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Abstract

Cocaine dependence and other forms of drug dependence are associated with steeper devaluation 

of future outcomes (delay discounting). Although studies in this domain have typically assessed 

choices between monetary gains (e.g., receive less money now versus receive more money after a 

delay), delay discounting is also applicable to decisions involving losses (e.g., small loss now 

versus larger delayed loss), with gains typically discounted more than losses (the “sign effect”). It 

is also known that drugs are discounted more than equivalently valued money. In the context of 

drug dependence, however, relatively little is known about the discounting of delayed monetary 

and drug losses and the presence of the sign effect. In this within-subject, laboratory study, delay 

discounting for gains and losses was assessed for cocaine and money outcomes in cocaine-

dependent individuals (n=89). Both cocaine and monetary gains were discounted at significantly 

greater rates than cocaine and monetary losses, respectively (i.e., the sign effect). Cocaine gains 

were discounted significantly more than monetary gains, but cocaine and monetary losses were 

discounted similarly. Results suggest that cocaine is discounted by cocaine-dependent individuals 

in a systematic manner similar to other rewards. Because the sign effect was shown for both 

cocaine and money, delayed aversive outcomes may generally have greater impact than delayed 

rewards in shaping present behavior in this population.
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1. Introduction

Delay discounting refers to the devaluation of outcomes as a function of delay to their 

receipt. Delay discounting assessment typically involves repeated choices between receiving 

a smaller monetary reward now versus receiving a larger monetary reward after a delay. For 

example, an individual may show through a series of choices that receiving $500 now would 

be equally valuable to receiving $1000 after a 1-year delay. This person would be said to 

have discounted the $1000 reward by 50% of its value due to the year-long delay. However, 
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rewards (i.e., “gains”) only constitute one valence of an outcome. Delay discounting is just 

as applicable to decisions regarding delayed punishments (e.g., losses). For example, the 

same person may show through a series of choices that losing $800 now would be 

subjectively equivalent to losing $1000 after a 1-year delay. This person would be said to 

have discounted the loss of $1000 by 20% of its value due to the year-long delay. Within the 

context of delay discounting, the “sign effect” refers to the finding that gains are discounted 

at higher rates than are the same magnitude of outcomes framed as losses. The sign effect is 

demonstrated by the individual in our examples above, in which a 1-year delay reduces the 

value of a $1000 gain by 50%, but reduces the value of a $1000 loss by only 20%.

Several studies have shown the sign effect in the discounting of delayed money (Baker, 

Johnson, & Bickel, 2003; Benzion, Rapoport, & Yagil, 1989; Johnson, Bickel, & Baker, 

2007; Loewenstein, 1988; Shelley, 1993; Thaler, 1981). The sign effect has also been 

observed for the discounting of hypothetical delayed health outcomes, that is, when 

comparing the discounting of delayed health gains (choice between receiving a smaller 

duration of health improvement now versus a larger duration of health improvement later) to 

delayed health losses (choice between a smaller duration of diminished health now versus a 

larger duration of diminished health later; Baker et al., 2003; Chapman, 1996; Johnson et al., 

2007; MacKeigan, Larson, Draugalis, Bootman, & Burns, 1993). Delay discounting has 

been widely associated with drug use disorders (Bickel & Johnson, 2003; MacKillop et al., 

2011). While most studies showing the sign effect for money have been conducted in 

individuals whose drug use was not assessed, one study observed the sign effect for delayed 

money in both heavy smokers and never-smoking individuals (Baker et al., 2003). Another 

study assessing delayed monetary discounting showed the sign effect in light smokers 

(Johnson et al., 2007). Yet another study reported a sign effect for monetary delay 

discounting in smokers, but not in a group of detoxified heroin-dependent individuals (gains 

and losses were discounted to a similar extent; Cheng, Lu, Han, Gonzalez-Vallejo, & Sui, 

2012). In addition to monetary and health outcomes, the sign effect has also been 

demonstrated for the discounting of delayed drugs of abuse, that is, when comparing the 

discounting of delayed drug gains (choice between receiving a smaller amount of drug now 

versus receiving a larger amount of drug later) to delayed drug losses (choice between losing 

a smaller amount of drug now versus losing a larger amount of drug later). The only studies 

reporting the sign effect for drug outcomes have assessed discounting of delayed cigarettes 

in heavy (Baker et al., 2003) and light smokers (Johnson et al., 2007).

Delay discounting has also been examined in the context of cocaine use. For example, 

cocaine-abusing or dependent individuals discount delayed monetary gains significantly 

greater than do matched controls (Coffey, Gudleski, Saladin, & Brady, 2003; Heil, Johnson, 

Higgins, & Bickel, 2006; Kirby & Petry, 2004). Moreover, delay discounting of cocaine 

gains has been examined in both humans (Bickel et al. 2011)) and nonhuman primates 

(Anderson & Woolverton, 2003; Woolverton, Myerson, & Green, 2007), showing delay to 

decrease cocaine value. However, the discounting of cocaine losses and the sign effect for 

cocaine discounting remain unevaluated. Determining how individuals respond to both 

future drug rewards as well as future drug losses is important for understanding decision-

making within recovery (requiring the loss of future cocaine). Also, given that heroin-

dependent individuals showed no sign effect in a recent study (Cheng et al., 2012), it would 
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be valuable to know if the reported lack of sign effect for heroin generalizes to cocaine, 

given that both are more stigmatized than tobacco.

The present within-subjects study examined the sign effect in cocaine-dependent volunteers 

by assessing the discounting of delayed cocaine gains and delayed cocaine losses. Moreover, 

the study tested for the presence of the well-established sign effect for monetary outcomes, 

which is important for interpreting the meaningfulness of either the presence or absence of a 

cocaine sign effect. The examination of monetary delay discounting also allowed the study 

to test if the drug is discounted more steeply than an equivalently valued amount of money, 

another well-established finding that would confirm the validity of study results.

2. Methods

2.1. Participants

Volunteers participated in one of two previous studies assessing an operant delay-

discounting procedure (Johnson, 2012) or a novel task examining delay discounting of 

hypothetical sexual rewards (Johnson & Bruner, 2012). Participants were 89 individuals 

aged 18–65 from the Baltimore/Washington, D.C. area who met DSM-IV criteria for 

cocaine dependence as assessed by a DSM checklist (updated for DSM-IV; Hudziak et al., 

1993). Twenty-seven participants (30.3%) were female. Seventy-six participants were 

African American, 11 were Caucasian, 1 was Asian American, and 1 identified as biracial. 

No participants met criteria for current dependence on drugs other than cocaine (excluding 

nicotine). Participants had not received psychiatric treatment in the past six months. Other 

demographics are listed in Table 1. Volunteers were monetarily compensated for 

participation.

2.2. Procedure

A phone screen was conducted to collect demographic information and exclude individuals 

with a reported history of psychiatric disorders. Participants who initially qualified for the 

study were invited to participate in an in-person screening, where they provided informed 

consent, provided a urine sample to test for abused drugs, completed the Quick Test (verbal 

intelligence; Ammons & Ammons, 1962), and provided demographic and drug use history 

information. If participants qualified they were invited to immediately take part in the study. 

Cigarette smokers were given a 10-min smoking break every two hours (between tasks) 

during the screening and session to minimize the effects of nicotine withdrawal on outcome 

measures. Tasks were not completed until at least 20 min after smoking to avoid peak 

nicotine plasma concentrations (Benowitz, Porchet, Sheiner, & Jacob, 1988).

During the session, participants completed four delay-discounting tasks in a randomized 

order. Two of the discounting tasks assessed discounting of hypothetical delayed monetary 

gains and losses, and the other two tasks assessed discounting of hypothetical delayed 

cocaine gains and losses. Discounting tasks were administered using a PC in an isolated 

room, with a research assistant present to coordinate the tasks. Participants also completed 

other tasks not relevant to the current analyses. All procedures were approved by the Johns 

Hopkins Medicine Institutional Review Boards.
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2.2.1. Monetary discounting task—The delay-discounting task used in the present 

study was based on that used in previous discounting studies (Baker et al., 2003; Heil et al., 

2006; Heinz, Peters, Boden, & Bonn-Miller, 2013; Johnson & Bickel, 2002; Johnson et al., 

2007; Johnson et al., 2010; Yi et al., 2008). During the task, participants made a series of 

choices between receiving a non-adjusting larger later outcome ($100) versus an adjusting 

smaller immediate outcome. The magnitude of the smaller immediate option was adjusted 

across trials until an indifference point was determined (i.e., the point at which a participant 

was indifferent between the smaller immediate option and the larger later option).

The computer varied the smaller immediate option amount according to a double-limit 

procedure developed by Richards, Zhang, Mitchell, and de Wit (1999). The computer 

randomly selected an amount for the smaller immediate option, in adjustment increments of 

2% of the larger later amount, from within a range set by two outer limits. These limits 

adjusted so that the smaller immediate option converged upon an indifference point. An 

important aspect of the double limit procedure is that any single erroneous response will not 

result in the determination of an indifference point. If the most recent response was 

inconsistent with previous responses, then the appropriate limits were reset. When the 

difference between the upper and lower limits was equal to 2% of the larger later amount, 

the current smaller immediate amount was recorded as the indifference point. Once an 

indifference point was determined, the larger later option was delayed further and the 

adjustment procedure was repeated. Discounting was assessed at seven delays: 1 day, 1 

week, 1 month, 6 months, 1 year, 5 years, and 25 years.

Discounting was also assessed for monetary losses (Baker et al., 2003; Johnson et al., 2007). 

The procedure was identical to that described above for monetary gains, but participants 

chose between losing a smaller immediate amount of money immediately or a larger amount 

of money after the delay. An example of a choice trial presented in this condition was: “Lose 

$50 now” versus “Wait 1 month and then lose $100.”

2.2.2. Cocaine discounting task—Prior to the task, participants were asked to report 

the number of cocaine units (crack rocks or vials of powdered cocaine, whichever form was 

most often used by the participant) they could obtain for $100. The research assistant asked 

the participant the following question:

How many nickels of [crack rocks/vials of powder cocaine] can you buy for $100, 

using the price that you normally pay for [crack/powder cocaine]? By nickel [crack 

rocks/vials of powder cocaine], we mean the amount of [crack/powder cocaine] 

you can normally buy for $5 in the Baltimore area. You might or might not be able 

to get nickel [crack rocks/vials of powder cocaine] for less than $5 depending on 

such factors as whether you buy it in large amounts at a time, or if you know 

somebody who can sell it to you at a good discount.

The research assistant assisted the participant in determining mathematically their response 

to the prompt, using a calculator as needed. This number was designated as the amount of 

cocaine subjectively equivalent to $100 for that individual participant. The participant then 

completed a task that assessed the delay discounting of that amount of cocaine.
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The cocaine discounting task was modeled after the present monetary discounting task, as 

with previous tasks assessing cigarette discounting (Baker et al., 2003; Johnson et al., 2007) 

and cannabis discounting (Johnson et al., 2010). The cocaine gains task was identical to the 

monetary gains task, except participants were asked to make several hypothetical choices 

between a smaller adjusting amount of cocaine delivered immediately versus the amount of 

cocaine determined to be equivalent to $100 delivered after a delay. The magnitude of the 

smaller immediate option was adjusted across trials until an indifference point was 

determined using the same algorithm as for monetary discounting that is described above, 

with the exception that the smaller sooner amounts of cocaine were adjusted in increments 

of “nickel” crack rocks or “nickel” vials of powder cocaine. Discounting for cocaine losses 

was assessed with a task identical to the cocaine gains task, with the exception that 

participants chose between losing a smaller immediate amount of cocaine immediately and a 

larger amount of cocaine after a delay. As in the monetary discounting task, the delay to the 

larger outcome ranged from one day to 25 years.

2.3. Data analysis

Indifference points corresponding to each of the four sign-commodity conditions were 

calculated as a proportion of the larger later amount and fitted by the hyperbolic decay 

model (Mazur, 1987) using nonlinear regression (GraphPad Prism version 6.03 for 

Windows, GraphPad Software, La Jolla, CA):

(1)

In Equation 1, the indifference point is expressed as proportion of the larger later reward, D 

is the delay to the larger later amount, and k is a free parameter serving as the discounting 

rate. In the nonlinear regression, D was coded in the unit of days (i.e., 1, 7, 30, 182.5, 365, 

1825, and 9125 days). Therefore, resulting k values carried the units of days−1 (Johnson & 

Bickel, 2002). Distributions of rates were non-normally distributed and were log10 

transformed prior to analysis, which improved normality.

Repeated-measures analysis of variance (ANOVA), using Commodity (money, cocaine) and 

Sign (gains, losses) as within-subject factors, compared log k values across the four 

conditions (PASW Statistics for Windows, Version 18.0). Each log k value takes into 

account all 7 delays for a specific commodity and sign (i.e., money gains, cocaine gains, 

money losses, or cocaine losses). Log k values, therefore, describe the general steepness of 

discounting across all delays for each commodity and sign condition. Therefore, the 

ANOVA comparing conditions did not include Delay as a repeated measure. Paired t-tests 

were used to investigate differences in the event of a significant interaction between the two 

factors. Goodness-of-fit to Equation 1 was assessed with root mean squared error (RMSE). 

Although R2 is often used to index goodness-of-fit in discounting studies, this method is 

inappropriate because R2 values have been shown both empirically and by deductive logic to 

be confounded with discounting rate itself (Johnson & Bickel, 2008).
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3. Results

Delay discounting data appeared reasonably orderly. Mean RMSE values were 0.14 (SD = 

0.08) for cocaine gains, 0.18 (SD = 0.14) for cocaine losses, 0.18 (SD = 0.09) for monetary 

gains, and 0.18 (SD = 0.14) for monetary losses. These RMSE values are relatively low and 

comparable to published data (e.g., Kirby & Santiesteban [2003] for monetary gains 

discounting; Jarmolowicz, Bickel, & Gatchalian [2013] for monetary and non-monetary 

gains discounting).

Figure 1 shows mean (SEM) log k for each of the four conditions. Lower log k values denote 

less discounting. Losses were discounted less than gains for both cocaine and monetary 

outcomes. The difference between gains and losses was larger for cocaine than for money. 

Between commodities, cocaine gains were discounted more than monetary gains. However, 

for losses, money and cocaine were discounted similarly. These effects are also reflected in 

the mean log k values. Mean log k for cocaine gains was −0.71 (SD = 1.22), and mean log k 

for cocaine losses was −2.54 (SD = 1.92). Mean log k for monetary gains was −1.63 (SD = 

1.20), and mean log k for monetary losses was −2.28 (SD = 1.84).

Statistical analysis supported the effects described above. Repeated-measures ANOVA 

showed a significant main effect of Sign, F(1, 88) = 45.35, p < .0001, ηp
2 = .34, with lower 

log k values (less discounting) for losses than gains. There was also a significant main effect 

of Commodity, F(1, 88) = 9.97, p = .01, ηp
2 = .07, with lower log k values for monetary 

outcomes than for cocaine outcomes. However, these main effects should be interpreted 

with caution because of the presence of a significant interaction between Sign and 

Commodity, F(1, 88) = 31.31, p < .0001, ηp
2 = .18.

In exploration of the simple effects contributing to this interaction, paired t-tests showed a 

significant sign effect (i.e., log k for losses < log k for gains) for each commodity when 

analyzed individually (cocaine: t[88] = 7.87, p < .0001; money: t[88] = 2.93, p < .01). When 

examining each sign individually, log k values for monetary gains were significantly lower 

than log k values for cocaine, t(88) = 6.99, p < .0001. However, there was no significant 

difference between log k values for monetary and cocaine losses (p = .25). These mixed 

results in terms of commodity differences (or lack thereof) for each sign accounts for the 

significant interaction in the ANOVA.

4. Discussion

We systematically examined the sign effect (greater discounting of gains compared to 

losses) for cocaine and monetary outcomes among cocaine-dependent individuals. Three 

major conclusions were drawn from the results. First, cocaine gains were discounted more 

than cocaine losses. Second, monetary gains were discounted more than monetary losses. 

Third, cocaine was discounted more than money for gains, but similarly for losses. Each 

conclusion will be discussed with regard to theoretical and clinical implications.

The first finding was that cocaine gains were discounted more than cocaine losses. In other 

words, cocaine-dependent individuals showed a relative preference for losing a smaller 

amount of cocaine now rather than losing a larger amount of cocaine after a delay. In 
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contrast, the same participants showed a relative preference for accepting a smaller amount 

of cocaine reward now rather than receiving a larger cocaine amount after a delay. These 

findings are consistent with previous reports examining the sign effect in the discounting of 

a drug. In particular, heavy cigarette smokers discounted delayed cigarette gains to a greater 

degree than cigarette losses (Baker et al., 2003) and light smokers showed the same effect 

(Johnson et al., 2007). These studies and the present study suggest that future losses of a 

drug are weighed heavily by dependent participants. Subjectively overweighting drug loss 

may be one behavioral mechanism dissuading the addicted individual from quitting their 

drug of choice, seeking treatment, or successfully remaining abstinent during or after a 

course of treatment.

A second finding was that monetary gains were discounted more steeply than monetary 

losses. This finding is consistent with studies showing the sign effect for monetary 

consequences in populations not selected for drug dependence and in cigarette smokers 

(Baker et al., 2003; Benzion et al., 1989; Cheng et al., 2012; Johnson et al., 2007; 

Loewenstein, 1988; Shelley, 1993; Thaler, 1981), suggesting that cocaine-dependent 

individuals do not differ from these other populations with respect to this behavioral 

process. Moreover, the observation of the sign effect for both cocaine and money in the 

present study suggests the sign effect is a general pattern in this population, and not an effect 

isolated to one type of commodity. These results suggest that delayed aversive outcomes 

may generally have greater impact than delayed rewards in shaping present behavior in 

cocaine-dependent individuals. A sign effect for money in a cocaine-dependent sample 

differs, however, with findings of a recent study in heroin-dependent individuals (Cheng et 

al., 2012). One possibility is that heroin-dependent individuals differ along this dimension 

from other marginalized groups of drug users such as cocaine-dependent individuals. 

Although the heroin study was conducted in China and the present study was conducted in 

the United States, cultural or currency differences do not likely account for these divergent 

findings because Cheng et al. did show a sign effect for money in cigarette smokers (a 

comparison group).

Finally, we observed that cocaine was discounted more than money for gains, but not for 

losses. Cocaine and money losses were discounted similarly. The difference between 

commodities for gains is consistent with several studies reporting drugs to be discounted 

more than money (Baker et al., 2003; Bickel, Odum, & Madden, 1999; Coffey et al., 2003; 

Estle, Green, Myerson, & Holt, 2007; Johnson et al., 2007; Johnson et al., 2010; Madden, 

Petry, Badger, & Bickel, 1997; Odum & Baumann, 2007; Odum & Rainaud, 2003; Petry, 

2001). However, studies have demonstrated that this pattern is not a special property of 

drugs, but is rather a difference between money and consumable rewards (Estle et al., 2007; 

Odum & Baumann, 2007; Odum, Baumann, & Rimington, 2006; Odum & Rainaud, 2003). 

Regardless, observing this frequently reported effect validates other findings from the study. 

On the other hand, the finding that money was discounted at a similar rate compared to 

cocaine for losses differs from the few previous studies comparing drug gains and losses. 

That is, both heavy and light smokers were shown to discount cigarette losses more than 

monetary losses (Baker et al., 2003; Johnson et al., 2007). If future research confirms the 

present results comparing losses between cocaine and money, then this finding may 
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represent a difference in decision making between cigarette smokers and cocaine-dependent 

populations.

One limitation of the study is that hypothetical outcomes were utilized. However, several 

studies have shown similar results with real and hypothetical delay discounting rewards 

(Baker et al., 2003; Bickel, Pitcock, Yi, & Angtuaco, 2009; Johnson & Bickel 2002; 

Johnson et al., 2007; Lawyer, Schoepflin, Green, & Jenks, 2011; Madden, Begotka, Raiff, & 

Kastern, 2003; Madden et al., 2004; c.f., Hinvest & Anderson, 2010; Paloyelis, Asherson, 

Mehta, Faraone, & Kuntsi, 2010). However, the possibility remains that the validity of 

hypothetical outcomes does not extend to the discounting of drug outcomes or monetary 

losses. Another limitation of the present study is that the sign effect was only examined for a 

single magnitude ($100 or its cocaine equivalent). Results could differ at other magnitudes.

In conclusion, the present study observed that the sign effect, a commonly reported finding 

in delay discounting research, extends to cocaine-dependent individuals, both in terms of 

their discounting of delayed cocaine and monetary outcomes. The results suggest that 

delayed aversive outcomes may generally have greater impact than delayed rewards in 

shaping present behavior in cocaine-dependent individuals. Relative preference between 

drug and monetary gains and losses should be taken into account when considering choices 

made by cocaine-dependent individuals, particularly in the context of decisions to seek 

treatment and achieve and maintain abstinence from cocaine.
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Figure 1. 
Mean (SEM) discounting rate (log k) for each of the four conditions. Lower log k values 

denote less discounting. Values of k carried the units of days−1. * p < .01; ** p < .0001
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Table 1

Demographic and drug use characteristics of participants.

Demographic Mean (SD)

Age (years) 47.8 (8.1)

Education (years) 12.5 (1.6)

Monthly income ($) 738 (615)

Quick Test intelligence score a 39.0 (4.4)

Cigarettes smoked per day 7.9 (7.9)

Money spent on cocaine per week ($) 186 (165)

a
max=50; adult norms: M=41.4, SD=6.0 (Ammons & Ammons, 1962)
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