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The present study examined (1) the impact of a brief substance use intervention on delay discounting and
indices of substance reward value (RV), and (2) whether baseline values and posttreatment change in
these behavioral economic variables predict substance use outcomes. Participants were 97 heavy drinking
college students (58.8% female, 41.2%male) who completed a brief motivational intervention (BMI) and
then were randomized to one of two conditions: a supplemental behavioral economic intervention that
attempted to increase engagement in substance-free activities associated with delayed rewards (SFAS) or
an Education control (EDU). Demand intensity, and Omax, decreased and elasticity significantly
increased after treatment, but there was no effect for condition. Both baseline values and change in RV,
but not discounting, predicted substance use outcomes at 6-month follow-up. Students with high RV who
usedmarijuana weremore likely to reduce their use after the SFAS intervention. These results suggest that
brief interventions may reduce substance reward value, and that changes in reward value are associated
with subsequent drinking and drug use reductions. High RV marijuana users may benefit from
intervention elements that enhance future time orientation and substance-free activity participation.
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Research has shown that brief motivational
interventions (BMIs) result in decreases in
college student drinking and drug use (Larimer
& Cronce, 2007; White, Kraus, & Swartzwelder,
2006), but effect sizes of these interventions
relative to control conditions are generally
small to moderate and many students who
receive a BMI continue to drink heavily and
experience alcohol-related problems (Carey,
Scott-Sheldon, Carey, & DeMartini, 2007; Lee,
Neighbors, Kilmer & Larimer, 2010; Moreira,
Smith, & Foxcroft, 2009; Scott-Sheldon, Carey,
Elliott, Garey, & Carey, 2014). Moreover, very
few studies have examined drug use outcomes
(Dennhardt & Murphy, 2013; Lee, Neighbors,
Kilmer & Larimer, 2010; Lee et al 2013). There
is a need for additional research that examines
factors that may contribute to nonresponse and
that would potentially lead to tailored inter-
ventions for individuals with specific risk
profiles (Borsari, O’Leary Tevyaw, Barnett,
Kahler, & Monti, 2007; Feldstein Ewing, Wray,
Mead, & Adams, 2012; Murphy, Correia, Colby,
& Vicinich, 2005, Murphy et al., 2012).

According to behavioral economic theory,
substance use is influenced by the relative
availability and price of drugs and alternative

substance-free sources of reinforcement (Bickel,
Johnson, Koffarnus, MacKillop & Murphy,
2014). Excessive preference for drug-related
rewards may also be related to a more general
tendency to devalue (discount) future outcomes
or rewards, relative to immediately reinforcing
stimuli such as drug use. Delay discounting and
substance reward value are two behavioral
economic variables that have demonstrated
consistent relations with substanceuse inhuman
and animal models (Cosgrove & Carroll, 2003;
Higgins, Heil, & Lussier, 2004, MacKillop et al.,
2011). A few preliminary studies have linked
them directly with poor response to substance
abuse treatment and suggest they may be viable
intervention targets (Carroll, Anker, & Perry,
2009; Passetti, Clark,Mehta, Joyce, &King, 2008;
Murphy et al., 2012).

Delay Discounting
Delay discounting is a behavioral measure of

impulsivity that refers to the decrease in the
current subjective value of a reinforcer as a
function of the time until it is delivered (Ainslie,
1975). Although overall individuals prefer larger
rewards to smaller rewards, if receiptof the larger
reward is delayed, the individual may switch
preferences and prefer the smaller reward that
they could receive sooner. Alcohol and drug use
provides immediate subjective reward through
feelings of euphoria and stress reduction,
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whereas the potential negative consequences of
the substance use are delayed. In addition, the
larger rewards associated with choosing not to
drink, and instead to engage in an alternative
behavior, are often delayed (e.g., academic
achievement, good health, vocational success).
This suggests that individuals who show a strong
preference for immediate rewards (and there-
fore devalue delayed rewards) may overvalue
alcohol anddrugs (Vuchinich&Simpson, 1998).
However, research on discounting suggests that
preferences among immediate and delayed
reinforcers are not stable, and many failures of
self-control may be related to the fact that the
diminution in value follows a hyperbolic rather
than an exponential decay function (Green &
Myerson, 2004). So, the value of the delayed
reward is discounted more steeply when the
smaller, sooner reward is immediately available.
Behavioral economic research also suggests that
increasing the salience of these delayed rewards
can reduce impulsive response patterns and
potentially decrease substance use (Hofmeyr,
Ainslie, Charlton, & Ross, 2011; Murphy et al.,
2012), thus making it a potentially valuable
construct to examine as an intervention target
and mechanism of treatment-related change (i.
e., successful treatment may work, in part, by
reducing discounting).

A recentmeta-analysis provides strong support
for the relationship between delay discounting a
variety of addictive and health-risk behavior, and
particularly substance abuse (MacKillop et al.,
2011). Numerous studies have demonstrated
that individuals with addictive behavior patterns
have higher rates of delay discounting than
controls (Baker, Johnson, &Bickel, 2003; Dixon,
Marley, & Jacobs, 2003; Heil, Johnson, Higgins,
& Bickel, 2006;Madden, Petry, Badger, & Bickel,
1997), and a few studies suggest that elevated
discounting is associated with worse response to
smoking (Krishnan-Sarin et al., 2007; Yoon
et al., 2007; MacKillop & Kahler, 2009), opioid
(Passetti et al., 2008), and cocaine treatment
(Washio et al., 2011). Given the robust link
between delay discounting and substance use,
discounting may be an important mechanism to
target in substance abuse interventions (Bickel,
Landes, Kurth-Nelson, & Redish, 2014).

Reward Value
Reward value (RV) or reinforcing efficacy is

defined as the relative degree of preference for

a reinforcer and is often measured in the
laboratory by determining the amount of
behavior or some other resource (e.g., time,
money) that an individual will allocate towards
obtaining and using a substance (Bickel et al.,
2000). Measures of RV were initially developed
in laboratory settings with the goal of determin-
ing the abuse liability of a drug (Hursh &
Silberberg, 2008). More recently, RV has been
examined as an individual difference variable in
clinical samples that may predict substance use
and related outcomes (MacKillop & Murphy,
2007; Murphy et al., 2005; Murphy, MacKillop,
Skidmore, & Pederson, 2009; Tucker, Roth,
Vignolo, & Westfall, 2009; Tucker, Vuchinich,
Black, & Rippens, 2006). RV can refer to the
absolute value of a substance (the amount of
behavioral or resource allocation to obtain a
drug in the absence of alternatives), or to the
relative level of resource allocation for a drug
compared to available alternatives (Epstein,
Leddy, Temple, & Faith, 2007).

Demand curve indices of RV are created from
hypothetical self-reported drug or alcohol
purchase tasks in which the participant specifies
how much of the substance he or she would
purchase and use across a range of prices. A
number of studies have linked demand curve
indices of RV with drinking and related
problems in college samples (Murphy & MacK-
illop, 2006; Smith et al., 2010) and there is
preliminary evidence that the RV metrics
generated from demand curves may be pre-
dictive of response to brief alcohol interven-
tions among college drinkers (MacKillop &
Murphy, 2007).

The reinforcement ratio is another behavioral
economic measure of reward value that is
derived from relative levels of substance-related
and substance-free activity participation and
enjoyment. In outpatient clinical settings where
actual behavioral measurement procedures are
often impractical, “reinforcement” is often
operationalized as the product of recent activity
participation and enjoyment, and the reinforce-
ment ratio reflects the relative amount of recent
activity participation and enjoyment that is
related to substance use relative to all other
activities (Correia, Carey, Simons, & Borsari,
2003). Research suggests that greater relative
reinforcement from substance-related activities
is related to elevated levels of substance use and
problems (Correia, Carey, & Borsari, 2002;
Skidmore, Murphy, & Martens, 2014). Murphy
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and colleagues (2005) examined the predictive
utility of baseline relative reinforcement values
in a sample of college students who completed a
brief alcohol intervention. They found that
participants who derived a greater percentage
of reinforcement from substance-related activ-
ities were less likely to reduce their drinking.
Additionally, participants who reduced their
drinking postintervention reported increased
proportional reinforcement from substance-
free activities at follow-up. Taken together,
these findings suggest that RV maybe a useful
construct in predicting substance use severity, a
potential mechanism of behavior change, and
that traditional brief interventions may not
be sufficient for those with high RV from
substances.

In addition to being independent risk factors
for substance use, delay discounting and reward
value may interact to increase risk even further.
For example, impulsivity (high discounting)
may be amore relevant risk factor for individuals
with high substance RV than for those with low
substance RV. Although several studies have
documented a link between high discounting
and demand (MacKillop et al., 2010; Koffarnus
& Woods, 2013), others have failed to do so
(Diergaarde et al., 2012; Field, Christianson,
Cole & Goudie, 2007; Mackillop & Tidey, 2011).
Further, we are unaware of any studies that have
directly examined the interaction of these two
constructs as a predictor of treatment outcomes.

Taken together, these findings suggest that
delay discounting and substance RV are varia-
bles that may predict substance use treatment
outcomes, and may also be viable intervention
targets. Murphy and colleagues (2012) devel-
oped a supplemental session, the Substance Free
Activity Session (SFAS) that attempts to facilitate
drinking reductions by targeting these mecha-
nisms. The results of an initial pilot trial
indicated that a brief motivational intervention
(BMI) plus SFAS was especially helpful for
students with lower substance-free activity
participation and enjoyment at baseline (Mur-
phy et al., 2012). The goal of the current study is
to examine the impact of this novel intervention
approach (BMIþ SFAS) on delay discounting
and substance reward value as well as the role
these variables may play in predicting and
moderating treatment response. Specifically,
we will test the hypotheses that a) higher levels
of delay discounting and RV will predict poor
response to intervention; b) discounting and

substance RV will be reduced posttreatment,
and significantly more for the novel SFAS
intervention; c) greater reductions in discount-
ing and reward value at postintervention will
predict greater reductions in substance use at 6-
month follow-up; and d) levels of discounting
and alcohol demand will interact such that
those who have high levels of both will be the
least likely to change after an intervention, but
will experience better outcomes in the BMIþ
SFAS condition.

Method

Participants
Participants were 97 undergraduates (58.8%

women; 41.2% men) from a large public
university in the southern United States.
Approximately 1,500 undergraduate students
were screened for eligibility, 461were eligible,
and 97 enrolled in the study. Students who
enrolled were representative of the larger
eligible sample on all demographic variables,
but were more likely to use only alcohol (but
not drugs). All enrolled participants reported
heavy drinking (4/5 or more drinks for a
woman/man), and 63% reported using drugs
in the past month. Sixty-two percent of students
reported using marijuana, 19% reported non-
medical use of prescription drugs, 8% used
cocaine, 6% used designer drugs and 1%
reported heroin use. The sample was ethnically
diverse; 59.8% identified as European Ameri-
can, 30.9% as African American, 5.2% as Mixed
Race, 2.1% as Hispanic/Latino, 1% as Asian,
and 1% as Hawaiian/Pacific Islander which
overall is representative of the university
demographics.

Procedure
Recruitment. All procedures were approved

by the university’s institutional review board.
Undergraduate students were screened and
recruited from the university’s psychology
subject pool, other undergraduate courses,
and on-campus organizations and were not
treatment-seeking. Students were eligible to
participate in the intervention study if they were
between 18–30 years old and reported one or
more heavy drinking episodes (defined as five
or more drinks in a sitting for a man, and 4 or
more drinks for a woman) in the past month.
After providing informed consent, participants
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completed a series of baseline questionnaires
and subsequently a 30-min alcohol and drug-
focused BMI. Participants were then random-
ized to a 30-min alcohol/drug education
control session or the SFAS intervention
(described below). Counselor delivered educa-
tion (ED) was chosen as an active control for
contact time and therapist attention. The same
clinician delivered both interventions for each
participant and the same group of clinicians
conducted both BMIþED and BMIþ SFAS
interventions. Participants completed follow-up
measures at 1 and 6 months postintervention.

Interventions.
Brief motivational intervention to decrease sub-

stance use (BMI). The 25–30min BMI included
information intended to encourage students
to reduce their use of alcohol and other drugs
and was explicitly developed for college
students with mild to moderate levels of
alcohol and or drug use problems. Other
research studies have used this intervention
program and shown it to be efficacious
(Murphy et al., 2001[C7]; Murphy, Denn-
hardt, Skidmore, Martens, & McDevitt-Mur-
phy, 2010). The session began by encouraging
the student to talk about his or her use of
alcohol and drugs (e.g., what they like and
dislike about alcohol, how their pattern of use
has changed over time). They then received
personalized feedback on how their drinking
and drug use compares to that of other
students, along with information on tolerance,
and engaging in risky alcohol and drug use.
The clinician discussed the feedback with the
students and assisted with goal-setting and
provided advice on reducing or eliminating
alcohol and drug use if the student indicated
he or she was interested.
Substance-free activity session (SFAS). This 25–

30min session targeted behavioral economic
factors with the goal of enhancing the efficacy
of the alcohol and drug BMI. Students were
asked to discuss college and career goals as
well as the impact of drinking/drug use on
goal progress. Information on the require-
ments for the student’s stated career goal(s)
was presented as well as potential activities in
which the student could participate related to
these goals (e.g., organizations, internships
related to their major/career goals). Students
also received general information regarding
financial advantages and other future benefits
of graduating college and earning good

grades. The session continued with feedback
on how the participant currently spent their
time, and the difference between time spent
using substances and time spent in other
activities was highlighted and discussed in
relation to their goals/values. Students were
also presented with information on coping
skills to manage negative affect which could
interfere with goal pursuit. Finally, if the
student was interested, goal-setting was con-
ducted regarding time management, grades,
and valued activities. Students were asked if
they would like to reconsider their substance
use goals in light of the information pre-
sented. These components aimed to enhance
the valuing of delayed rewards, and to increase
engagement in constructive patterns of sub-
stance-free activities leading to those rewards.
This was expected to reduce the relative value
of substance use.
Education session. The control condition was

a 25–30min education-based control that
followed the BMI. Students were given addi-
tional information about alcohol and its effects
and/or drugs and related effects. The clinician
talked to the student about how these sub-
stances impact the brain and nervous system,
memory, sexual performance, and other areas
of the body using material obtained from the
National Institutes of Health NIDA website.
Information aboutmarijuana and three types of
nonmedical use of prescription drugs (opioids,
depressants, and stimulants) was highlighted
due to the high prevalence rates of use of these
drugs (SAMHSA, 2010). Students were invited
to ask questions, but the session was primarily
didactic.

Follow-up assessments. Students who com-
pleted the intervention were invited to com-
plete follow-up questionnaires in the lab at 1
and 6months after the intervention date. If they
were unable to come to the lab, they were
emailed a link to complete the questionnaires
remotely using the secure site www.qualtrics.
com. Follow-up rates did not differ by condition
and there were no demographic or baseline
drinking differences between completers and
noncompleters.

Measures
Alcohol and marijuana use. Number of

drinks per week was assessed using the Daily
Drinking Questionnaire (DDQ; Collins, Parks,
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& Marlatt, 1985). On the DDQ, respondents
estimate the total number of standard drinks
they consumed on each day during a typical
week in the past month. The DDQ has been
used frequently with college students and is a
reliable measure that is highly correlated with
self-monitored drinking reports (Kivlahan,
Marlatt, Fromme, Coppel, & Williams, 1990).
Participants were also asked the number of
times in the past month that they engaged in a
binge episode (4/5 drinks in an occasion for a
man/woman) and the number of times they
used marijuana (Hien & First, 1991).

Young Adult Alcohol Consequences Ques-
tionnaire (YAACQ). Alcohol-related problems
were assessed using the Young Adult Alcohol
Consequences Questionnaire (YAACQ; Read,
Merrill, Kahler, & Strong, 2007). Participants
are given a list of 49 potential problems (e.g., “I
have become very rude, obnoxious, or insulting
after drinking”; “I have driven a car when I knew
I had too much to drink to drive safely”; “I’ve
not been able to remember large stretches of
time while drinking heavily”) related to their
alcohol use and asked to indicate whether or
not they have experienced that problem in the
past 6 months. The YAACQ has demonstrated
strong psychometric properties including in-
ternal consistency and predictive validity (Read
et al., 2007). Internal consistency for the
YAACQ in this study was .90.

Marijuana Problems Scale (MPS). The Mar-
ijuana Problems Scale (MPS; Stephens, Roff-
man, & Curtin, 2000[C8]) evaluated negative
social, occupational, physical, and personal
consequences associated with any drug use in
the past 30 days. Participants were asked to
indicate whether or not their drug use caused
19 potential problems and to specify the drug
they view most responsible for these problems.
Marijuana was specified by 91% of participants.
The MPS demonstrated good internal consis-
tency (.86) in this sample.

Delay Discounting Task (DDT). Delayed
reward discounting was also assessed using a
modified version of a multi-item delay dis-
counting task (DDT) (Amlung & MacKillop,
2011). Amlung & MacKillop used a computer
program to present each option and we
modified this task to create a questionnaire.
In this task, participants were presented with 60
items in which they were asked to choose
between two hypothetical amounts of money.
For each of the 60 choices one of the amounts

was a smaller, immediate reward, while the
other option was a larger, delayed reward (e.g.,
Would you prefer $20 today, or $100 in 6
months?). The items featured varying amounts
and delays; with each choice contributing to
the estimate of the participant’s overall dis-
counting rate parameter (k), which was
computed using a Prism graphpad macro
that fitted the participant choices to a hyper-
bolic equation. Higher k values reflect a
greater proportion of choices for the smaller
immediate monetary amounts (i.e., a higher
level of impulsivity). Hypothetical money
choices provide a reliable and valid estimate
of discounting rates, which are highly corre-
lated with discounting estimates generated
from tasks that use real monetary choices
(Madden, Begotka, Raiff, & Kastern, 2003).

Measures of substance reward value.
Adolescent Reinforcement Survey Schedule-

Substance Use Version (ARSS-SUV). The ARSS-
SUV (Murphy et al., 2005) is a measure of past-
month reinforcement from substance-related
and substance-free activities. This measure was
derived from Herrnstein’s (1970) matching law
in that it assumes reward value is best reflected
in the relative degree of preference for one
reinforcer relative to alternatives. Past-month
activity frequency and enjoyment ratings are
made with 5-point Likert scales (0–4). Fre-
quency ratings range from 0 (zero times per
week) to 4 (more than once per day), and
enjoyment ratings range from 0 (unpleasant or
neutral) to 4 (extremely pleasant). The fre-
quency and enjoyment ratings are multiplied to
obtain a cross-product score that reflects
reinforcement derived from the activity (Cor-
reia et al., 2003). The reinforcement ratio (R-
ratio), the relative reinforcing value of sub-
stance use, was then computed [(substance-
related total / (substance-free totalþ sub-
stance-related total)].
Alcohol Purchase Task (APT). The APT is a

simulation measure that assesses self-reported
alcohol consumption and financial expenditure
across a rangeofdrinkprices. Participants report
the number of standard drinks (domestic
beers (12 oz.), wine (5 oz.), shots of hard liquor
(1.5 oz.), ormixed drinks containing one shot of
liquor) they would purchase and consume
during a specified time frame (5 hr) at 19 price
increments ranging zero (free) to $20 per
drink. Demand curves are estimated by fitting
each participant’s reported consumption
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across the range of prices to Hursh and
Silberberg’s (2008) demand curve equation:
logQ¼ 1ogQ0þ k (e -aP – 1), whereQ represents
the quantity consumed,Q0 represents consump-
tion at price¼ 0, k specifies the range of the
dependent variable (alcohol consumption) in
logarithmic units, P specifies price, and a
specifies the rate of change in consumption
with changes in price (elasticity). Several RV
measures are generated from the demand
curve, but because we were interested in
examining changes in demand resulting from
treatment, we focused on the two demand
indices that have demonstrated the highest
test–retest reliability (rs¼ 89 - .90 over 2- week
interval, Murphy et al., 2009), intensity (max-
imum consumption when drinks are free) and
Omax (maximum expenditure value), as well as
elasticity of demand (sensitivity of alcohol
consumption to increases in cost) given its
theoretical importance in behavioral econom-
ics (Hursh & Silberburg, 2008). Intensity and
Omax are observed metrics that are computed
by manually entering a) the number of drinks
consumed when free and b) the largest
expenditure value determined by multiplying
consumption by price at every price level.
Previous research indicates that these RV
indices are reliable (Murphy et al., 2009),
highly correlated with actual lab-based alcohol
consumption (Amlung, Acker, Stojek, Murphy,
& MacKillop, 2012), and associated with
naturalistic levels of substance use and prob-
lems (Murphy et al., 2009).

Data Analytic Plan
Outliers were corrected using the method

described by Tabachnick and Fidell (2012)
in which values that are greater than or equal
to 3.29 standard deviations above the mean
were changed to be one unit greater than
the greatest non-outlier value. Variables that
were skewed or kurtotic were transformed
using logarithm and square root transforma-
tions depending on which provided a better
correction. Binge episodes, alcohol-related
problems, marijuana use days, marijuana
problems, discounting and all RV variables
were log transformed. Number of drinks
per week were square-root transformed. All
transformations used in final analyses
resulted in normal distributions except for
marijuana use days and problems and delay

discounting which was significantly skewed
and kurtotic.

The primary outcomes from the parent trial
had been submitted for publication at the time
of this submission (Yurasek, Dennhardt, &
Murphy, 2014). There was a reduction in
drinking across both groups and a significant
advantage for MIþ SFAS for marijuana use
days at the 6-month follow-up. The goal of the
current paper is to examine the role of delay
discounting and RV (intensity, Omax, elasticity,
reinforcement ratio) as predictors and out-
comes of the interventions. First, in order to
assess changes in discounting and RV across
time and by intervention condition we con-
ducted repeated measures ANOVAs that
compared baseline to 1-month follow-up
values while controlling for gender. Second,
to determine whether baseline discounting,
substance reinforcing value, and change in
these variables predicted change in substance
use and problems, we conducted a series of
hierarchical regression analyses that con-
trolled for gender, and the baseline value of
the substance use variable. The change score
was used in a model that also included the
baseline value of the metric in order to
determine the effect of change on substance
use regardless of absolute baseline and 1-
month levels. This study did not include a
measure of marijuana reward value but the
reinforcement ratio combines activities that
took place while using “alcohol or drugs,” and
although intensity, Omax, and elasticity meas-
ure alcohol RV, some research suggests that
greater substance use (other than alcohol) is
associated with elevated alcohol demand,
perhaps indicating some shared risk (Yurasek,
Murphy, Clawson, Dennhardt, & MacKillop,
2013). We also conducted a series of regres-
sions to examine if individuals with high levels
of discounting and RV were more likely to
have reduced levels of these constructs after a
treatment (i.e., rate dependence). Ordinary
least squares (OLS) multiple regression was
used to examine the predictive ability of
discounting and RV on alcohol use variable
and negative binomial regressions were used
for the marijuana use variables due to the non-
normal distributions. Rate-dependent effects
may obscure the effect that changes in these
constructs may have on drinking or drug use
reductions (see Bickel, Landes et al., 2014).
Finally, a series of ANCOVAs examined the
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potential interaction between high and low
levels of delay discounting and RV and change
in substance use by condition (i.e., were those
high in both more likely to change than those
high in only discounting or reinforcing value).

Results

Baseline Characteristics and Adequacy of
Demand and Discounting Model Fit

Overall, participants reported consuming an
average of 13.49 (SD¼ 9.60) drinks in a typical
week and a total of 11.32 (SD¼ 8.23) alcohol-
related problems over the past month. Partic-
ipants who reported using drugs in the past
month (n¼ 67, 69.1% of the sample) used
drugs an average of 14.22 (SD¼ 13.60) days in
the past month and reported 4.75 (SD¼ 4.40)
problems related to drug use in the past month.
Because marijuana was the most commonly
used drug (61.9% of all participants reported
past month use) we examined marijuana use
days as our drug use outcome. There was a
significant difference in typical weekly drink-
ing, with those assigned to BMIþ SFAS drink-
ing significantly more, but no other differences
in baseline levels of outcome variables. Differ-
ences in baseline delay discounting across
intervention conditions approached signifi-
cance (p¼.053) with those in the SFAS

condition demonstrating higher rates of dis-
counting. Follow-up completion rates were 88%
(N¼ 85) and 67% (N¼ 65) for 1- and 6-months
respectively (See Table 1 for baseline demo-
graphic statistics).

The Hursh and Silberberg (2008) exponen-
tial demand equation provided an excellent fit
(R2¼.99) for the aggregated data (i.e., sample
mean consumption values) and a good fit for
individual participant data (mean R2¼.85).
The discounting equation provided a good fit
(R2¼ .87) for the aggregated data and
the participant data (mean R2¼.86). The
authors used a similar criterion as Reynolds
and Schiffbauer (2004) and included values for
analyses only when the equation accounted for
at least 30%of the variance (one participant was
excluded from the elasticity analyses and zero
from discounting for this reason).

Correlations between baseline alcohol and
marijuana use variables and behavioral eco-
nomic variables are shown in Table 2. There
were moderate to strong positive associations
between the reinforcement ratio and typical
weekly drinking, binge drinking, marijuana use
days, alcohol problems, and marijuana prob-
lems. Intensity, Omax, and elasticity were
correlated with drinks per week and binge
drinking. Intensity was also significantly corre-
lated with alcohol and marijuana problems.

Table 1

Baseline demographic and substance use characteristics

Total Sample SFAS Education

N 97 50 47
Age—M (SD) 20.10 (2.23) 20.14 (2.32) 20.06 (2.16)
Gender—(%)
Male 40 (41.2) 21 (42.0) 19 (40.4)
Female 57 (58.8) 29 (58.0) 28 (59.6)
Race/Ethnicity—(%)
White or Caucasian 58 (59.8) 30 (60.0) 28 (59.6)
Black or African-American 30 (30.9) 15 (30.0) 15 (31.9)
Other 2 (9.3) 5 (10.0) 4 (8.5)
Class—(%)
Freshman 52 (54.2) 28 (57.1) 24 (51.1)
Sophomore 16 (16.7) 6 (12.2) 10 (21.3)
Junior 14 (14.6) 5 (10.2) 9 (19.1)
Senior 12 (12.5) 8 (16.3) 4 (8.5)
Other1 2 (2.1) 2 (4.1) 0 (0)
Drinks Per Week 13.49 (9.60) 15.34 (9.90) 11.53 (8.97)
Past Month Binge Episodes 4.01 (3.84) 4.74 (4.17 3.23 (3.32)
Alcohol Related Problems (0–49) 11.32 (8.23) 11.72 (8.60) 10.89 (7.89)
Past Month Marijuana Use Days 12.22 (10.67) 12.45 (10.74) 11.97 (10.77)
Past Month Drug Problems (0–19) 3.01 (4.26) 3.20 (4.11) 2.80 (4.25)

Note. 1Participants categorized as “other” were students who were either in between years (i.e., third semester junior) or
those who declined to answer.
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Delay discounting was not significantly corre-
lated with any substance use variables.

Change in Delay Discounting and RV by
Condition

A series of time by group (2� 2) repeated-
measures ANOVAs were used to examine
change in RV and discounting variables at 1-
month postintervention. Means, standard devi-
ations, and within-subjects effect sizes for
discounting and RV variables are presented in
Table 3. There were significant reductions in
intensity (F(1, 74)¼ 22.81, p < .001, hp2¼.24)
and Omax values (F (1, 77)¼ 15.91, p < .001,

hp2¼.17) and an increase in elasticity values
(greater elasticity¼more price sensitivity) (F
(1, 66)¼ 18.97, p < .001, hp2¼.22) across
conditions. There were no significant condition
effects and there were no significant changes in
discounting or the reinforcement ratio from
baseline to 1 month.

Predictive Utility of Discounting and
Substance RV

Drinks per week, binge drinking, alcohol
problems, marijuana use days, and marijuana-
related problems at 6months were regressed on
discounting and reward value variables

Table 2

Correlations between substances use and behavioral economic variables

1 2 3 4 5 6 7 8 9 10

1. Drinks Per Week – .590** .480** .330** .205* .390* .289* −.265* .437** −.029
2. Binge Episodes – – .350** .219* .145 .267* .227* −.217* .382* −.063
3. Alcohol Problems – – – .121 .394** .391** .189 −.050 .352** .020
4. Marijuana Days – – – – .712** .072 −.070 −.027 .482** .074
5. Drug Use Problems – – – – – .188 −.055 .040 .467** .032
6. Intensity – – – – – – .493** −.385** .209 .071
7. Omax – – – – – – – −.835** .131 .036
8. Elasticity – – – – – – – – −.169 −.017
9. Reinforcement Ratio – – – – – – – – – −.142
10. Delay Discounting – – – – – – – – – –

*p� .05.
**p� .01.

Table 3

Baseline and one-month follow-up means (sd) and effect sizes for behavioral economic variables by
treatment condition.

Baseline 1 month follow-up Baseline to 1 month

Variable Mean SD Mean SD d

Intensity
MI þ SFAS (n ¼ 44) 9.60 5.14 6.31 3.39 .76
MI þEDU (n ¼ 33) 8.79 5.17 6.39 4.02 .52
Omax
MI þ SFAS (n ¼ 44) 17.47 9.98 15.55 11.18 .19
MI þEDU (n ¼ 36) 18.83 11.05 12.79 9.64 .55
Elasticity
MI þ SFAS (n ¼ 39) .0057 .0027 .0067 .0042 .29
MI þEDU (n ¼ 30) .0065 .0050 .0083 .0062 .37
R-ratio
MI þ SFAS (n ¼ 38) .3076 .1620 .2636 .2029 .24
MI þEDU (n ¼ 31) .2968 .1800 .2308 .1959 .35
Delay Discounting
MI þ SFAS (n ¼ 44) .0713 .0350 .0726 .1410 −.01
MI þEDU (n ¼ 38) .0264 .0293 .0527 .1228 −.36

Note. MI ¼ Motivational Intervention, SFAS ¼ Substance Free Activity Session, EDU ¼ Education control, ns differed
slightly, means reported are for sample size used for baseline to one month comparisons. Positive effect sizes reflect an
improvement in the variable. There were no significant differences between conditions.
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separately (See Tables 4 & 5). Baseline values of
discounting and reward value variables were
entered in the first block of the regression
equation along with the baseline value of each
DV (e.g., drinks per week) and gender as

covariates. The change from baseline to 1
month was entered in the next block.

Baseline discounting and RV values. Base-
line intensity was significantly associated with
binge drinking, alcohol-related problems, and

Table 4

Regression results for post-treatment changes in behavioral economic variables predicting alcohol use
variables at six-month follow-up

B SEB b t p-value DR2

Change in intensity predicting substance use
Typical drinking

Baseline Intensity 4.24 2.63 .299 1.61 .113 .000
D Intensity −.755 .413 −.314 −1.83 .073 .033

Binge Drinking
Baseline Intensity 1.74 .801 .475 2.17 .035* .007
D Intensity −.260 .125 −.421 −2.08 .043* .053

Alcohol problems
Baseline Intensity 2.22 .819 .494 2.71 .009* .001
D Intensity −.471 .128 −.619 −3.68 .001* .147

Change in Omax predicting substance use
Typical drinking

Baseline Omax 3.33 1.19 .322 2.80 .007* .032
D Omax −.398 .166 −.277 −2.40 .020* .052

Binge Drinking
Baseline Omax .795 .349 .292 2.28 .027* .032
D Omax −.084 .047 −.227 −1.79 .079 .038

Alcohol Problems
Baseline Omax .340 .383 .103 .887 .379 .002
D Omax −.182 .052 −.398 −3.46 .001* .133

Change in elasticity predicting substance use
Typical drinking

Baseline elasticity −249.19 113.74 −.247 −2.191 .033* .029
D elasticity −102.47 50.525 −.243 −2.028 .048* .043

Binge Drinking
Baseline elasticity −69.38 32.22 −.257 −2.15 .036* .039
D elasticity −25.973 14.18 −.229 −1.83 .073 .041

Alcohol problems
Baseline elasticity −35.19 38.84 −.109 −.906 .369 .004
D elasticity −29.50 17.66 −.220 −1.67 .101 .038

Change in R-ratio predicting substance use
Typical drinking

Baseline R-ratio −5.005 3.306 −.184 −1.51 .137 .026
D R-ratio −1.713 3.761 −.049 −.456 .651 .002

Binge drinking
Baseline R-ratio −1.026 1.025 −.143 −1.00 .322 .015
D R-ratio −1.702 1.116 −.186 −1.53 .134 .032

Alcohol problems
Baseline R-ratio .311 1.110 .036 .280 .780 .001
D R-ratio −3.28 1.324 −.296 −2.48 .017* .078

Change in discounting predicting substance use
Typical drinking

Baseline Discounting −1.727 4.391 −.042 −.393 .696 .010
D Discounting −8.42 4.76 −.193 −1.78 .082 .030

Binge drinking
Baseline Discounting −1.78 1.24 −.166 −1.44 .157 .036
D Discounting −.932 1.34 −.083 −.697 .489 .006

Alcohol problems
Baseline Discounting −1.62 1.51 −.122 −1.08 .287 .021
D Discounting −1.178 1.60 −.084 −.737 .464 .006
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days of marijuana use at 6-month follow-up
(see Tables 4 & 5 for regression results).
Higher baseline Omax was associated with
more drinks per week, binge episodes, and
marijuana use days at 6-month follow-up.
Lower baseline levels of elasticity were asso-
ciated with more drinks per week and binge
episodes at 6-month follow-up. Higher levels
of the baseline reinforcement ratio predicted
more marijuana use days and problems at 6-
month follow-up. Baseline delay discounting
values did not predict any substance use
variables at 6 months.

Change in discounting and RV from baseline
to 1-month. Greater decreases in intensity were
related to significantly lower binge drinking,
and trend-level reductions in weekly drinking at
6-month follow-up. Greater deceases in Omax
predicted significantly fewer drinks per week
and alcohol-related problems, and trend level
reductions in binge drinking, at the 6-month
follow-up. Increases in elasticity were associated
with significantly fewer drinks per week and

trend-level reductions in binge episodes. De-
creases in reinforcement ratio predicted fewer
alcohol-related problems at 6-month follow-up.
Decreases in discounting were associated with
trend-level reductions in drinks per week.

Decreases in intensity were significantly
associated with fewer marijuana use days and
marijuana-related problems at 6-month follow-
up. Decreases in R-ratio were associated with
fewer marijuana days at 6-month follow-up.
Changes in Omax, elasticity and discounting did
not predict 6-month marijuana use.1

Supplemental analyses (available from the
authors upon request) examined rate depend-
ence using the method outlined by Bickel,
Landes et al. (2014). For discounting and each

Table 5

Negative binomial regression results for post-treatment changes in behavioral economic variables
predicting marijuana variables at six-month follow-up

Variable b SE b Wald x2 p-value

Change in intensity predicting substance use
Marijuana Use

Baseline Intensity .033 .055 .360 .548
D Intensity −.304 .075 16.30 .000*

Marijuana Problems
Baseline Intensity .134 .0723 3.46 .063
D Intensity −2.85 .090 9.94 .002*

Change in Omax predicting substance use
Marijuana Use

Baseline Omax −.051 .019 6.78 .009*

D Omax −.027 .021 1.78 .182
Marijuana Problems

Baseline Omax −.035 .027 1.70 .192
D Omax −.050 .30 2.79 .095

Change in elasticity predicting substance use
Marijuana Use

Baseline elasticity 1.25 57.10 .000 .983
D elasticity 36.75 36.96 .989 .320

Marijuana Problems
Baseline elasticity 28.05 56.58 .246 .620
D elasticity −69.52 63.81 1.19 .276

Change in R-ratio predicting substance use
Marijuana Use

Baseline R-ratio 4.98 1.01 24.24 .000*

D R-ratio −8.06 1.57 26.45 .000*

Marijuana Problems
Baseline R-ratio 3.70 1.51 6.01 .014*

D R-ratio 1.54 1.91 .651 .420

Note: Analyses examining delay discounting are not shown due to the omnibus model not reaching significance.

1 Additional analyses were conducted to examine change
in intensity, Omax and elasticity as mediators of the effect of
treatment condition on marijuana use days. Preacher &
Hayes’ (2008) bootstrapping methodology for indirect
effects based on 5000 bootstrap resamples to describe the
confidence intervals of indirect effects revealed no signifi-
cant mediation effects.
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RV variable, change was regressed on baseline
level of that variable centered about itsmean.CIs
for the intercept from these regressions provide
a goodness-of-fit test for regression to the mean;
CIs containing 0 imply that regression to the
mean is a plausible explanation of any rate-
dependent effect. A bootstrap method was also
used (using 1,000 bootstrapped samples per
study group) to obtain a nonparametric verifi-
cation of regression to the mean’s goodness of
fit. Intensity, Omax, and discounting had im-
proved postintervention rates relative to pre-
treatment levels, and individuals with higher
intensity, Omax, R-ratio and discounting at base-
line tended to improve their rates of these
variablesmore; however, the change indiscount-
ing was likely due to regression to the mean.
Thus only intensity and Omax, showed evidence
of rate dependence suggesting that those who
were higher on intensity and Omax were more
likely to improve on these indices and that this
was not likely explained by regression to the
mean. Although there was evidence of rate
dependence on reinforcement ratio, the con-
fidence interval of the intercept included 0 and
therefore indicated that regression to the mean
likely explains this finding. There was no
evidence of rate dependence for elasticity.

Discounting and reinforcing value matrix. A
series of ANCOVAs were used to examine the
potential interaction between levels of delay
discounting and RV, and change in substance
use variables (typical drinking, binge drinking,

alcohol problems, marijuana days, and mar-
ijuana use problems) by condition. A composite
variable for RV was created by taking the
average of the z scores for Omax and elasticity.
Omax and elasticity were selected because they
were related to 6-month substance use out-
comes and previous research indicates that they
form a coherent factor that reflects price
sensitivity (MacKillop et al., 2009). Median
splits were used to categorize individuals as high
or low on this composite of RV and on delay
discounting, and individuals were then catego-
rized as being high in both (RV and discount-
ing), low in both, high in RV only, or high in
discounting only. There was a main effect for
the RV-discounting matrix variable on 6-month
binge drinking after controlling for condition
and baseline drinking level (F (3,50)¼ 3.68;
p¼.018. Follow-up contrasts indicated that
those who had high RV only (low discounting)
had higher levels of postintervention drinking
than those who had high discounting only (low
demand) (p¼.009) or those who were low in
both discounting and RV (p¼.003). There was
no condition by matrix interaction. There was a
significant matrix by condition interaction (F
(3,52)¼ 3.98; p¼.013) onmarijuana use days at
6-month follow-up. Participants who were high
in RV and in the SFAS condition reduced their
marijuana use days at 6 months whereas those
with high RV in the education condition and
those with low RV in either condition did not.
(See Fig. 1).

Fig. 1. Change in marijuana use days by reinforcing value (rv) status and condition.
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Discussion

The goal of this study was to examine delay
discounting and RV as predictors of outcomes
following a brief substance use intervention
(BMIþ SFAS) that directly targeted these
mechanisms. The effect of baseline levels of
and the change in the RV and discounting
variables on response to intervention was
examined, as was the direct effect of the
interventions on these variables. Overall, RV
(specifically alcohol demand) was significantly
reduced after a BMI, but there was no addi-
tional advantage for a supplemental behavioral
economic session. Several measures of RV
(Intensity, Omax, and elasticity) were predictive
of greater drinking at 6-month follow-up,
suggesting that those with higher demand for
alcohol may have a more difficult time moder-
ating their drinking after a brief intervention
than those with lower demand. This is consis-
tent with a previous study that indicated that
elevated alcohol demand predicted poor treat-
ment response (MacKillop & Murphy, 2007).
Changes (improvements) in these RV metrics
were even more robust predictors of substance
use outcomes at 6-month follow-up. Change in
RV was most predictive of change in marijuana
and alcohol problems, with changes in intensity
showing the largest effect sizes (accounting for
11–15% of the variance in follow-up marijuana
and alcohol problems, respectively). Change in
Omax accounted for 13% of the variance in
follow-up drinking.

There were significant changes (improve-
ments) in intensity, Omax, and elasticity after the
brief intervention and, as noted above, change
in these variables predicted less follow-up
drinking and/or problems. Although there
was not a significant group-level change in
reinforcement ratio, posttreatment decreases
in this variable predicted lower levels of alcohol
problems and marijuana use at the 6-month
follow-up. Although one previous study dem-
onstrated that individuals who derive a large
proportion of their total reinforcement from
substance-related activities report more drink-
ing after an intervention (Murphy et al., 2005),
this is the first study to show this relationship
with marijuana use. It is of note that rate-
dependence analyses of this variable suggest
regression to the mean cannot be ruled out as
an explanation for this finding and thus
attempts at replication should be made. Over-

all, consistent with behavioral economic theory,
individuals for whom substances provide the
most reliable source of reinforcement may be
less able to reduce marijuana use or to modify
their drinking in order to avoid alcohol
problems Bickel, Landes et al. 2014). It is
interesting that change in intensity, a measure
of alcohol demand, was associated with fewer
marijuana-related problems postintervention,
and that participants with higher levels of
alcohol demand reduced the number of days
they used marijuana after a BMIþ supplemen-
tal intervention that aimed to increase involve-
ment in substance-free activities (SFAS)
compared to those in a BMI plus education
control condition. These results suggest that
high alcohol demand may also be a risk factor
formarijuana use (Yurasek et al., 2013) and that
reducing alcohol demand may lead to reduc-
tions in marijuana use. Thus, it is possible that a
behavioral economic intervention may help
those with high RV to reduce their marijuana
use, perhaps by increasing the valuation of
alternative reinforcers.

Surprisingly, discounting was not predictive
of response to intervention nor did it change
following a brief substance use intervention that
attempted to increase future orientation. Fur-
ther, higher level of discounting did not seem to
interact with high RV to increase risk of
nonresponse to intervention, nor was it corre-
lated with any substance use variables at base-
line. Although there was a trend-level finding
that decreases in discounting were associated
with drinking reductions, the general pattern of
null results for discounting is inconsistent with
the literature that suggests that lower levels of
delay discounting are related to less drinking
and fewer alcohol-related problems (MacKil-
lop, Mattson, MacKillop, Castelda, & Donovick,
2007), and that higher discounting is related to
higher levels of substance use after an inter-
vention (Passetti et al., 2008 MacKillop &
Kahler, 2009; Stanger et al., 2012; Yoon et al.,
2007). However, there have also been studies
that have found that discounting is not related
to substance use after treatment in adult
marijuana users (Peters, Petry, LaPaglia, Rey-
onds, & Carroll, 2013). A previous study with a
similar sample of college drinkers and inter-
vention approaches found that the BMIþ SFAS
intervention increased scores on a self-report
index of the Consideration of Future Conse-
quences (Murphy et al., 2012) but did not
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impact delay discounting (nor did discounting
predict outcomes in that study). Monetary
choice measures of discounting may be less
useful with college students given their limited
income and limited experience with savings
(Dennhardt & Murphy, 2011). Interestingly,
discounting has predicted outcomes with ado-
lescent substance abusers who likely have
similar income profiles, but more severe sub-
stance use patterns (Stanger et al., 2012), so it is
also possible that discounting is a more relevant
risk factor for more severe populations.

Implications and Future Directions
These results are consistent with behavioral

economic theory and suggest that, overall,
elevated RV is a risk factor for poorer response
to enhanced BMI interventions, but that these
interventions are associated with change in RV
and that the degree of reduction in RVmay be a
clinically useful index of response to interven-
tion and need for further treatment. Addition-
ally, individuals who have high alcohol demand
and use marijuana may be ideal candidates for
an enhanced BMI intervention that includes
behavioral economic elements. A previous
study found that the behavioral economic
SFAS session also resulted in greater reductions
in alcohol problems, but that finding was not
replicated in the current study, perhaps due to
the shorter SFAS session length (30min in the
current study compared to 60min in Murphy
et al., 2012). Future research should continue
efforts to develop translational research inter-
ventions that target variables that have been
identified as risk factors for poor intervention
response. Future research should also evaluate
the utility of matching individuals to more
versus less intensive interventions based on
ongoingmeasurement or substance reinforcing
value.

Limitations. A notable limitation of this
study is the relatively small sample size, the
small percentage of eligible participants en-
rolled, andmoderate levels of 6-month attrition
that may have limited our ability to detect
predictive outcomes and prevented us from
evaluating formal moderation. There were also
baseline group differences in drinking and
delay discounting, and although we controlled
for baseline levels of these variables in our
analyses, this difference may have impacted the
analyses examining group effects on these

constructs. Another limitation is that this study
did not include a no-intervention control
condition. Although we hypothesized that the
SFAS, which directly targets RV and delay
discounting, would have larger effects on these
variables, all participants received an alcohol
BMI that focused on the negative consequences
of drinking and this may have impacted these
variables as well. Further, this study did not
include measurement of discounting or RV
immediately after the intervention (first post-
interventionmeasurement was at 1month). It is
possible that if the SFAS intervention did
impact discounting it may have done so in a
manner not detected by our hypothetical
monetary choice measure, or that the effect
may have dissipated over time. Another limi-
tation is that this study included a single
measure of discounting that assessed choices
with one larger delayed reward amount. Some
research suggests that using measures that
assess choices over a larger range of reward
magnitudes may be beneficial (Green et al.,
1997; Green, Myerson, & McFadden, 1997).
More frequent and precise measurement using
experiential (Reynolds & Schiffbauer, 2004) or
nonmonetary discounting indices, as well as
paper–pencil measures of related constructs
such as time orientation (Murphy et al., 2012),
may have also been beneficial in detecting what
may be small, potentially unstable effects.
Further, although our results suggesting that
alcohol demand is relevant to marijuana use
outcomes is interesting, future research should
include a measure of marijuana demand
(Collins, Vincent, Yu, Liu, & Epstein, 2014).
Finally, although research has shown that
college student self-report measures of sub-
stance use are generally accurate (Hagman,
Clifford, Noel, Davis, & Cramond, 2007), a
biological measure of alcohol or marijuana use
may have been helpful in confirming these
results.

Despite these limitations, these results extend
the extant literature by suggesting that the
behavioral economic variable of RV is an
indicator of substance use pathology and,
most importantly, that change in RV is an
important predictor of response to substance
use interventions in college students (Bickel,
Johnson et al., 2014). Future research should
study the utility of RV as amechanism of change
by including more precise and frequent meas-
ures of demand and relative substance-related
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reinforcement. These indicesmay also be useful
for identifying individuals who have not re-
sponded to an intervention and who may
require alternate or more intensive interven-
tion. Hypothetical money choice measures of
delay discounting may be less useful predictors
of intervention outcomes in nontreatment
seeking college samples.
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