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Abstract

Background—Delay discounting refers to the devaluation of a reward given increasing delays to 

delivery. Similarly, effort discounting refers to the devaluation of a reward given increasing effort 

required to obtain it. Individuals with substance use disorder show higher rates of delay 

discounting, exacerbating short-term positive reinforcement at the expense of long-term 

consequences. This study explores how effort discounting compares to delay discounting behavior 

among alcohol users as well as how these preferences change between monetary and alcohol 

rewards.

Methods—100 participants completed an online survey through Amazon Mechanical Turk. 

Participant alcohol use was evaluated using DSM 5 and AUDIT criteria. All participants 

completed four randomized discounting tasks involving delay or effort discounting, in which the 

reward was money or alcohol. A follow-up experiment (n = 423) added the alcohol purchase task 

to assess alcohol valuation.

Results—Individuals with greater alcohol use disorder (AUD) severity discounted future money 

and alcohol significantly more than those with less AUD. However, individuals meeting more 

DSM-5 criteria were only willing to perform more effort for alcohol. The follow-up experiment 

replicated these findings and demonstrated that individuals with greater AUD also showed an 

increased valuation of alcohol and alcohol value mediated effort discounting.

Conclusions—These results suggest that individuals with greater AUD were less willing to wait 

for money or alcohol. While all participants were willing to work for money regardless of AUD 

severity, individuals with greater AUD showed increased valuation of alcohol drinks and were 
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willing to exert more effort to obtain alcohol. Together, these results paint a picture of individuals 

with increased AUD as both more impulsive and willing to work to obtain alcohol, contributing to 

our understanding of decision-making among individuals who abuse substances.
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Effort Discounting; Delay Discounting; Behavioral Economics; Decision-Making; Alcohol Use 
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INTRODUCTION

Understanding decision-making and why individuals make certain choices is a growing, 

multifaceted avenue of research. One type of decision-making, delay discounting, refers to 

the rate of devaluation of a reward anticipating delayed receipt of that reward. That is, an 

individual with a high rate of delay discounting behavior is more likely to choose a small 

reward sooner than wait for a larger reward later. Some researchers have suggested that 

delay discounting is a personal trait that may play a role in negative decision-making across 

a number of maladaptive behaviors (Odum, 2011, Bickel et al., 2012, Bickel, 2015). 

Furthermore, numerous studies have shown that individuals who are dependent on 

substances have increased delay discounting (Bickel and Marsch, 2001, Yi et al., 2010, 

MacKillop et al., 2011, Amlung et al., 2017). In particular, individuals with alcohol use 

disorder have been shown to have greater discounting rates for money and alcoholic rewards 

compared to individuals without alcohol abuse (Petry, 2001). In fact, delay discounting has 

been proposed as a behavioral marker for not only identifying current substance use and 

assessing severity, but also predicting future use and treatment outcomes (Bickel et al., 

2014). Although delay discounting and substance use disorder has been relatively well-

studied, less is known about substance abuse and effort discounting.

Consistent with delay discounting, effort discounting refers to the rate of devaluation of a 

reward with increased amount of effort required to obtain that reward. Therefore, an 

individual exhibiting higher effort discounting would be less likely to make choices 

requiring larger amounts of effort, and instead prefer a smaller reward for zero or little effort. 

Conversely, individuals with lower effort discounting would be more willing to engage in 

work to obtain certain rewards. Some studies have suggested that alteration of neuronal 

pathways, via hormones or lesions, can alter effort discounting preferences in animal models 

(Denk et al., 2005, Walton et al., 2002). For example, one study showed that rats who 

previously chose to climb a barrier to obtain a large reward, chose a smaller reward with no 

barrier after surgical lesions to the medial front cortex. These choices could further be 

altered by lowering the barrier or increasing the reward in the large reward option (Walton et 

al., 2002), suggesting that an insult to an organism’s brain (e.g., lesions or chronic alcohol 

administration) may alter effort-based decision-making preferences.

Effort discounting occurs with multiple types of tasks in a wide range of participants, and 

devaluation of a reward can result from both physical or mental effort (Ostaszewski et al., 

2013). For example, one study found that healthy young adults discounted more steeply on 

an effort discounting task of typing strings of letters backwards when sleep deprived, 
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however they demonstrated no change in their delay discounting rates. These results 

suggested to the authors that delay and effort discounting have differing underlying 

mechanisms (Libedinsky et al., 2013). Consistently, deprived cigarette smokers 

demonstrated increased effort discounting preferring immediately available cigarettes over 

effort to obtain $10, whereas delay discounting preferences for monetary rewards did not 

change (Mitchell, 2004). Although possibly acting through differential mechanisms, several 

studies have suggested a positive relationship between effort and delay discounting 

(Mitchell, 1999, Botvinick et al., 2009). While one study did not find differences in effort 

discounting for a monetary reward between regular smokers and non-smokers (Mitchell, 

1999), to our knowledge effort discounting has not been demonstrated in individuals with 

alcohol use disorder.

The present set of experiments sought to assess how individuals with alcohol use disorder 

discount monetary and alcohol rewards when they were either delayed or required effort to 

obtain them (i.e., typing words), and how their discount rates in those conditions differ on a 

AUD use severity continuum. We hypothesized that discounting rates in both delay and 

effort discounting tasks, for both money and alcohol, would be higher in individuals with 

greater severity of alcohol use disorder.

EXPERIMENT 1

Experiment 1 aimed to explore whether individuals who abuse alcohol have different effort 

discounting than individuals with less alcohol use. If so, we wanted to understand how this 

behavior compared to delay discounting and whether or not effort discounting changes with 

different commodities (i.e., money or alcoholic beverages).

Methods

Participants—A total of 100 participants, who were U.S. registrants of Amazon 

Mechanical Turk, completed this study. Eligibility requirements included being at least 18 

years old, being located in the United States, and having a human intelligence task (HIT) 

approval rating of at least 90 percent. Participants also completed two prescreening 

questions to determine eligibility. Inclusion criteria required that participants, 1) report 

drinking alcohol and 2) were not an employee at Virginia Tech.

Three validation questions were included throughout to ensure thoughtful responses. To be 

included in the final dataset, participants needed to correctly answer at least two out of three 

validation questions. These validation questions involved 1) typing out a 50-word sample 

prompt provided to them, 2) recalling the number of words on a standard, double-spaced 

page, and 3) answering for the immediate option when asked to choose between $100 now 

versus $50 in three weeks. All three of these questions were reasonably answerable if the 

participants were attending to the survey and reading carefully. For example, participants 

were reminded on each page of the effort discounting tasks that the number of words on a 

double-spaced sheet of paper was approximately 250. For the third to last set of questions in 

the survey, we asked participants to recall that number; their response was considered 

correct if they were within 50 words (i.e. 200–300 words). None of the participants needed 
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to be removed based on these criteria. No personally identifiable data were collected. This 

study was reviewed and approved by the Virginia Tech Institutional Review Board.

Procedures—Participants provided general demographic information (age, gender, 

education, income, and race), then completed questionnaires and tasks described below.

Tasks—Alcohol use: All participants answered questions regarding their alcohol use from 

the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM 5) (American 

Psychiatric Association, 2013) and the Alcohol Use Disorders Identification Test (AUDIT) 

(Saunders et al., 1993) to assess alcohol use disorder criteria and misuse, respectively. 

Although it is recommended to evaluate DSM 5 criteria in an interview setting with a trained 

professional, in order to assess these criteria through mTurk, participants provided a 

response to each criteria online. Supplement 1 provides the language for each of the DSM 5 

criteria used. The total number of “yes” responses indicated met DSM 5 criteria, with more 

indicating greater alcohol use severity.

Computer use: Participants answered a total of seven questions regarding their computer use, 

including participant’s number of hours typically spent using a computer each day, whether 

their work required the use of a computer, the participant’s self-rated typing speed, their 

self-rated typing proficiency, how many fingers they use to type, the kind of keyboard they 

typically use, and self-report of any motor impairment or illness that limit their ability to 

type. Participants were asked to type a short paragraph, which was provided within the 

survey. After this task, participants were notified that the text consisted of 50 words, which 

served as a reference for later tasks.

Discounting tasks: All participants completed each of the following tasks, provided in a 

randomized order.

1. Delay discounting for monetary reward: Participants completed a 5-trial 

adjusting delay task, which is a rapid (5 trial) task used to assess a participant’s 

delay discounting rate (Koffarnus and Bickel, 2014). The first choice presented 

the option of receiving $50 now or $100 in 3 weeks. The participant’s response 

to this question adjusted the time delay in the next trial, while the dollar amount 

of both rewards remained the same. The participants’ choice on the final trial 

determined their ED50 and ln(k) value (Koffarnus and Bickel, 2014).

2. Effort discounting for monetary reward: We adapted the 5-trial adjusting delay 

task by converting each hour in the delay discounting task into one word that 

participants would hypothetically have to type (i.e., effort) to receive a reward 

(e.g. a one hour delay was equivalent to typing one word; a one day delay was 

equivalent to 24 words, etc.). As a result, the first question presented the option 

of receiving $50 for typing zero words or $100 for typing 504 words. For 

reference, participants were asked to actually type a 50 word excerpt of text (see 

above) from which they could extrapolate the effort required. Additionally, we 

provided text noting that one standard, double-spaced page typically contains 

about 250 words, 10 pages contain 2,500 words, etc.
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3. Delay discounting for alcohol reward: This task mirrored the delay discounting 

for monetary reward task, however participants were asked to choose between 

receiving a smaller amount of alcohol now, or a larger amount of alcohol after 

some delay. During an “Alcohol use” portion of the survey, we asked participants 

how many standard size alcoholic beverages they considered to be equivalent in 

value to $100. The number of drinks they selected and half this value were 

utilized as the participant’s reward options for the task. For example, if a 

participant said that 20 alcoholic drinks were equivalent to $100, the first 

question in this task presented participants the choice between receiving 10 

drinks now or 20 drinks in 3 weeks.

4. Effort discounting for alcohol reward: This task combined the adaptations from 

the effort discounting for monetary reward task and delay discounting for alcohol 

reward. That is, the amount of drinks offered as a reward in this task was based 

on the participant’s response regarding how many alcoholic beverages are 

equivalent to $100 (as described in the “delay discounting for alcohol reward” 

task above). However, instead of a delay, the participants were asked to indicate 

their preference for the amount of effort they would perform to obtain the drinks. 

For example, if participants said that 20 alcoholic drinks were equivalent to 

$100, the first question in this task would present the choice of receiving 10 

drinks for typing zero words or 20 drinks for typing 504 words.

Overall, these discounting tasks were designed to be comparable to one another. For 

example, we adjusted the number of words participants would have to hypothetically type in 

the effort discounting task to proportionally match the rate of change in the delays of the 

delay discounting tasks. That is, words typed were equivalent to hours of delays. Of note, the 

ln(k) value for the five-trial adjusting delay discounting tasks is derived on a scale of days 

(Koffarnus and Bickel, 2014), while our effort discounting task used a scale of hours. 

Therefore, to equate the scales for data analysis, we adjusted the ED50 value output in the 

delay discounting tasks, by multiplying by 24 to make the ln(k) values comparable across 

tasks.

Data analysis—DSM 5 scores were calculated by summing the “yes” responses from the 

11 DSM 5 criteria for alcohol use disorder (AUD) (American Psychiatric Association, 

2013). Discounting rates (ln(k)s) were compared to DSM 5 scores using Pearson 

correlational analysis. DSM 5 scores were also correlated with AUDIT scores to check for 

consistency. Analyses were conducted using GraphPad Prism 7 (GraphPad Software, La 

Jolla, California, USA) and R Core Team (2017).

Results

Figure 1 summarizes the results of this study, showing Pearson correlations between the four 

discounting tasks and DSM 5 scores. Individuals with higher DSM 5 scores, and therefore, 

greater AUD severity, discounted future monetary rewards significantly more than those 

with lower DSM scores (r = 0.41; p < 0.0001; Panel A). No significant relationship emerged 

between DSM 5 scores and effort for monetary rewards (r = 0.07; p = 0.52; Panel B). When 

the reward was alcohol, users with higher DSM scores showed greater delay discounting (r = 
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0.33; p < 0.001; Panel C). However, when the reward was alcohol for hypothetical effort, 

individuals with higher DSM scores and more AUD had less effort discounting (r = −0.25; p 

= 0.01; Panel D), suggesting that they would be more willing to type many words to receive 

more beverages.

Table 1, expands on these results, showing the Pearson r correlation values between the 

discounting tasks and DSM 5 as well as AUDIT scores. Consistent with the relationship to 

DSM 5 criteria, delay discounting for money and alcohol was positively correlated with 

AUDIT scores, while effort discounting was negatively correlated with AUDIT. No 

statistically significant relationship was observed between effort discounting for money and 

AUDIT, suggesting a robust effect of alcohol use severity impacting delay and effort 

discounting differentially.

When comparing across discounting task types, an unpaired t-test revealed that participants 

discounted alcoholic beverages more than money as a reward (p = < 0.0001). That is, 

overall, participants were more willing to work or wait for money than they were for 

alcohol, suggesting a difference in commodities.

Discussion

Experiment 1 found that participants with greater AUD severity demonstrate increased delay 

discounting for monetary rewards. This finding is consistent with previous studies and meta-

analyses that have found increased delay discounting, suggesting greater impulsivity and 

loss of control, in populations who abuse substances (Bickel and Marsch, 2001, Reynolds, 

2006, MacKillop et al., 2011, Amlung et al., 2017). Additionally, individuals with greater 

alcohol use severity showed increased delay discounting when alcohol was offered as a 

reward, suggesting that this behavior persists across commodities. This finding is also 

consistent with existing literature that has shown that individuals with alcohol dependence 

are more impulsive and show higher discounting rates for both money and alcoholic drinks 

compared to control populations (Petry, 2001). Moreover, these individuals also 

demonstrated steeper discounting for alcohol over monetary rewards replicating the 

commodity effect (Bickel et al., 1999, Madden et al., 1999).

Two novel findings in this experiment, however, were that 1) DSM 5 and AUDIT scores, and 

therefore AUD severity, was not significantly correlated with effort discounting for monetary 

rewards; individuals across alcohol use levels were similarly willing to work (i.e., 

hypothetically type words) for money, and 2) DSM 5 and AUDIT scores were negatively 

correlated with alcohol effort discounting, meaning that individuals with greater AUD 

severity were more willing to work when the reward was alcohol. These findings suggest 

that populations who abuse substances demonstrate different effort discounting behaviors 

between commodities, with increased willingness to work for their drug of choice. This 

theme of differential discounting preferences across different commodities is reflected in 

another study that found that smokers who abstained from nicotine for 24 hours had 

increased impulsive decision-making for drug-related choices, but did not show the same 

changes with monetary-related choices (Mitchell, 2004).
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EXPERIMENT 2

A question emerged that perhaps an individual is more willing to work for alcoholic drinks, 

if his or her perceived value of those drinks is higher. To answer this question, behavioral 

economic demand can be used to measure alcohol valuation (Hursh, 1984, Hursh and 

Silberberg, 2008, Murphy and MacKillop, 2006). The hypothetical alcohol purchase task is 

often used to assess individual’s demand for alcohol (MacKillop et al., 2010, Murphy and 

MacKillop, 2006). The alcohol purchase task-generated demand curve offers specific 

information about demand for alcohol, including initial consumption for a commodity at no 

cost to the subject (Q0) and sensitivity in purchasing a commodity with increasing price 

(alpha) (Hursh, 1984, Hursh and Silberberg, 2008). In Experiment 2, we repeated 

Experiment 1 with identical procedures with the addition of a hypothetical alcohol purchase 

task to assess the extent to which alcohol valuation was associated with willingness to 

expend effort to obtain alcoholic drinks.

Methods

A total of 423 participants completed the survey conducted on Amazon’s mTurk. Of these 

subjects, four participants were removed from the data for not successfully answering at 

least two out of three validation questions (see Methods of Experiment 1). Experiment 2 

used the same protocol and survey as Experiment 1, with the addition of an alcohol purchase 

task. Eight additional participants were removed from the analysis based on exclusion 

criteria for the alcohol purchase task (Stein et al., 2015), resulting in a total of 411 

individuals who were used in the final analysis of this experiment.

Alcohol Purchase Task: Participants were asked to imagine being in a bar with their friends 

from 9 PM to 2 AM to see a band. In this scenario, they were asked how many standard-

sized alcoholic beverages they would purchase for the night at increasing prices (Murphy et 

al., 2009). The proposed drink prices increased with each subsequent question (i.e., $0, 0.31, 

0.63, 1.25, 2.50, 5, 7.50, 10, 15, 20, 40, 80, 160).

Data analysis—The correlational analyses were conducted identically to Experiment 1. 

That is, DSM scores were again calculated by summing the results from the 11 DSM 5 

criteria for alcohol use disorder (AUD) (American Psychiatric Association, 2013). 

Discounting rates (ln(k)s) were compared to DSM 5 scores using Pearson correlational 

analysis. Results were further correlated with AUDIT scores to check for consistency. 

Alcohol purchase task data was analyzed by fitting the data to the exponentiated demand 

model (Koffarnus et al., 2015) and individual Q0 and alpha scores were obtained. Analyses 

were conducted using GraphPad Prism 7 (GraphPad Software, La Jolla, California, USA) 

and R Core Team (2017).

Mediation analysis—Mediation analyses were conducted using practices outlined in 

MacKinnon et al (MacKinnon et al., 2007). Briefly, a mediating effect requires the following 

three linkages: 1) the independent variable (X) predicts the dependent variable (Y), 2) the 

independent variable predicts the mediator variable (M), and 3) when the dependent variable 

is regressed on both the independent and mediator variables, the mediator is a significant 

predictor of the dependent variable while the independent variable’s prediction is reduced 
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(Baron and Kenny, 1986, MacKinnon et al., 2007). Here, we performed two separate 

mediation analyses to test the mediating effect of demand on the relationship between AUD 

(X) and effort discounting (Y). In one analysis, we used Q0 as a representation of demand 

intensity; in a separate analysis we used alpha to represent demand elasticity. The mediation 

analyses were performed using the lavaan package in R (Rosseel, 2012). All results from the 

mediation analyses were reported as standardized estimates.

Results

Figure 2 replicates the findings from Experiment 1 showing the correlations between the 

four discounting tasks and DSM 5 criteria. Individuals meeting more DSM 5 criteria, and 

therefore greater AUD severity, had greater delay discounting for money (r = 0.16; p = 

0.001; Panel A). No significant relationship emerged between DSM score and effort 

discounting for a monetary reward (r = −0.06; p = 0.22; Panel B). Participants with greater 

DSM 5 criteria also showed increased delay discounting for alcohol (r = 0.28; p < 0.0001; 

Panel C). However, DSM 5 criteria were again negatively associated with effort discounting 

for alcohol, meaning individuals with greater AUD would be more willing to work for 

alcohol (r = −0.15; p = 0.002; Panel D). Overall, these results are consistent with the 

findings presented in Experiment 1.

Table 2 expands on these findings by summarizing the Pearson r values from the correlation 

analyses of the discounting tasks, DSM 5 criteria, AUDIT scores, and demand parameters 

(Q0 and alpha). As in Experiment 1, the AUDIT scores also replicated the results of the 

DSM 5 criteria. Both demand parameters, Q0 and alpha, were significantly correlated with 

alcohol use severity. That is, Q0 (how many drinks an individual would hypothetically 

purchase if they were free), was positively correlated with both DSM 5 criteria (r = 0.37; p < 

0.0001) and AUDIT scores (r = 0.43; p < 0.0001). Moreover, alpha (a measure of an 

individual’s sensitivity to increasing price) was negatively correlated, as expected, to both 

DSM 5 criteria (r = −0.16; p = 0.001) and AUDIT scores (r = −0.20; p <0.0001). Q0 was 

also significantly negatively correlated with effort discounting ln(k)’s for both monetary (r = 

−0.14; p = 0.006) and alcohol rewards (r = −0.19; p < 0.0002). Whereas, alpha was 

positively correlated with effort discounting ln(k)’s for both monetary (r = 0.22; p < 0.0001) 

and alcohol rewards (r = 0.14; p = 0.005).

We also analyzed the delay discounting data in both Experiment 1 and 2 to see how they 

may correlate with demographic variables such as age, gender, computer hours, typing 

proficiency, etc. With Bonferroni correction for multiple comparisons, these variables were 

not significantly correlated with the discounting tasks.

We conducted two separate mediation analyses to explore how our demand parameters (Q0 

and alpha) influenced the relationship between alcohol use disorder and effort discounting 

for alcohol (Preacher and Hayes, 2004, MacKinnon et al., 2007). To assess each component 

of the mediation model, multiple regression analyses were performed as outlined in Figure 

3. First, we evaluated the role of Q0 in mediating the relationship between DSM score and 

effort discounting (Figure 3A). DSM score was negatively associated with effort discounting 

for alcohol (standardized β = −0.148, p = 0.002) and positively correlated with Q0 

(standardized β = 0.370, p < 0.001). Q0 was negatively correlated with effort discounting for 
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alcohol (standardized β = −0.151, p = 0.004). Since both the pathways between AUD and 

Q0 as well as between Q0 and effort discounting were significant, there was evidence for a 

mediating effect of Q0. Furthermore, a significant indirect effect for Q0 on the relationship 

between AUD and effort discounting in alcohol was identified (standardized indirect effect = 

−0.056, p=0.006). Overall, Q0 represented 37.8% of the total effect between AUD and effort 

discounting for alcohol.

In addition, alpha, a measure for price sensitivity, was independently examined with a 

mediation analysis. DSM score was negatively related to alpha (standardized β = −0.162, p 

= 0.001). However, alpha was not significantly associated with effort discounting for alcohol 

(standardized β =0.117, p = 0.018). Alpha represented 12.8% of the total effect; however, 

the total indirect effort of alpha was not significant (standardized indirect effect = −0.019, 

p=0.053).

Discussion

Overall, Experiment 2 replicated the results from Experiment 1 and suggested that demand 

for alcohol is related to those effects. First, individuals with meeting more DSM 5 criteria 

for alcohol use severity had higher demand for alcohol. Both DSM 5 criteria and AUDIT 

scores were significantly and positively correlated with initial purchase behavior (Q0), 

showing higher initial demand for alcohol with greater alcohol abuse. Second, alpha, a 

measure for demand elasticity, was significantly and negatively correlated with DSM 5 

criteria and AUDIT, showing that participants with greater alcohol abuse severity had more 

inelastic demand for alcohol (i.e. even at higher prices, these individuals continued to have 

relatively high demand for alcohol). These results agree with existing studies that have 

discussed how increased alcohol misuse is associated with greater demand for alcohol 

(MacKillop et al., 2010).

Importantly, participants’ demand for alcohol was associated with effort discounting. Q0 was 

associated with lower effort discounting for both money and alcohol, suggesting that perhaps 

valuation of alcohol is related to willingness to complete effortful work. Moreover, alpha 

and effort discounting rates had a positive relationship. That is, as alpha decreased and 

demand became more inelastic, participants had lower effort discounting, meaning they were 

more willing to work to obtain money or alcohol.

The mediation analyses further explored the relationship between our demand parameters, 

alpha and Q0, on alcohol use and effort discounting preferences for alcohol. Other studies 

have suggested differentiating the features within the demand curve to characterize demand 

preferences (Bickel et al., 2000, Hursh et al., 2005, Mackillop et al., 2009). More 

specifically, MacKillop et al. describes two main demand curve factors: 1) “amplitude” that 

describes the intensity of demand and 2) “persistence” that describes sensitivity to escalating 

prices (Mackillop et al., 2009). The factor of amplitude is primarily consisted of intensity of 

demand and to a lesser extent, Omax, and the persistence factor is primarily consisted of 

elasticity of demand, Pmax (maximum inelastic price), breakpoint (price at which 

consumption becomes zero), and to a limited extent Omax (maximum alcohol expenditure). 

Within this current study, these factors are represented by Q0 and alpha, respectively. Q0 had 

a mediating role between DSM score and effort discounting for alcohol, with significant 
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indirect effects (standardized indirect effect = −0.056, p=0.006), which was 37.8% of the 

total effect. Alpha, on the other hand, had an indirect effect that represented 12.8% 

(standardized indirect effect = −0.019, p=0.053) of the total effect, but was not significant. 

Overall, demand for alcohol appears to have a mediating role between DSM criteria for 

AUD and effort discounting for alcohol, with this effect being driven primarily by the 

“amplitude” of demand, as the indirect effect of Q0 was approximately 3 times greater than 

that of alpha. This is consistent with existing literature that suggests that greater “amplitude” 

of the demand curve has a higher correlation to weekly alcohol use, heavy alcohol use, and 

problems related to alcohol use (Mackillop et al., 2009). A meta-analysis regarding the 

alcohol purchase task found similar findings with a weak relationship between price 

elasticity and drinking outcomes, while intensity or amplitude of demand better predicted 

AUD symptoms (Kiselica et al., 2016). While these results do not preclude the possibility 

that other factors may impact DSM score’s effects on effort discounting preferences as well, 

it does support the notion that demand can help explain the relationship between higher 

alcohol use and effort discounting for alcohol. Together, these findings further support the 

results from Experiment 1 and help explain how demand for alcohol can impact participants’ 

preferences among discounting options between waiting and working for the reward.

GENERAL DISCUSSION

Through these experiments, we ultimately sought to better understand and characterize effort 

discounting preferences among alcohol users. We replicated that individuals with greater 

AUD severity have increased delay discounting for both monetary and alcohol rewards, 

suggesting that they are less willing to wait for a reward (Petry, 2001, Field et al., 2007, 

MacKillop et al., 2011, Amlung et al., 2017). In contrast, individuals with greater AUD 

severity had lower effort discounting for alcohol, but not for money. This means that 

individuals with greater AUD severity were more willing to work to obtain alcohol.

These findings may be explained in part by higher demand, particularly initial demand with 

minimal cost, for alcohol in AUD populations. Other studies have shown a positive 

relationship between increased demand for substances and increased delay discounting 

(MacKillop et al., 2010), however less is known about the relationship between demand and 

effort discounting. In our effort discounting for alcohol task, individuals with higher Q0’s 

and lower alphas for alcohol had low effort discounting and therefore were more willing to 

work for alcohol.

This line of research also calls into question the relationship between delay and effort 

discounting. Some studies have suggested a positive association between these two 

processes; for example one study found a small, positive correlation between devaluation for 

delayed rewards and devaluation for rewards requiring higher degrees of effort (Mitchell, 

1999). Although most studies have not refuted this relationship, other studies have described 

delay and effort discounting more as separate neurological processes that are related, but not 

equivalent (Ostaszewski et al., 2013). This idea is further explored in a separate study that 

found overlapping areas of the brain, such as the temporal and orbitofrontal cortices, with 

greater activity in tasks involving either delay or effort, while other parts of the brain were 

more uniquely activated by decisions involving delay or effort (Massar et al., 2015). This 
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suggests that overlapping, but non-identical areas of the brain are involved in decision 

making with delay or effort. Furthermore, external pressures may preferentially influence 

one process over the other, such as how one study showed that sleep deprivation increases 

effort discounting, but not delay discounting (Libedinsky et al., 2013). Further research 

remains to be conducted to better explain the neurologic mechanisms behind delay and 

effort discounting. From this study, although delay and effort discounting behaviors may 

vary depending on the situation for populations who abuse substances, both of these 

processes can contribute to negative decision making that can increase risk for drug abuse. 

As such, they remain important avenues for further research on addiction and behavioral 

choices.

A limitation of the present experiments was that the DSM recommends that a trained clinical 

professional evaluate AUD through an interview setting. However, to make the experiments 

suitable for mTurk, we assessed the DSM 5 criteria online through a self-report 

questionnaire. Another potential limitation was that participants may have had differences in 

interpreting alcohol as a theoretical reward, with some participants likely viewing the reward 

as something they would own while others viewing the alcohol as something they would 

have to drink right away. For example, some participants may have interpreted the alcoholic 

beverages as open containers that they would need to drink immediately, therefore a large 

amount of alcohol may not have necessarily been desirable. We tried to offset this by adding 

text that participants would theoretically receive the beverages “to use as [they] wish.” 

Despite the individual’s interpretation, the differences in relationships between AUD 

severity and ln(k) and task type demonstrate an important contribution to this field in helping 

to identify how an individual chooses to value his or her time and effort. A third potential 

limitation is that in the effort discounting tasks, greater effort was measured by a greater 

number of words that participants would theoretically be willing to type. Given that a larger 

amount of words to type would take more time to accomplish, the potential duration of this 

task may also contribute to our measurement of effort discounting. However, any added 

typing time is likely not significant compared to the durations in the delay discounting tasks. 

That is, although number of words typed was used to equate effort to delay in hours, we do 

not expect an individual to assume typing one word would take an hour. For example, an 

average speed typist (40 wpm) could type 2500 words in about an hour, an insignificant 

amount of time compared to 2500 hours (almost 15 weeks) in the delay task. Therefore, we 

do not expect this small increase in time to significantly impact the effort discounting. 

Moreover, if time was a significant contributing factor, we would not expect to see the 

increase in effort (i.e., decrease in effort discounting) in the individuals with greater AUD 

severity, especially given these individual’s delay discounting rates. Finally, the 5-trial 

minute discounting task used in these experiments uses a model for delay discounting that 

assumes a hyperbolic function, while other studies have suggested a parabolic model may 

explain variance in effort discounting data (Hartmann et al., 2013). Testing these theories 

further may require analyzing this type of data across different discounting models. Future 

expansions of work in this arena should also include exploration of how participant’s 

behaviors may change when they are actually asked to perform the work needed to obtain 

different rewards, instead of being purely hypothetical.
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CONCLUSION

Together, these results suggest that individuals with greater alcohol use disorder severity are 

less willing to wait for a monetary reward but have a similar level of willingness as 

individuals without AUD to work for an equivalent amount of money. When the reward 

offered is alcohol, individuals meeting more DSM 5 criteria for AUD are still less willing to 

wait for the reward but were more willing than individuals with lower DSM scores to put in 

effort to obtain alcohol. Greater alcohol demand, particularly higher intensity of demand at 

low minimal cost, in individuals who misuse helps to account for some of these differences. 

Increased delay discounting across commodities and decreased effort discounting for alcohol 

among individuals with higher AUD severity may be a hazardous combination. This finding 

may be echoed across a number of addictions, such as how individuals who abuse opioids 

tend to have greater impulsivity, potentially engaging in risky behaviors such as sharing 

needles and taking extreme measures, such as visiting different providers, pharmacies, or 

even inflicting harm to themselves to obtain pain medication (Madden et al., 1997, Odum et 

al., 2000, O’Connell, 2014). Together, these results paint a picture of alcohol-dependent 

users as being more impulsive and more willing to work to obtain alcohol, contributing to 

our understanding of risky decision-making and negative outcomes among individuals who 

abuse substances. Ideally, further understanding of delay and effort discounting will help us 

better develop interventions that could address both of these factors and improve efforts in 

addiction recovery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

This study was supported by R01AA021529 and Virginia Tech Carilion Research Institute.

REFERENCES

AMERICAN PSYCHIATRIC ASSOCIATION 2013 Substance-Related and Addictive Disorders, 
Washington, DC.

AMLUNG M, VEDELAGO L, ACKER J, BALODIS I & MACKILLOP J 2017 Steep delay 
discounting and addictive behavior: a meta-analysis of continuous associations. Addiction, 112, 51–
62.

BARON RM & KENNY DA 1986 The moderator-mediator variable distinction in social psychological 
research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol, 51, 1173–82. 
[PubMed: 3806354] 

BICKEL WK 2015 Discounting of delayed rewards as an endophenotype. Biol Psychiatry, 77, 846–7. 
[PubMed: 25925716] 

BICKEL WK, JARMOLOWICZ DP, MUELLER ET, KOFFARNUS MN & GATCHALIAN KM 2012 
Excessive discounting of delayed reinforcers as a trans-disease process contributing to addiction and 
other disease-related vulnerabilities: emerging evidence. Pharmacol Ther, 134, 287–97. [PubMed: 
22387232] 

BICKEL WK, KOFFARNUS MN, MOODY L & WILSON AG 2014 The behavioral- and neuro-
economic process of temporal discounting: A candidate behavioral marker of addiction. 
Neuropharmacology, 76 Pt B, 518–27. [PubMed: 23806805] 

Phung et al. Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



BICKEL WK & MARSCH LA 2001 Toward a behavioral economic understanding of drug 
dependence: delay discounting processes. Addiction, 96, 73–86. [PubMed: 11177521] 

BICKEL WK, MARSCH LA & CARROLL ME 2000 Deconstructing relative reinforcing efficacy and 
situating the measures of pharmacological reinforcement with behavioral economics: a theoretical 
proposal. Psychopharmacology (Berl), 153, 44–56. [PubMed: 11255928] 

BICKEL WK, ODUM AL & MADDEN GJ 1999 Impulsivity and cigarette smoking: delay 
discounting in current, never, and ex-smokers. Psychopharmacology (Berl), 146, 447–54. [PubMed: 
10550495] 

BOTVINICK MM, HUFFSTETLER S & MCGUIRE JT 2009 Effort discounting in human nucleus 
accumbens. Cogn Affect Behav Neurosci, 9, 16–27. [PubMed: 19246324] 

DENK F, WALTON ME, JENNINGS KA, SHARP T, RUSHWORTH MF & BANNERMAN DM 
2005 Differential involvement of serotonin and dopamine systems in cost-benefit decisions about 
delay or effort. Psychopharmacology (Berl), 179, 587–96. [PubMed: 15864561] 

FIELD M, CHRISTIANSEN P, COLE J & GOUDIE A 2007 Delay discounting and the alcohol Stroop 
in heavy drinking adolescents. Addiction, 102, 579–86. [PubMed: 17309540] 

HARTMANN MN, HAGER OM, TOBLER PN & KAISER S 2013 Parabolic discounting of monetary 
rewards by physical effort. Behav Processes, 100, 192–6. [PubMed: 24140077] 

HURSH SR 1984 Behavioral economics. Journal of the Experimental Analysis of Behavior, 42, 435–
452. [PubMed: 16812401] 

HURSH SR, GALUSKA CM, WINGER G & WOODS JH 2005 The economics of drug abuse: a 
quantitative assessment of drug demand. Mol Interv, 5, 20–8. [PubMed: 15731502] 

HURSH SR & SILBERBERG A 2008 Economic demand and essential value. Psychol Rev, 115, 186–
98. [PubMed: 18211190] 

KISELICA AM, WEBBER TA & BORNOVALOVA MA 2016 Validity of the alcohol purchase task: a 
meta-analysis. Addiction, 111, 806–16. [PubMed: 26616514] 

KOFFARNUS MN & BICKEL WK 2014 A 5-trial adjusting delay discounting task: accurate discount 
rates in less than one minute. Exp Clin Psychopharmacol, 22, 222–8. [PubMed: 24708144] 

KOFFARNUS MN, FRANCK CT, STEIN JS & BICKEL WK 2015 A modified exponential 
behavioral economic demand model to better describe consumption data. Exp Clin 
Psychopharmacol, 23, 504–12. [PubMed: 26280591] 

LIBEDINSKY C, MASSAR SA, LING A, CHEE W, HUETTEL SA & CHEE MW 2013 Sleep 
deprivation alters effort discounting but not delay discounting of monetary rewards. Sleep, 36, 
899–904. [PubMed: 23729933] 

MACKILLOP J, AMLUNG MT, FEW LR, RAY LA, SWEET LH & MUNAFO MR 2011 Delayed 
reward discounting and addictive behavior: a meta-analysis. Psychopharmacology (Berl), 216, 
305–21. [PubMed: 21373791] 

MACKILLOP J, MIRANDA R JR., MONTI PM, RAY LA, MURPHY JG, ROHSENOW DJ, 
MCGEARY JE, SWIFT RM, TIDEY JW & GWALTNEY CJ 2010 Alcohol demand, delayed 
reward discounting, and craving in relation to drinking and alcohol use disorders. J Abnorm 
Psychol, 119, 106–14. [PubMed: 20141247] 

MACKILLOP J, MURPHY JG, TIDEY JW, KAHLER CW, RAY LA & BICKEL WK 2009 Latent 
structure of facets of alcohol reinforcement from a behavioral economic demand curve. 
Psychopharmacology (Berl), 203, 33–40. [PubMed: 18925387] 

MACKINNON DP, FAIRCHILD AJ & FRITZ MS 2007 Mediation Analysis. Annual Review of 
Psychology, 58, 593–614.

MADDEN GJ, BICKEL WK & JACOBS EA 1999 Discounting of delayed rewards in opioid-
dependent outpatients: exponential or hyperbolic discounting functions? Exp Clin 
Psychopharmacol, 7, 284–93. [PubMed: 10472517] 

MADDEN GJ, PETRY NM, BADGER GJ & BICKEL WK 1997 Impulsive and self-control choices in 
opioid-dependent patients and non-drug-using control participants: drug and monetary rewards. 
Exp Clin Psychopharmacol, 5, 256–62. [PubMed: 9260073] 

MASSAR SAA, LIBEDINSKY C, WEIYAN C, HUETTEL SA & CHEE MWL 2015 Separate and 
overlapping brain areas encode subjective value during delay and effort discounting. NeuroImage, 
120, 104–113. [PubMed: 26163803] 

Phung et al. Page 13

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MITCHELL SH 1999 Measures of impulsivity in cigarette smokers and non-smokers. 
Psychopharmacology (Berl), 146, 455–64. [PubMed: 10550496] 

MITCHELL SH 2004 Effects of short-term nicotine deprivation on decision-making: delay, 
uncertainty and effort discounting. Nicotine Tob Res, 6, 819–28. [PubMed: 15700917] 

MURPHY JG & MACKILLOP J 2006 Relative reinforcing efficacy of alcohol among college student 
drinkers. Exp Clin Psychopharmacol, 14, 219–27. [PubMed: 16756426] 

MURPHY JG, MACKILLOP J, SKIDMORE JR & PEDERSON AA 2009 Reliability and validity of a 
demand curve measure of alcohol reinforcement. Experimental and Clinical Psychopharmacology, 
17, 396–404. [PubMed: 19968404] 

O’CONNELL M 2014 Desperate for painkillers, man self-inflicted injuries CBS News [Online] 
Available: https://www.cbsnews.com/news/desperate-for-painkillers-man-self-inflicted-injuries/ 
[Accessed 10/3/2017].

ODUM AL 2011 Delay discounting: I’m a k, you’re a k. J Exp Anal Behav, 96, 427–39. [PubMed: 
22084499] 

ODUM AL, MADDEN GJ, BADGER GJ & BICKEL WK 2000 Needle sharing in opioid-dependent 
outpatients: psychological processes underlying risk. Drug Alcohol Depend, 60, 259–66. 
[PubMed: 11053760] 

OSTASZEWSKI P, BĄBEL P & SWEBODZIŃSKI B 2013 Physical and cognitive effort discounting 
of hypothetical monetary rewards. Japanese Psychological Research, 55, 329–337.

PETRY NM 2001 Delay discounting of money and alcohol in actively using alcoholics, currently 
abstinent alcoholics, and controls. Psychopharmacology (Berl), 154, 243–50. [PubMed: 11351931] 

PREACHER KJ & HAYES AF 2004 SPSS and SAS procedures for estimating indirect effects in 
simple mediation models. Behavior Research Methods, Instruments, & Computers, 36, 717–731.

REYNOLDS B 2006 A review of delay-discounting research with humans: relations to drug use and 
gambling. Behav Pharmacol, 17, 651–67. [PubMed: 17110792] 

ROSSEEL Y 2012 lavaan: An R Package for Structural Equation Modeling 2012, 48, 36.

SAUNDERS JB, AASLAND OG, BABOR TF, DE LA FUENTE JR & GRANT M 1993 Development 
of the Alcohol Use Disorders Identification Test (AUDIT): WHO Collaborative Project on Early 
Detection of Persons with Harmful Alcohol Consumption--II. Addiction, 88, 791–804. [PubMed: 
8329970] 

STEIN JS, KOFFARNUS MN, SNIDER SE, QUISENBERRY AJ & BICKEL WK 2015 Identification 
and management of nonsystematic purchase task data: Toward best practice. Exp Clin 
Psychopharmacol, 23, 377–86. [PubMed: 26147181] 

WALTON ME, BANNERMAN DM & RUSHWORTH MF 2002 The role of rat medial frontal cortex 
in effort-based decision making. J Neurosci, 22, 10996–1003. [PubMed: 12486195] 

YI R, MITCHELL S & BICKEL W 2010 Delay discounting and substance abuse-dependence

Phung et al. Page 14

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cbsnews.com/news/desperate-for-painkillers-man-self-inflicted-injuries/


Figure 1. Experiment 1 - Relationship between discounting tasks ln(k)s and DSM 5 Criteria.
Panel A depicts the correlation between the Delay discounting for monetary reward task 

ln(k) and DSM 5 criteria as measured by participant self-report. The line depicts the linear 

regression for the reader. Panel B depicts Effort discounting for monetary rewards and DSM 

5. Panel C depicts Delay discounting for alcohol rewards and DSM 5. Panel D depicts Effort 

discounting for alcohol reward task and DSM 5. The linear regression lines in each are 

represented for the reader. * denotes statistically significant correlation value with p<0.05.
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Figure 2. Experiment 2 - Relationship between discounting tasks ln(k)s and DSM 5 Criteria.
Panel A depicts the correlation between the Delay discounting for monetary reward task 

ln(k) and DSM 5 criteria as measured by participant self-report. The line depicts the linear 

regression for the reader. Panel B depicts Effort discounting for monetary rewards and DSM 

5. Panel C depicts Delay discounting for alcohol rewards and DSM 5. Panel D depicts Effort 

discounting for alcohol reward task and DSM 5. The linear regression lines in each are 

represented for the reader. * denotes statistically significant correlation value with p<0.05.
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Figure 3. Mediation Analysis for the Relationship between Alcohol Use Disorder and Effort 
Discounting for Alcohol as Mediated by Demand.
Panel A depicts mediation analysis with Q0 as a mediator. Panel B depicts mediation 

analysis with alpha as a mediator. Standardized β estimates of the linear regression between 

each set of variables are depicted along the arrows. Note panel A and panel B represent two 

separate mediation analyses and not one analysis with multiple mediators.
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Table 1.

Experiment 1 - Correlation Matrix, Pearson r values

$Time $Effort AlcTime AlcEffort DSM Audit

$Time

$Effort 0.18

AlcTime 0.35*** 0.16

AlcEffort 0.07 0.28** 0.08

DSM 0.41*** 0.07 0.33** −0.25*

Audit 0.44*** 0.12 0.40*** −0.27* 0.90***

$Time: Delay discounting for monetary reward task; $Effort: Effort discounting for alcohol reward task; AlcTime: Delay discounting for alcohol 
reward task; AlcEffort: Effort discounting for alcohol reward task, DSM: DSM 5 criteria for alcohol use disorder; AUDIT: Alcohol use disorders 
identification test.

*
p≤0.05

**
p≤0.005

***
p≤0.0005
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Table 2.

Experiment 2 - Correlation Matrix, Pearson r values

$Time $Effort AlcTime AlcEffort DSM Audit Q0 Alpha

$Time

$Effort 0.23***

AlcTime 0.25*** 0.11*

AlcEffort 0.06 0.37*** 0.17**

DSM 0.16** −0.06 0.28*** −0.15**

Audit 0.16** −0.06 0.31*** −0.15** 0.82**

Q0 0.00 −0.14* 0.056 −0.19*** 0.37*** 0.43***

Alpha 0.14** 0.22*** −0.11* 0.14** −0.16** −0.20*** −0.28***

AlcTime: Delay discounting for alcohol reward task; AlcEffort: Effort discounting for alcohol reward task; Q0: Initial consumption for a 

commodity at no cost to the subject; alpha: sensitivity in purchasing a commodity with increasing price.

*
p≤0.05

**
p≤0.005

***
p≤0.0005.
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