotine consumption was significantly correlated with the
degree to which smokers and nonsmokers discounted
delayed gains, this was not true for delayed losses.
Moreover, Myerson et al. (2015) found that in a sample of
low-income African-Americans, alcoholic-dependent partici-
pants discounted delayed monetary gains, but not losses, more
steeply than propensity-matched controls. The inconsistent
results obtained with respect to group differences in the
discounting of losses, however, may have nothing to do with
substance use and abuse because, as Harris (2012) pointed
out, the limited literature on delayed losses in the general
population also contains apparent contradictions. Moreover,
the finding that there are subgroups who show qualitatively
different patterns of discounting delayed losses suggests that
sampling differences, with the proportions of these different
subgroups differing from study to study, could be responsible
for the observed inconsistencies (Myerson et al. 2016).

As is the case with substance use and the discounting of
delayed losses, there have been relatively few studies of sub-
stance use and the discounting of probabilistic outcomes. The
results of studies involving probabilistic gains have been in-
consistent, even within users of the same substance (e.g.,
Mitchell 1999; Ohmura et al. 2005; Reynolds et al. 2004; Yi
et al. 2007), whereas the two studies examining discounting of
probabilistic losses found no relation between discounting and
the use of either nicotine (Ohmura et al. 2005) or alcohol
(Takahashi et al. 2009).

To date, only one study has compared discounting by mar-
ijuana users and controls. Johnson et al. (2010) failed to find
any significant differences in the discounting of delayed mon-
etary rewards by currently using marijuana-dependent individ-
uals, former marijuana smokers, and controls who had never
used marijuana, although they suggested that there was a trend
toward steeper discounting in the marijuana-dependent group.
Three other studies have examined the relation between mari-
juana use and delay discounting but did not examine group
differences. McDonald et al. (2003) found that THC had no
acute effect on degree of discounting. Kollins (2003) found that
the degree of discounting delayed monetary rewards predicted
the age at which college students had first used marijuana and
alcohol as well as the age at which they began smoking and the
number of illicit drugs used. Stanger et al. (2012) found that the
discounting of delayed $1000 rewards, but not delayed $100
rewards or marijuana rewards, predicted the outcome of treat-
ment for marijuana abuse and dependence.

In contrast to the paucity of studies of marijuana users,
numerous studies have examined discounting and cocaine de-
pendence. The results of such studies have consistently report-
ed that individuals dependent on cocaine or other stimulants
discount delayed monetary gains more steeply than controls
(Mackillop et al. 2011; Yi et al. 2010). With respect to the

discounting of probabilistic monetary gains, however, only
one study (Johnson et al. 2015) has compared individuals
who abuse or are dependent on cocaine with controls.
Johnson et al. failed to find consistent differences between
the groups when one of the choice options was a probabilistic
monetary gain, and the groups also did not differ when
choices involved different probabilities of a sexually transmit-
ted infection (STI). However, the cocaine group was more
likely than the control group to choose to have sex immedi-
ately rather than wait until a condom was available (which
would decrease the probability of an STI).

In order to flesh out the literature on substance abuse and
discounting, the present study compared the discounting of
five different types of outcomes: monetary gains ($100 and
$3000) and losses ($1500), as well as two types of nonmon-
etary outcomes: liquid rewards and leisure activities. Both the
delay and probability discounting of each of these five out-
comes was examined, and the discounting by marijuana- and
cocaine-dependent individuals were compared with the
discounting by controls.

Although risk-taking and impatience have both been de-
scribed as aspects of impulsivity, previous research has sug-
gested that delay discounting and probability discounting rep-
resent relatively independent traits, and the fact that amount of
reward has opposite effects on delay and probability
discounting suggests they also involve different mechanisms
(Myerson et al. 2003). Moreover, neither delay nor probability
discounting of losses is affected by amount (Estle et al. 2006;
Mitchell and Wilson 2010), suggesting that, like the
discounting of delayed and probabilistic gains, the discounting
of losses represents its own distinct domain (for a review, see
Green and Myerson 2013). Accordingly, the present study was
designed to shed light on which aspects of discounting reflect
differences between drug-dependent individuals and controls,
with particular attention to marijuana-dependent individuals,
about whose discounting little is currently known. A secondary
aim of this study was to evaluate whether polydrug dependence
has a cumulative effect on discounting. Only two studies have
examined how the use of several drugs is related to discounting.
Mitchell (2003) found that men who regularly used more rec-
reational drugs discounted more steeply than those who used
only drug. However, García-Rodríguez et al. (2013) found no
cumulative effect of the number of drugs on which an individ-
ual was dependent.

As already noted, substance abusers (e.g., cigarette smokers,
heroin, alcohol, methamphetamine, and cocaine addicts) exhib-
it steeper discounting of delayed monetary rewards than con-
trols. Even if steep delay discounting of monetary rewards
could be seen as reflecting an impulsivity trait in drug users,
however, there is scarce information on the discounting of ei-
ther other types of delayed outcomes or on the discounting of
probabilistic outcomes by drug users. Accordingly, the current
work compares delay discounting and probability discounting
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of different types of outcomes by marijuana-dependent users,
cocaine-dependent users, and controls.

Method

Participants One-hundred and twenty-one drug-dependent
men (ages 18 to 51) and 40 male controls (ages 19 to 50)
participated in this study. Drug-dependent participants were
recruited from a residential addiction treatment center and an
outpatient addiction treatment center in Mexico City. Controls
were either students at the National Autonomous University
of Mexico (UNAM) or friends and relatives of students. All
participants were currently living in the greater metropolitan
area of Mexico City. The protocol was approved by the
Institutional Review Board for UNAM, and all participants
provided written informed consent.

Participants from the treatment centers were contacted dur-
ing their first psychological session to determine initial eligi-
bility and then screened for drug dependence using the
Spanish version of the Alcohol, Smoking, and Substance
Involvement Screening Test (ASSIST; Linage and Lucio
2013; WHO ASSIST Working Group 2002) and a Spanish
version of the Drug Abuse Screening Test, the CAD-20
(Skinner 1982; Villalobos-Gallegos et al. 2015). The
ASSIST provides information about the intervention needs
of drug users, with a score of 27 or greater indicating drug
dependence that requires intensive treatment. The CAD-20
questionnaire measures severity of drug use with a score of
11 or greater indicating severe dependence. Drug-dependent
participants in this study all had scores indicating dependence
on one or more drugs on the ASSIST and scores on the CAD-
20 indicating severe dependence on their principal drug (i.e.,
the one for which their score on the ASSIST was highest).
Drug-dependent participants were provided with free treat-
ment for their substance misuse. Their participation was vol-
untary; they received no compensation.

Members of the control group also were administered the
ASSIST to verify that they were not dependent on any drug.
Recent drug use by drug-dependent participants (and not by
controls) was confirmed using urinalysis. Exclusion criteria
for all potential participants included a reading level lower than
sixth grade or problems with gambling, as indicated by a score
of 26 or higher on the Cuestionario de Detección y Evaluación
del Juego Patológico (Morales-Chainé S et al. 2016, unpub-
lished manuscript). Individuals whose medical histories re-
vealed a history of schizophrenia or other psychotic disorders
or bipolar disorder as defined according DSM-IV criteria also
were excluded. Those who were students in a psychology
course received extra credit for their participation; others re-
ceived no compensation.

Of the drug-dependent participants, there were 44 whose
primary drug was marijuana and 77 whose primary drug was

cocaine. Characteristics of the two drug-dependent and con-
trol groups are presented in Table 1. Fisher’s exact test was
used to assess group differences in age, and chi-squared tests
were used to assess group differences in education and in-
come. All participants had at least completed junior high
school (ninth grade), but the groups differed significantly in
age, education, and income (all ps < .05). Follow-up tests to
localize these differences revealed that although both the
cocaine- and marijuana-dependent groups differed from the
controls in education (both ps < .001), only the cocaine-
dependent group differed from the controls with respect to
age (p= .004), whereas the marijuana-dependent group did
not, and only the marijuana-dependent group differed from
the controls with respect to income (p= .001), whereas the
cocaine-dependent group did not. However, none of these
differences were responsible for any of the observed differ-
ences in discounting, as indicated by follow-up analysis as
well as the observed pattern of group differences on the
discounting tasks (see BDiscussion^). All drug-dependent in-
dividuals were abstinent and had begun treatment at the time
of testing on the discounting tasks.

Procedure Participants were individually tested on comput-
erized delay and probability discounting tasks with five types
of hypothetical delayed and probabilistic outcome: a $200
gain (in pesos; approximately 16Mexican pesos per US dollar
at the time of the study), a $3000 gain, a $1500 loss, a pre-
ferred liquid reward, and a preferred leisure activity.
Completion of these tasks took between 20 and 30 min.
Prior to performing the discounting tasks, participants were
presented with a list of liquid rewards (e.g., soda, juice, coffee)
and a list of leisure activities (e.g., reading, watching movies,
playing video games) and asked to indicate their favorites to
be used as outcomes. The amount of the preferred liquid re-
ward used as the delayed and probabilistic outcome was
40 units of 350 ml each, and the duration of the preferred
leisure activity was 100 min. Half of the participants in each

Table 1 Group characteristics

Cocaine-
dependent

Marijuana-
dependent

Control

N 77 44 40
Age: Mn (SD) 31.5 (7.0)d 26.4 (6.4) 27.3 (7.3)
Education: Mdn Some HSd Some HSd Some college
Monthly incomea:

Mdn
$2.5K–$4.0K $2.5K–$4.0Kd $4.0–$6.0K

ASSISTb: Mn (SD)
For cocaine 35.3 (6.2) 5.8 (10.4) 0.0 (0.0)
For marijuana 6.3 (10. 9) 33.3 (8.0) 0.08 (0.4)

CAD-20c: Mn (SD) 14.2 (3.2) 13.2 (3.7) –

a In pesos
bMax= 39
cMax= 20
dDiffers significantly from the controls (see text for details)
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group completed the delay discounting tasks first, and the
other half completed the probability discounting tasks first.
Prior to testing on the discounting tasks, participants were
provided with verbal and written instructions, which included
the following statement, BThere are no correct or incorrect
choices. We are interested in the option you would prefer.^

All of the delay and probability discounting tasks used an
adjusting-amount procedure that converges on the amount of
an immediate, certain outcome that is equal in subjective value
to a delayed or probabilistic outcome. The first choice at each
delay or probability always was between a delayed or proba-
bilistic outcome and an immediate, certain outcome that was
one half the amount of the delayed or probabilistic outcome.
For example, when the delayed outcome was a $200 reward in
6 months, the immediate amount on the first choice was $100
now. If a participant chose the immediate outcome, its amount
was decreased by half (i.e., to $50) for the second choice; if
they chose the delayed outcome, the immediate amount was
increased by half (i.e., to $150). For subsequent choices, the
size of the adjustment in the amount of immediate outcome
was half of the previous adjustment (for a detailed description,
see Du et al. 2002).

Discounting tasks For the discounting tasks involving mone-
tary outcomes, participants made five choices at each delay or
probability; for the discounting tasks involving liquid rewards
and leisure activities, participants made four choices at each
delay or probability. For the delay discounting tasks, there were
five delays: 1 week, 1 month, 6 months, 1 year, and 3 years. For
the probability discounting tasks, there were five probabilities,
expressed as the percent chance: 90, 75, 50, 25, and 10 %.

Data analysis The subjective values of the delayed and prob-
abilistic outcomes, estimated using the adjusting-amount pro-
cedure, were expressed as proportions of their actual amounts,
resulting in measures of relative subjective value (e.g., a de-
layed $200 gain with a subjective value of $34 would have a
relative subjective value of 34/200= .17). The decrease in the
relative subjective value of a delayed or probabilistic outcome
as delay or unlikelihood (i.e., odds against) increases is well
described by the hyperboloid function, V=1/(1+bX)S, where
V is the relative subjective value of the delayed or probabilistic
outcome, b is a parameter reflecting the discount rate at which
subjective value decreases as the delay until or the odds
against receiving the outcome increases, X is delay or odds
against, and s is a nonlinear scaling/weighting parameter
(Myerson and Green 1995; for a recent review, see Green et
al. 2014).

For each participant, the area under the discounting curve
(AuC) was used to assess how steeply they discounted each
type of delayed and probabilistic outcome. The AuC measure
of discounting is calculated directly from the empirical
discounting curve (i.e., the observed indifference points) and

provides an atheoretical measure of how steeply an individual
discounts a specific outcome, with .0 indicating the maximum
discounting theoretically possible and 1.0 indicating the min-
imum (Myerson et al. 2001).

In order to evaluate potential group mean differences in the
discounting of delayed outcomes, all participants’ AuCs for
each outcome type were submitted to a 3 (group: marijuana-
dependent, cocaine-dependent, and controls) × 5 (outcome:
$200 gain, $3000 gain, $1500 loss, liquid reward, and leisure
activity) mixed analysis of variance (ANOVA) with outcome
as a repeated measures factor. This analysis was followed by
one-way repeated measures ANOVAs for each outcome type.
When statistically significant effects were obtained, pairwise
comparisons with Bonferroni corrections were used to local-
ize the source of the effect. The same analytic procedure was
used to evaluate potential group differences in probability
discounting of the outcomes and their interaction with the type
of probabilistic outcome involved.

In addition, correlational and factor analyses were used to
examine the relations between AuC measures of discounting
on individual tasks, and follow-up analyses were conducted to
assess group differences in factor scores as well as to assess
the contribution of income differences. Finally, the same ana-
lytic approach used to examine group mean differences on
individual tasks was used to compare discounting by drug-
dependent participants who had severe problems with more
than one kind of drug with those who had severe problems
with only one drug.

Results

Delay discounting For all three groups, the effects of delay on
subjective value were generally well described by hyperboloid
discounting functions (see Fig. 1). A mixed ANOVA on the
delay discounting data (AuCs) revealed main effects of group
and outcome: F(2, 790) = 15.81, p < .001 and F(4,
790)= 31.83, p< .001, respectively. Importantly, the group-
by-outcome interaction also was significant, F(8,
790) = 1.98, p= .046 (see Fig. 2). Planned comparisons re-
vealed that the interaction reflected the fact that there was a
significant difference between the control group and the
cocaine-dependent group (but not the marijuana-dependent
group) for each of the two monetary rewards ($200 gain,
F(2, 158) = 5.08, p = .007; $3000 gain, F(2, 158) = 6.93,
p = .001) as well as the liquid reward (F(2, 158) = 4.48,
p = .013), whereas the control group and the marijuana-
dependent group (but not the cocaine-dependent group) dif-
fered in their discounting of the $1500 loss (F(2, 158)=4.44,
p= .013); there were no differences between the groups in the
discounting of leisure activity (F(2, 158)<1.0). Although the
mean AuCs for the marijuana-dependent group were lower
than those for the controls for the monetary and liquid
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rewards, none of these differences were significant (all
Bonferroni-corrected ps> .244).

Probability discounting The effects of outcome probability
(converted to the odds against the probabilistic outcome) on
subjective value for all three groups also were generally well
described by hyperboloid discounting functions (see Fig. 3).
In contrast to the results for delay discounting, a mixed
ANOVA on the probability discounting data (AuCs) revealed
only a main effect of commodity (F(4, 790)=20.26, p< .001;
neither the effect of group nor the group-by-outcome interac-
tion was significant: F(2, 790)<1.0 and F(8, 790)<1.0, re-
spectively). Planned comparisons revealed that discounting of
the $1500 probabilistic loss differed significantly from the
discounting of each of the other probabilistic outcomes (all

ps < .001). No other significant differences between probabi-
listic outcomes were observed (see Fig. 4).

Correlational and factor analyses In order to examine the
relations among the AuCmeasures for the different discounting
tasks, each participant’s AuCs on each task, both those with
delayed outcomes and those with probabilistic outcomes, were
submitted to correlational analyses. As may be seen in Table 2,
stronger correlations were observed between pairs of tasks that
both involved delayed gains and between pairs of tasks that
both involved probabilistic gains, than between pairs of tasks,
one of which involved a delayed outcome and one of which
involved a probabilistic outcome, or between tasks in which
one involved a gain and one involved a loss.

Fig. 1 Relative subjective value
as a function of delay to the
outcome for the control,
marijuana-dependent, and
cocaine-dependent groups

Fig. 2 Group mean area-under-
the-curve (AuC) for the five
different delayed outcomes for the
control, marijuana-dependent,
and cocaine-dependent groups.
Error bars indicate standard
errors of the mean
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To further examine this pattern of intercorrelations, a factor
analysis (Varimax rotation) was performed. Three significant
factors were obtained that together accounted for 57.2 % of
the standardized variance: a delayed gain factor, a probabilistic
gain factor, and a loss factor on which both the delayed loss and
probabilistic loss tasks loaded strongly (see Table 3). The factor
scores of participants in the two drug-dependent groups then
were compared to the factor scores of participants in the control
group. Consistent with the analyses on the AuCs for the indi-
vidual outcomes, the cocaine-dependent group differed signif-
icantly from the controls on the delayed gain factor
(t(115)=3.53, p< .001) but not on either the probabilistic gain
factor or the loss factor (both ts<1.0). Also consistent with the
previous analyses on the AuCs, the marijuana-dependent group
did not differ significantly from the controls on the delayed gain
factor (t(82)=1.45, p= .151) or the probabilistic gain factor

(t<1.0). Perhaps surprisingly, however, the two groups also
did not differ on the loss factor (t(82)=1.25, p= .213).

Monodrug versus polydrug dependence It may be recalled
that an ASSIST score of 27 or greater indicated drug depen-
dence. Based on this criterion, a number of cocaine-dependent
participants were dependent on two drugs, although in each
case their ASSIST score was higher for cocaine. To evaluate
the effects of polydrug dependence, we compared the 42 par-
ticipants who were dependent on cocaine alone with the 35
cocaine-dependent participants who also scored 27 or greater
for another drug. Of these, 15 were alcohol-dependent, 11
were nicotine-dependent, 7 were marijuana-dependent, 1
was methamphetamine-dependent, and 1 was solvent-
dependent.

Fig. 3 Relative subjective value
as a function of odds against the
outcome for the control,
marijuana-dependent, and
cocaine-dependent groups

Fig. 4 Group mean area-under-
the-curve (AuC) for the five
different probabilistic outcomes
for the control, marijuana-
dependent, and cocaine-
dependent groups. Error bars
indicate standard errors of the
mean
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A mixed ANOVA on the delay discounting data revealed a
main effect of commodity: F(4, 375) = 25.21, p < .001.
Importantly, neither the effect of group (monodrug versus
polydrug) nor the group-by-outcome interaction was signifi-
cant: both Fs < 1.0. A mixed ANOVA on the probability
discounting data revealed similar results: There was a main
effect of commodity (F(4, 375)= 8.28, p< .001), but again
neither the effect of group nor the group-by-outcome interac-
tion was significant (F(1, 375) = 1.92, p = .166 and F(4,
375)=1.25, p= .286). (Of the 44 marijuana-dependent partic-
ipants, only 13 were dependent on a second drug, and this
number did not provide adequate statistical power to compare
monodrug-dependent and polydrug-dependent groups.)

Discussion

The present study compared the discounting of different types
of hypothetical delayed and probabilistic outcomes by
marijuana-dependent individuals, cocaine-dependent

individuals, and controls. For all three groups, the effects of
delay and probability on subjective value were generally well
described by a hyperboloid discounting function. With respect
to delayed outcomes, the cocaine-dependent group (but not
the marijuana-dependent group) discounted both a preferred
liquid reward and monetary gains, but not losses, more steeply
than the control group. In contrast, the marijuana-dependent
group (but not the cocaine-dependent group) discounted de-
layed losses more steeply than controls. No group differences
were observed with respect to the delay discounting of a pre-
ferred leisure activity. There also were no group differences in
the discounting of any type of probabilistic outcome. Finally,
factor analysis revealed three significant factors: a delayed
gain factor, on which all of the tasks involving delayed gains
(and no other tasks) loaded strongly, a probabilistic gain fac-
tor, on which all of the tasks involving probabilistic gains (and
no other tasks) loaded strongly, and a loss factor, on which
only the delayed loss and probabilistic loss tasks loaded
strongly. Taken together, these results are inconsistent with
the view that discounting reflects a general impulsivity trait

Table 2 Correlation matrix

1 2 3 4 5 6 7 8 9 10

1. Delayed liquid 1.000

2. Delayed leisure .353 1.000

3. Delayed $200 .565 .458 1.000

4. Delayed $3K .492 .326 .613 1.000

5. Delayed loss $1500 .027 .107 .157 .126 1.000

6. Probabilistic liquid .218 .125 .149 .181 −.001 1.000

7. Probabilistic leisure .045 .197 .137 .140 .043 .413 1.000

8. Probabilistic $200 .087 .017 .081 .130 −.019 .317 .304 1.000

9. Probabilistic $3K −.070 −.017 −.016 .072 −.112 .226 .312 .532 1.000

10. Probabilistic loss $1500 .059 .099 .069 −.070 .102 −.069 −.013 −.046 −.197 1.000

Table 3 Rotated factor loadings
Delayed gains Probabilistic gains Delayed/

probabilistic loss

Delayed liquid .798 .006 −.023
Delayed leisure .608 .095 .276

Delayed gain $200 .853 .057 .105

Delayed gain $3000 .800 .123 −.095
Delayed loss $1500 .111 .018 .619

Probabilistic liquid .209 .639 .041

Probabilistic leisure .090 .722 .224

Probabilistic gain $200 .031 .756 −.109
Probabilistic gain $3000 −.086 .727 −.321
Probabilistic loss $1500 −.030 −.086 .752

Factor loadings greater than .50 are in bold

Psychopharmacology (2016) 233:2705–2714 2711



that affects all choices involving delayed and probabilistic
outcomes. Rather, differences in discounting appear to be re-
lated to both the type of outcome and the specific drug on
which individuals are dependent.

Delay discounting On average, the men in the cocaine group
discounted delayed monetary rewards more steeply than those
in the control group. This result is in accordance with previous
studies (Bickel et al. 2011; Coffey et al. 2003; Heil et al. 2006;
Kirby and Petry 2004). In addition, the cocaine group showed
steeper discounting of delayed consumable primary rein-
forcers (preferred liquid rewards) than the control group.
Cocaine-dependent individuals did not discount delayed lei-
sure activities more steeply than controls, but these results are
difficult to interpret because individual participants were
allowed to pick their own preferred activity. Individuals also
were allowed to pick their preferred liquid reward, but there
was much less variation in participants’ preferred liquids than
in their preferred activities.

To the best of our knowledge, there has been only one
previous study that compared discounting of nonmonetary
outcomes by drug-dependent individuals with that of controls.
Odum et al. (2002) compared discounting of delayed health
gains and losses by current, ex-, and never-smokers and found
current smokers discounted both kinds of health outcomes
more steeply than never-smokers. However, the present study
is the first to examine discounting of nondrug, nonmonetary
outcomes by cocaine- and marijuana-dependent individuals.

Although the results for the cocaine-dependent group are
consistent with the idea that steep discounting of delayed re-
wards is a characteristic trait of drug users, the results for the
marijuana-dependent group revealed boundary conditions on
this generalization. In the only previous study to compare
discounting by marijuana users and controls, Johnson et al.
(2010) failed to find a significant difference in the discounting
of delayed monetary rewards by marijuana-dependent indi-
viduals and controls who had never used marijuana. The
marijuana-dependent group in the present study also did not
differ significantly from controls in their discounting of de-
layed monetary rewards. Moreover, no differences between
the marijuana-dependent group and the control group were
observed in the discounting of delayed nonmonetary rewards.

Importantly, because the participants in the present study
were drug-dependent, the results strongly suggest that there is
little if any difference in the discounting of delayed rewards by
those who use marijuana but are not dependent on it by clin-
ical standards. It may be recalled that the drug-dependent
groups differed significantly in education from the control
group. However, the drug-dependent groups did not differ
from each other in this regard. Therefore, the fact that only
one drug-dependent group (those dependent on cocaine)
discounted delayed rewards more steeply than controls cannot
be attributed to their lower level of education. Moreover,

although the cocaine-dependent group, on average, was sig-
nificantly older than the control group, older adults tend to
discount less steeply than young adults (Green et al. 1994;
Reimers et al. 2009), and therefore the steeper discounting
of the cocaine cannot be attributed to age.

Interestingly, a quite different pattern of findings was ob-
served with respect to delayed losses than that observed with
delayed gains. Whereas the cocaine-dependent group
discounted delayed gains but not delayed losses more steeply
than controls, the opposite result was observed with the
marijuana-dependent group. Because the marijuana-
dependent group differed from the controls in income, we con-
ducted a follow-up analysis in which the two groups were
equated in this regard by removing those with the lowest level
of income from the marijuana group and those with the highest
level of income from the control group. Importantly, these
groups, which now did not differ significantly in income, nev-
ertheless continued to differ in the discounting of delayed losses
(t(71)=2.42, p= .018). These results, in which thosewho steep-
ly discount gains did not steeply discount losses and vice versa,
provide further evidence against a unitary impulsivity construct
underlying the discounting of delayed outcomes regardless of
whether they involve gains or losses.

It should be noted that substance abuse is a social problem
largely because of its delayed negative personal, social, and
health consequences, consequences that are frequently delayed,
and excessive discounting of delayed losses would appear to be
a plausible mechanism that could lead to drug dependence. It is
somewhat surprising, therefore, that cocaine-dependent indi-
viduals who steeply discount delayed gains do not do so with
respect to delayed losses. In interviews with the participants in
the present study, moreover, cocaine-dependent individuals
consistently reported greater monetary (and nonmonetary) pay-
ments to obtain drugs than marijuana-dependent individuals,
and yet only the marijuana-dependent group showed steep
discounting of monetary losses, although they did not differ
from controls on a loss discounting factor defined by both the
delayed and probabilistic loss discounting tasks. Taken
together, these observations appear inconsistent with a major
causal role for discounting of losses in substance abuse. It may
be recalled, however, that Odum et al. (2002) found that current
smokers discounted delayed health losses more steeply than
never-smokers, and further research on this issue, particularly
studies using nonmonetary losses, is clearly needed.

Probability discounting No group differences were observed
with respect to the discounting of probabilistic outcomes. There
have been very few studies of probability discounting and sub-
stance abuse, and the few previous studies of the discounting of
probabilistic gains by substance abusers have been inconsistent,
even within users of the same substance—nicotine (e.g.,
Mitchell 1999; Ohmura et al. 2005; Reynolds et al. 2004; Yi
et al. 2007). Moreover, the two studies that examined
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discounting of probabilistic losses found no relation between
the probability discounting of monetary losses and the use of
either nicotine (Ohmura et al. 2005) or alcohol (Takahashi et al.
2009). As with the discounting of delayed losses, the
discounting of probabilistic outcomes, and probabilistic losses
in particular, represents a plausible mechanism for substance
abuse, but at least to date, the results do not appear to support
such a mechanism. This may not be surprising, however, given
the considerable evidence indicating that delay and probability
discounting involve separate processes (e.g., Myerson et al.
2003; for a recent review, see Green et al. 2014).

Monodrug versus polydrug dependence To date, only one
study (García-Rodríguez et al. 2013) has examined whether
individuals who regularly use more than one drug differ in
their discounting from those who primarily use a single drug.
Garcia-Rodriguez et al. found no difference in the discounting
of delayed monetary rewards between individuals who were
dependent on both cocaine and nicotine and individuals who
were dependent only on cocaine. However, those who were
dependent on both cocaine and nicotine discounted signifi-
cantly more steeply than those who were dependent only on
nicotine. In order to maintain adequate sample sizes, we com-
pared individuals who were dependent only on cocaine with
those who were also dependent on another drug of any kind,
and no significant differences were observed. Future studies
are needed that compare monodrug-dependent individuals
who are dependent on different drugs (e.g., alcohol, metham-
phetamine) with polydrug-dependent individuals who are de-
pendent on different combinations of drugs.

Implications for treatment Most of the psychological treat-
ments for drug dependence tend to use the same structure and
strategies regardless of the drug involved (e.g., Carroll and
Onken 2005; Dutra et al. 2008; Meyers and Miller 2001).
However, the present finding of different patterns of results
for the marijuana- and cocaine-dependent groups suggests that
which treatment is best may depend on the drug of abuse. For
example, a focus on training self-control strategies (e.g.,
Morrison et al. 2014) may be more effective in treating co-
caine users, whereas a cognitive restructuring approach (e.g.,
Copeland et al. 2001) focusing on the negative consequences
of drug dependence may be more effective in treating mari-
juana users. Other drugs (e.g., nicotine, alcohol), of course,
may call for other treatment strategies.

Although a strong relation between discounting and drug
dependence has been established for a number of drugs (e.g.,
alcohol, cocaine, nicotine), the different patterns of
discounting observed with those dependent on cocaine and
marijuana and controls indicate that even though there often
are commonalities, significant differences exist that may be
able to be exploited in the development of more effective,
drug-specific treatment approaches. Moreover, in light of

reported differences between men and women in risk factors
for substance abuse as well as differences in discounting be-
tween male and female substance abusers (e.g., Lejuez et al.
2007; Myerson et al. 2015; Reimers et al. 2009), it is possible
that the most effective interventions also may differ and re-
search directed towards finding out what works best for whom
and why will be essential.
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