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Behavioral theories of choice predict that substance use is partly a function of the relative
value of drugs in relation to other available reinforcers. This study evaluated this hypothesis
in the context of predicting drinking outcomes following an alcohol abuse intervention.
Participants (N � 54, 69% female, 31% male) were college student heavy drinkers who
completed a single-session motivational intervention. Students completed a baseline measure
of substance-related and substance-free activity participation and enjoyment. Only women
showed a significant reduction in drinking at the 6-month follow-up, and the ratio of
substance-related to substance-free reinforcement accounted for unique variance in their
drinking outcomes. Women who at baseline derived a smaller proportion of their total
reinforcement from substance use showed lower levels of follow-up drinking, even after the
authors controlled for baseline drinking level. Male and female participants who reduced their
drinking showed increased proportional reinforcement from substance-free activities.
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National surveys indicate that approximately 40% of U.S.
college students report at least one heavy drinking episode
during a given 2-week period (O’Malley & Johnston, 2002).
Every year, large numbers of college students also experi-
ence alcohol-related health and social problems, including
risky sexual behavior, physical or sexual assault, and seri-
ous accidents or fatalities (Hingson, Heeren, Zakocs, Kop-
stein, & Wechsler, 2002). Accordingly, prevention and
treatment of young adult alcohol abuse has become a sig-
nificant research and public health priority (Ham & Hope,
2003; National Institute on Alcohol Abuse and Alcoholism,
2002).

A number of studies have found that brief motivational
interventions are well received by young adult drinkers and
result in reductions in alcohol consumption and related

harm that exceed various control conditions (Baer, Kivla-
han, Blume, McKnight, & Marlatt, 2001; Monti et al., 1999;
Murphy et al., 2001). However, mean levels of consumption
remain relatively high at follow-up, and a substantial per-
centage of students do not show clinically significant im-
provement (Larimer & Cronce, 2002; Roberts, Neal, Kiv-
lahan, Baer, & Marlatt, 2000). A potential limitation of
existing brief interventions is that they focus exclusively on
increasing intrinsic motivation to decrease substance use but
neglect more global environmental and behavioral variables
that might influence drinking patterns. The present study
uses a behavioral theories of choice (BTC; Herrnstein,
1970; Premack, 1965; Rachlin, Green, Kagel, & Battalio,
1976) framework to examine the influence of reinforcement
variables on drinking outcomes following a brief
intervention.

BTC were developed to account for choice between mul-
tiple reinforcers, which makes them ideally suited for pre-
dicting drug use in real world situations where there are
many available activities (McDowell, 1988; Vuchinich &
Tucker, 1996). A key advantage of BTC is their potential to
predict the conditions in which drugs will be highly pre-
ferred or valued reinforcers (Bickel, Madden, & Petry,
1998; Vuchinich & Heather, 2003). In laboratory settings,
reinforcing value is quantified by the amount of behavior
(e.g., lever presses) maintained by a reinforcer. According
to BTC, reinforcing value is critically influenced by the
environmental context of other available reinforcers (Rach-
lin et al., 1976). High rates of drug use are most likely in
contexts devoid of substance-free sources of reinforcement,
and drug use will generally decrease if access to alternative
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reinforcers is increased (Higgins, Heil, & Plebani-Lussier,
2003). These predictions have received considerable empir-
ical support through controlled laboratory research with a
variety of species (e.g., rats, monkeys, humans), drugs (e.g.,
cocaine, ethanol, heroin, nicotine), and nondrug reinforcers
(e.g., food, money, saccharin, video game playing; see
reviews by Carroll, 1996; Higgins et al., 2003; Vuchinich &
Tucker, 1988).

Herrnstein’s (1970) matching law provides a means of
quantifying the reinforcing value of qualitatively different
reinforcers. The matching law [log B1/B2 � a(log r1/r2) �
log c] states that the proportional resource allocation di-
rected toward available activities (B1/B2) equals the propor-
tion of reinforcement obtained from the activities (r1/r2).
The a and c parameters reflect sensitivity to reinforcement
frequency and bias for one or the other alternative, respec-
tively (Baum, 1974). The matching law has accurately pre-
dicted choice in numerous laboratory studies involving a
variety of species and reinforcers (Mazur, 1991), including
studies examining drug administration (Anderson & Wool-
verton, 2000). Although behavior–reinforcement relations
are more difficult to quantify in the natural environment
(Vuchinich & Tucker, 1996), proportional resource alloca-
tion and enjoyment related to drugs relative to drug-
free reinforcers have been used to measure the availability
and reinforcing value of drugs relative to other reinforcers
in the individual’s environment (i.e., relative reinforcing
value).

Relative reinforcing value might provide a novel index of
drug problem severity (Correia & Carey, 1999; Tucker,
Vuchinich, & Rippins, 2002; Vuchinich & Tucker, 1996).
For an individual who engages in a number of reinforcing
activities other than substance use, an addictive behavior
pattern may decrease after a relatively minor increase in
substance-free reinforcement, for example, after beginning
an exercise regimen or a relationship with an abstainer.
However, if substance use accounts for a large proportion of
total reinforcement and there are few valued alternatives,
the individual may require more intensive interventions to
increase drug-free sources of reinforcement (e.g., Higgins &
Silverman, 1999). Thus, the relative reinforcing value of
drugs and alcohol may provide a means of discriminating
among individuals with similar substance use patterns but
different levels of risk on the basis of their overall pattern of
resource allocation and obtained reinforcement (Murphy &
Vuchinich, 2002).

For example, a recent prospective study of individuals
attempting to resolve an alcohol problem without treatment
used proportional money allocation to measure the relative
reinforcing value of alcohol (Tucker, Vuchinich, & Rippins,
2002). The amount of discretionary money allocated to
alcohol, relative to savings, was presumed to measure pref-
erence for the immediate reinforcement derived from alco-
hol versus the delayed reinforcement associated with saving
money. The authors were interested in quantifying prefer-
ence for alcohol relative to savings because a number of
studies have suggested that sharp discounting of delayed
rewards is a core feature of substance abuse (e.g., Baker,
Johnson, & Bickel, 2003; Bickel & Marsch, 2001; Green &

Myerson, 2004). The results indicated that relative resource
allocation to alcohol predicted drinking outcomes whereas
traditional measures of consumption and dependence did
not. Participants who relapsed within the 2-year follow-up
period allocated a greater proportion of their money to
alcohol in the year prior to the attempted resolution, even
though they drank similar amounts of alcohol.

Several recent studies have used reinforcement survey
instruments such as the Pleasant Events Schedule (MacPhil-
lamy & Lewinsohn, 1982) to measure behavior allocation
and reinforcement across substance-related and substance-
free activities (Correia & Carey, 1999). Reinforcement sur-
vey instruments measure the frequency of occurrence and
subjective pleasure of a variety of potentially rewarding
activities. A study with college students showed that sub-
stance use was positively related to substance-related rein-
forcement and negatively related to substance-free rein-
forcement (Correia, Simons, Carey, & Borsari, 1998). The
reinforcement ratio, which is based on the matching law and
designed to measure the reinforcement received from sub-
stance-related activities relative to total reinforcement (i.e.,
relative reinforcing value), accounted for unique variance in
substance use beyond substance-related reinforcement.
These results were replicated with a sample of psychiatric
patients (Correia & Carey, 1999) and suggest that the rela-
tive reinforcing value of substance use may be an important
measure of strength of preference for drugs and alcohol
(Murphy & Vuchinich, 2002). Other studies have found that
college student heavy drinkers (Correia, Carey, Simons, &
Borsari, 2003) and adult cocaine abusers (Van Etten, Hig-
gins, Budney, & Badger, 1998) report lower reinforcement
from several categories of nonsocial activities than do con-
trol participants.

The present study examined the prospective relations
between reinforcement variables and alcohol use among a
sample of heavy drinking college students who completed a
brief alcohol intervention (Murphy et al., 2004). We hy-
pothesized that the reinforcing value of substance use rela-
tive to other activities would predict students’ drinking
outcomes. Students who derived a larger proportion of their
total reinforcement from substance use were predicted to
show smaller drinking reductions than were students with
greater proportional reinforcement from substance-free ac-
tivities. We were also interested in identifying the impact of
drinking reductions on reinforcement from substance-free
activities.

Method

Participants

Potential participants were recruited through an extra-credit
screening available to undergraduate students enrolled in psychol-
ogy and communications courses at a large public university in the
southeastern United States. After completing an informed consent
form approved by the university’s institutional review board, stu-
dent volunteers (N � 331) completed the screening questionnaires
in exchange for 1 hr of course extra credit. The majority (77.6%)
of screened students were women, which is consistent with enroll-
ment patterns in psychology and communications courses. The
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screening packet contained the baseline assessment measures de-
scribed below. Participants who were in the upper 20% of the
weekly drinking distribution for their gender and had reported
having at least 1 alcohol-related problem in the past month were
invited to participate in the study. Research staff contacted eligible
participants by phone and described the study procedures. Students
were told that they would receive 1 hr of extra course credit for
their participation in a brief alcohol intervention and that they
would have the opportunity to earn $15.00 for participation in a
6-month follow-up assessment.

There were 54 students who qualified for the study and agreed
to participate. An additional 13 participants qualified for the study
but were not included because they could not be contacted (i.e., did
not return phone calls) or missed two or more intervention ap-
pointments. There were no significant differences on demographic
or drinking variables, including scores on the Readiness to Change
Questionnaire (Heather, Rollnick, & Bell, 1993), between eligible
participants who completed the intervention phase and those who
did not ( ps � .15).

Participants were randomized to one of two brief intervention
conditions that included personalized drinking feedback (PDF).
PDF interventions are intended to motivate students to decrease
levels of alcohol consumption and to avoid alcohol-related nega-
tive consequences (e.g., Dimeff, Baer, Kivlahan, & Marlatt, 1999),
and research suggests that they are often associated with signifi-
cant drinking reductions (Larimer & Cronce, 2002; Murphy et al.,
2001). The goal of the intervention aspect of the study was to
compare the efficacy of PDF delivered during a motivational
interviewing counseling session (W. R. Miller & Rollnick, 2002)
with PDF delivered without a counseling session (see Murphy et
al., 2004, for more details about the interventions).

The mean age of the 54 participants who completed an inter-
vention was 19.94 years (SD � 1.22, range � 18.00–25.00); 69%
were women and 31% were men, 94% were Caucasian, 2% were
African American, 2% were Asian American, 2% indicated
“other,” 74% were sophomores or juniors, and 52% belonged to a
fraternity or sorority. Relative to the overall undergraduate popu-
lation, treated participants were more likely to be Caucasian and to
belong to a fraternity or sorority, which is as expected because
these are risk factors for problem drinking (O’Malley & Johnston,
2002; Wechsler et al., 2002). Participants averaged 3.85
(SD � 1.27) drinking days per week, 2.98 (SD � 1.07) heavy
drinking days per week, and 24.12 (SD � 8.74) total drinks per
week on the Daily Drinking Questionnaire (DDQ; Collins, Parks,
& Marlatt, 1985). There were no significant differences between
the intervention groups on any baseline drinking or demographic
variables ( ps � .10).

Measures

Measures of alcohol consumption and alcohol-related prob-
lems. Alcohol measures were administered at preintervention
(i.e., screening) and at the 6-month follow-up. Total drinks per
week and frequency of heavy drinking per week were assessed
with the DDQ, which has been used frequently with college
students and is highly correlated with self-monitored drinking
reports (Kivlahan, Marlatt, Fromme, Coppel, & Williams, 1990).
Heavy drinking was defined as four or more drinks in an occasion
for a woman and five or more drinks in an occasion for a man
(Wechsler et al., 2002). E. T. Miller et al. (1998) found high (r �
.93) 1-week test–retest correlations for the DDQ estimate of drinks
per week. Alcohol-related problems common to college students
(e.g., missing class, getting into fights or arguments, driving after
drinking) were assessed with the Rutgers Alcohol Problem Inven-

tory (RAPI), a reliable and internally consistent (Borsari & Carey,
2000) instrument that accurately discriminates between young
adults with and without a Diagnostic and Statistical Manual of
Mental Disorders (3rd ed., rev.; American Psychiatric Association,
1987) alcohol-related diagnosis (White & Labouvie, 1989). This
version of the RAPI assesses the occurrence of 23 alcohol-related
problems over the prior 30 days. Scores can range from 0 to 23.

Illicit drug use. We asked participants to report the number of
days in which they had used any illicit drugs during the past 30
days.

Reinforcement variables. We used a modified version of the
Adolescent Reinforcement Survey Schedule (ARSS; Holmes, Sa-
kano, Cautela, & Holmes, 1991), the ARSS–Substance Use Ver-
sion (ARSS–SUV), to measure past-month reinforcement from
substance-related and substance-free activities. Past-month activity
frequency and enjoyment ratings were made with 5-point Likert
scales (0–4; Correia et al., 2003). Frequency ratings ranged from 0
(0 times over the past 30 days) to 4 (more than once per day), and
enjoyment ratings ranged from 0 (unpleasant or neutral) to 4
(extremely pleasant). The frequency and enjoyment ratings are
multiplied to obtain a cross-product score (range � 0–16), which
reflects reinforcement derived from the activity (Correia et al.,
2003; MacPhillamy & Lewinsohn, 1982). Several studies by
MacPhillamy and Lewinsohn (1982) have indicated that reinforce-
ment surveys provide reliable estimates of participation in reward-
ing activities that are consistent with peer and observer reports and
subsequent choice behavior. We modified the ARSS according to
the modifications that Correia et al. (2003) made to the Pleasant
Events Schedule. First, we administered each item twice to obtain
substance-related and substance-free frequency, pleasure, and
cross-product ratings. For example, participants rated (a) how
often they talked to the opposite sex while sober and how enjoy-
able they found these experiences and (b) how often they talked to
the opposite sex after using drugs or alcohol and how enjoyable
they found these experiences. Second, we omitted two subscales
that directly measured drug use so as to avoid artificially inflating
correlations with drug use measures (Correia et al., 2003). We also
eliminated two subscales that were not relevant to the present
analysis (e.g., Romantic Fantasy Activity and Home Avoidance
Activity) and six items that were either redundant (e.g., “sexual
intercourse” and “sexual intercourse in a car”) or dated (e.g., “go
to a drive-in”).

The ARSS–SUV contained 45 items and five internally consis-
tent (coefficient �s � .81–.90) substance-free and substance-re-
lated subscales (see Table 1 for a list of all subscales, alpha values,
and items). These five subscales were retained from the original,
factor analytically derived ARSS subscales (Holmes et al., 1991).
The Leisure subscale showed low internal consistency (substance-
free � � .36; substance-related � � .68), so we counted the items
toward the total score but did not compute Leisure subscale scores.
The average cross product from the items in each subscale repre-
sents the average reinforcement obtained from that domain. We
computed both substance-related and substance-free cross prod-
ucts for each subscale. The other variables of interest were the
average reinforcement from all substance-free activities (sub-
stance-free total), the average reinforcement from all substance-
related activities (substance-related total), and the total reinforce-
ment ratio, that is, substance-related total/(substance-free total �
substance-related total). The ratio ranges from 0 to 1, with higher
scores indicating a greater proportion of reinforcement from sub-
stance-related activities relative to substance-free activities (Cor-
reia et al., 1998).
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Results

Data Analysis Plan

The primary goal of the analysis was to test the hypoth-
esis that individuals who obtain a larger proportion of their
total reinforcement from substance use will show smaller
drinking reductions following a brief alcohol intervention.
A secondary goal was to determine the impact of drinking
reductions on levels of substance-free reinforcement and
proportional reinforcement from substance use (i.e., rein-
forcement ratio). We hypothesized that students who suc-
cessfully reduced their drinking would show increases in
substance-free reinforcement and decreases in proportional
reinforcement obtained from substance use. We were also
interested in describing the more general relations between
reinforcement variables, drinking variables, gender, and fra-
ternity or sorority membership. Finally, we conducted ex-
ploratory analyses that examined the relations between re-
inforcement variables and illicit drug use.

Data Distributions

The distributions for the ARSS–SUV total reinforcement
ratio score, DDQ drinks per week, RAPI alcohol-related
problems, and the frequency of drug use scores were square-
root transformed prior to analyses to correct for significant
(positive) skewness and kurtosis.

Demographic Differences in Alcohol Consumption
and Reinforcement Variables

We conducted a series of analyses of variance
(ANOVAs) to examine the influence of demographic vari-
ables on alcohol consumption and reinforcement variables.
Men reported significantly higher levels of baseline weekly
drinking than did women, F(1, 50) � 8.30, p � .01, but
there were no gender differences in levels of alcohol-related
problems ( p � .20). Table 2 shows descriptive data on the
reinforcement variables for men and women. Men showed
significantly higher levels of substance-free school rein-
forcement, F(1, 50) � 4.17, p � .05, and substance-related
family reinforcement, F(1, 50) � 9.06, p � .01. Men and
women showed similar reinforcement ratio scores (Ms �
.36 and .35, respectively).

Students who were members of fraternities or sororities
(52% of sample) reported levels of drinking similar to those
of students who were not in Greek organizations ( p � .50),
but Greek students reported higher levels of substance-free
reinforcement from dating, F(1, 50) � 9.06, p � .01; peer
interactions, F(1, 50) � 11.51, p � .01; and total substance-
free reinforcement, F(1, 50) � 13.79, p � .01. Greek
members also had significantly lower total reinforcement
ratio scores, F(1, 50) � 9.34, p � .01, which suggests that
substance use accounts for a smaller proportion of total
reinforcement for heavy drinkers who are members of
Greek organizations. A multivariate ANOVA found that

Table 1
Internal Consistency of the ARSS–SUV

ARSS–SUV factor

Internal consistency
(coefficient alpha)

Items
Substance-free
cross product

Substance-related
cross product

Dating Activity (9 items) .86 .90 Go places with opposite sex, talk with opposite sex, be noticed by
opposite sex, go out to eat with opposite sex, flirt with opposite
sex, get compliments from opposite sex, date opposite sex,
interact with opposite sex, kiss opposite sex

Peer Interaction (14 items) .90 .87 Go out to eat with friends, talk with same sex, go places with
friends, go for walk with friends, talk on phone with friends, go
to parties with friends, talk with friends about day’s activities,
get compliments from same sex, ride around in car with
friends, meet new people my age, go hang out where friends
meet, interact with people of own age and sex, receive E-mails
or letters from friends, write E-mail or letters to friends

Sibling/Family Interaction
(7 items)

.81 .83 Go places with siblings or family members, talk with siblings or
family members, go out to eat with siblings or family members,
tell secrets to siblings or family members, talk with siblings or
family members about day’s events, spend weekends/vacations
with siblings/family, discuss school with siblings/family

Sexual Activity (4 items) .87 .84 Heavy petting with opposite sex, sexual intercourse with opposite
sex, light petting with opposite sex, weekends/vacations with
opposite sex

School Activity (3 items) .82 .81 Going to school, studying, doing chores at home
Total score (45 items) .90 .92 Other items included in total score: participate in sports, read a

book, go to plays, ride a bicycle, go to work, stay home and
relax, go to a movie, play a musical instrument

Note. We created the ARSS–SUV using subscales and items from the Adolescent Reinforcement Survey Schedule (Holmes et al., 1991).
See text for details. ARSS–SUV � Adolescent Reinforcement Survey Schedule—Substance Use Version.
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there were no significant Gender � Greek Status interac-
tions on any reinforcement variables ( ps � .20). There were
no significant age or year in school differences on any of the
drinking or reinforcement variables ( ps � .20).

Concurrent Relations Between Reinforcement
Variables and Drinking Variables

We conducted a series of correlations to determine
whether baseline reinforcement variables were related to
baseline drinking variables. Reinforcement from substance-
related activities was positively related to weekly drinking
levels (r � .348, p � .01). The reinforcement ratio was
positively related to weekly drinking (r � .264, p � .06)
and alcohol-related problems (r � .370, p � .01). Sub-
stance-free reinforcement from dating (r � �.349, p � .01),
peer interactions (r � �.293, p � .04), and total substance-
free reinforcement (r � �.317, p � .02) were negatively
related to levels of alcohol problems.

We conducted exploratory analyses to determine whether
these relations were similar across men and women (see
Table 3). Women with higher levels of peer, dating, and
total substance-free reinforcement showed lower levels of
alcohol-related problems. Substance-free reinforcement

scales were not significantly associated with women’s
drinking levels, but the reinforcement ratio was significantly
correlated with rates of drinking and alcohol-related prob-
lems. Among men, substance-free peer interactions and
total substance-free reinforcement variables showed non-
significant, positive relations to baseline drinking (see Ta-
ble 3).

Drinking Outcomes

The primary drinking outcomes have been reported pre-
viously (Murphy et al., 2004). Ninety-four percent of treated
participants completed the 6-month follow-up. The 3 par-
ticipants who did not complete the follow-up were excluded
from the outcome analyses. A repeated measures ANOVA
revealed a significant effect for time on reported drinks per
week, F(1, 47) � 9.91, p � .01, that was qualified by a
significant Time � Gender interaction, F(1, 47) � 4.37, p �
.04. Contrast analyses indicated that women lowered their
weekly drinking from baseline to follow-up, F(1,
34) � 30.86, p � .01, but men did not ( p � .50). There
were no treatment group differences in drinking outcomes.
Across both groups, women decreased their weekly drink-
ing from 22.34 (SD � 8.13) drinks at baseline to 15.41
(SD � 8.55) drinks at follow-up. Men drank 29.47
(SD � 8.33) drinks per week at baseline and 28.06 (11.86)
drinks per week at follow-up. The ANOVA on reports of
alcohol-related problems showed no significant effect for
time and no significant Time � Group interaction ( ps �
.50). Greek membership status was unrelated to drinking
outcomes.

Relations Between the Reinforcement Ratio and
Drinking Outcomes

We used hierarchical regression analyses to determine
whether the proportion of total reinforcement obtained from
substance use at baseline (i.e., reinforcement ratio) pre-
dicted drinking outcomes after we controlled for baseline
drinking levels. Because women showed greater drinking
reductions than did men, which could influence the predic-
tive ability of the reinforcement variables, and because of
the gender differences in baseline correlations, we included

Table 2
Descriptive Data on ARSS–SUV Reinforcement Variables

ARSS–SUV
reinforcement

scale

Substance-free cross product Substance-related cross product

Men Women Men Women

M SD M SD M SD M SD

Peer Interaction 7.47 2.81 7.93 3.10 4.57 2.64 4.36 1.64
Dating 9.06 2.93 8.64 3.07 6.55 3.40 6.04 6.19
Sexual Activity 7.16 3.72 5.17 3.51 5.92 3.50 4.79 3.15
School 6.31 3.79 4.13* 3.42 1.15 2.35 0.57 1.41
Family 3.84 1.65 4.42 2.55 1.40 1.90 0.34* 0.62
Total 6.50 1.69 6.08 1.84 3.88 2.16 3.20 1.15

Note. ARSS–SUV � Adolescent Reinforcement Survey Schedule—Substance Use Version.
* p � .05

Table 3
Correlations Between Baseline ARSS–SUV Reinforcement
Variables and Baseline Drinking Variables

ARSS–SUV
reinforcement score

Men (n � 16) Women (n � 35)

Weekly
drinking

Alcohol
problems

Weekly
drinking

Alcohol
problems

Substance Free subscale
Peer Interaction .443 .251 �.135 �.508**
Dating .037 �.336 �.05 �.350*
Sexual activity .350 �.148 �.162 �.188
School .307 .323 �.022 �.144
Family .163 .274 .025 �.015

Substance Free (total) .421 .099 �.135 �.471**
Substance Related (total) .361 .293 .278 .143
Reinforcement ratio .154 .203 .338* .462**

Note. ARSS–SUV � Adolescent Reinforcement Survey Sched-
ule—Substance Use Version.
* p � .05. ** p � .01
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a Gender � Reinforcement Ratio interaction term in the
regression model. Table 4 shows the regression results.
Both the reinforcement ratio and the gender interaction
variable were significant predictors of drinking outcomes.
The significant gender interaction indicates that the relation
between reinforcement ratio and drinking was different for
men and women, so we conducted separate models for men
and women. The reinforcement ratio accounted for unique
variance in the 6-month drinking outcomes of women,
�R2 � .08, t(34) � 2.29, p � .03, but not of men (see Table
4). Women who at baseline derived a larger proportion of
their total reinforcement from drinking showed higher lev-
els of drinking at follow-up. Thus, the relative reinforcing
value of substance use predicted follow-up drinking rates
after we controlled for baseline drinking. There was no
effect for treatment group on any reinforcement variables.

Changes in Reinforcement Variables Following
Treatment

To determine the impact of drinking reductions on rein-
forcement variables, we examined change in substance-free
reinforcement variables and the reinforcement ratio among
participants who reported moderate to large reductions in
weekly drinking (n � 27; 54% of sample). We defined a
reduction of five or more drinks per week, which corre-
sponds with a one-half standard deviation effect size reduc-
tion, as moderate (Kazdin, 1998). Table 5 shows the base-

line and follow-up substance-free reinforcement scores
among students who reduced their drinking by five or more
drinks per week. These students showed a significant reduc-
tion in substance-free reinforcement from peer interactions,
t(26) � 2.16, p � .04, and a significant increase in sub-
stance-free school reinforcement, t(26) � �2.22, p � .03.
Participants who reduced their drinking also showed a sig-
nificant reduction in reinforcement ratio scores,
t(26) � 2.90, p � .01, which indicates that their drinking
reduction was associated with a decrease in proportional
reinforcement obtained from substance use. Men and
women showed similar changes in these variables.

Relations Between Reinforcement Variables and
Drug Use

Although illicit drug use was not targeted in the interven-
tion, we conducted exploratory analyses that examined the
relations between reinforcement variables and drug use in
this sample of heavy drinkers. The percentage of partici-
pants who reported past-month illicit drug use was 55% at
baseline and 48% at follow-up. There were no gender or
treatment group differences in drug use. Participants who
used drugs did so on an average of 11.29 (SD � 9.73)
past-month days at baseline and 10.79 (SD � 9.11) days at
follow-up. Participants with greater levels of substance-free
dating, peer, and total reinforcement reported lower levels
of drug use at baseline (rs � �.393, �.280, and �.287,
respectively; ps � .05). The reinforcement ratio was posi-
tively correlated with baseline and follow-up substance use
(r � .339, p � .02, and r � .319, p � .03, respectively). The
relations between reinforcement variables and drug use
were similar for men and women. Multiple regression anal-
yses indicated that the reinforcement ratio did not account
for unique variance in drug use outcomes after we con-
trolled for baseline levels of drug use, but there may have
been insufficient change in drug use to detect an effect for
the reinforcement ratio.

Discussion

Basic laboratory research guided by BTC suggests that
reinforcement variables are critically related to the initiation

Table 4
Summary of Regression Analyses Predicting Drinking
Outcomes

Variable B SE B � t R2

All participants (N � 51)a

Model 1 .41
Baseline drinking .940 .160 .644 5.89***

Model 2 .52
Baseline drinking .677 .166 .462 4.07***
Reinforcement ratio 5.24 1.69 .388 3.09**
Gender �

Reinforcement
Ratio �1.41 0.49 �.353 �2.87**

Men (n � 16)b

Model 1 .25
Baseline drinking .715 .334 .496 2.14*

Model 2 .27
Baseline drinking .681 .346 .472 1.97
Reinforcement ratio 1.70 2.60 .157 0.65

Women (n � 35)

Model 1 .35
Baseline drinking .782 .185 .593 4.23**

Model 2 .43
Baseline drinking .620 .191 .469 3.24**
Reinforcement ratio 3.90 1.75 .322 2.23*

a Degree of freedom for t tests is 50. b Degree of freedom for t
tests is 15. c Degree of freedom for t tests is 34.
* p � .05. ** p � .01. *** p � .001

Table 5
Changes in ARSS–SUV Substance-Free Reinforcement
and Reinforcement Ratio Scores Among Participants With
Moderate to Large Drinking Reductions

ARSS–SUV
reinforcement scale

Baseline Follow-up

M SD M SD

Peer Interaction 8.42 2.87 7.24* 2.91
Dating 9.08 3.13 8.38 3.29
Sexual Activity 5.33 3.31 4.54 3.26
School 4.17 3.03 6.00* 3.37
Substance Free (total) 6.43 1.65 5.83 1.88
Reinforcement ratio .33 .11 .28** .12

Note. ARSS–SUV � Adolescent Reinforcement Survey Sched-
ule—Substance Use Version.
* p � .05. ** p � .01

98 MURPHY, CORREIA, COLBY, AND VUCHINICH



of substance use, the progression of use, and the cessation of
use (Bickel & Vuchinich, 2000; Carroll & Campbell, 2000;
Higgins et al., 2003; Hursh & Winger, 1995). The present
results suggest that reinforcement variables are also related
to drinking outcomes in a sample of young adults who
completed a brief intervention. Female drinkers who de-
rived a larger proportion of total reinforcement from sub-
stance use were less likely to reduce their drinking after a
motivational intervention than were female drinkers who
derived a greater proportion of reinforcement from sub-
stance-free activities. This measure of the relative reinforc-
ing value of substance use accounted for unique variance in
6-month drinking outcomes after we controlled for baseline
levels of drinking. These results are consistent with previous
research with untreated adult drinkers (Tucker, Vuchinich,
& Rippins, 2002) and suggest that the reinforcing value of
substance use relative to other activities may be a novel
index of strength of preference that predicts changes in use
over time and response to intervention.

The finding that the reinforcement ratio did not predict
drinking outcomes among men may be due to the limited
variability in baseline to follow-up drinking change among
men. The poor treatment response for men is surprising and
inconsistent with previous brief intervention research with
college drinkers (e.g., Baer et al., 2001; Fromme & Corbin,
2004; Larimer & Cronce, 2002). It is possible that the
differential efficacy across gender is related to the drinking
feedback elements included in the interventions. In addition
to feedback on their drinking rates and the presence of
alcohol-related problems, participants received information
on alcohol-related caloric intake and weight gain, informa-
tion that likely resonates with women more than with men.
It does not appear that the differential outcomes were due to
baseline differences in reinforcement variables. Men and
women showed similar baseline levels of total substance-
free reinforcement and proportional reinforcement from
substance use. Further research is needed to determine
whether reinforcement variables are related to treatment
outcome among men.

Implications for Substance Abuse Assessment

Proportional reinforcement from substance use relative to
substance-free activities operationalizes an important fea-
ture of young adult substance misuse: devoting considerable
time and resources to substance use relative to other activ-
ities. This feature is included in the Diagnostic and Statis-
tical Manual of Mental Disorders (4th ed.; American Psy-
chiatric Association, 1994) substance dependence criteria
but has not been explicitly measured with young adults.
Current measures of young adult substance abuse focus on
consumption levels, substance-related negative conse-
quences, and substance-related risky behavior (Tucker,
Vuchinich, & Murphy, 2002; Winters, 2001). Although
these measures provide important information on the imme-
diate risks and harmful effects associated with drinking,
they do not describe the relative prominence of substance
use relative to other reinforcers in the student’s environ-
ment, which may be more predictive of the course of

substance use over time (Tucker, Vuchinich, & Rippins,
2002). Behavioral allocation during the young adult years
may impact the availability of future reinforcement related
to primary life domains (e.g., employment, physical health,
relationships), which will, in turn, affect risk for develop-
mentally persistent substance abuse (Bennett, McCrady,
Johnson, & Pandina, 1999; Gotham, Sher, & Wood, 2003).
It would be interesting to study the prospective relations
between reinforcement variables and substance use over
longer periods of time and among samples of young adults
with more heterogeneous substance use practices.

Implications for Prevention and Treatment
Programs

The finding that reinforcement from substance-free peer
interactions decreased among students who reduced their
drinking is consistent with previous research showing that
college drinking is associated with positive social conse-
quences (Carey & Correia, 1997; Nyström, 1992), including
increased intimacy, self-disclosure in interpersonal relation-
ships (Nezlek, Pilkington, & Bilbro, 1994), and for male
students, greater social satisfaction (Murphy, McDevitt-
Murphy, & Barnett, 2005). These findings highlight the
complexity of efforts to reduce student drinking and might
explain why many college students continue to drink
heavily despite experiencing negative consequences and
being exposed to prevention programs (Larimer & Cronce,
2002; Licciardone, 2003; Murphy et al., 2004). Prevention
programs should attempt to increase the availability of
substance-free activities on college campuses.

Students who decreased their drinking showed increased
reinforcement from academic activities. This may suggest
that academic reinforcement is an important substitute for
drinking or that increased academic demands place an ex-
trinsic constraint on drinking. Perhaps university policy or
curriculum changes that increased the amount of time stu-
dents engage in structured activities (e.g., class, study hall,
and community service) would increase the costs associated
with heavy substance use, resulting in decreased use. Cur-
rently, most college students are required to attend class
only for approximately 15 hr per week and can drink at
fairly high levels without significant academic repercus-
sions (e.g., Paschall & Freisthler, 2003; Wood, Sher, &
McGowan, 2000).

Most individual interventions for college students use the
feedback or motivational counseling approaches used in this
study to increase intrinsic motivation to reduce substance
use (Dimeff et al., 1999; W. R. Miller & Rollnick, 2002).
However, the current results suggest that students with few
valued alternatives to substance use may require an inter-
vention that actually increases substance-free sources of
reinforcement rather than one that just increases motivation
to change drinking or drug use. This could be accomplished
within the framework of brief motivational approaches by
encouraging participation in academic, volunteer, and other
substance-free activities. Students with more severe sub-
stance abuse may require intensive interventions that at-
tempt to increase access to substance-free sources of rein-
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forcement, such as social skills training, behavioral activa-
tion, or community reinforcement (Jacobson et al., 1996;
Lejuez, Hopko, LePage, Hopko, & McNeil, 2001).
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