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ABSTRACT

This paper summarizes studies that investigated the relation between temporal discounting
and alcohol consumption. Thefirst study compared heavy and light social drinkers, and the second
study compared problem and light drinkers, on the degree to which they discounted the vaue of
(hypothetical) amounts of money available after aseriesof delays. Heavy social drinkersand problem
drinkersboth showed higher rates of temporal discounting than light drinkers, and thisdifference was
stronger in the second study. Both of these laboratory studies found that a hyperbolic function more
accurately described temporal discounting than an exponential function. A third study evaluated
predictors of relapse and continued resolution in problem drinkers who attempted to quit problem
drinking without treatment. The outcome groupsweredistinguished by the preresol ution proportions
of discretionary expenditures they allocated to alcohol and savings. The datafrom these studies are
consistent with extending behaviora theories of intertemporal choice to characterizing the
determinantsof alcohol consumption; they al so are consistent with more general behavioral economic

and economic theories of addiction that predict a positive relation between temporal discounting and

addiction.
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Delayed Reward Discounting in Alcohol Abuse
Rudy E. Vuchinich and Cathy A. Simpson
Auburn University
INTERTEMPORAL CHOICE, DISCOUNTING, AND DRINKING

Behavioral theory and research frame issues concerning impulsiveness and self-control within
the context of intertemporal choice between smaller sooner rewards (the impulsive choice) and
larger later rewards (the self-controlled choice) (e.g., Ainslie, 1975, 1992; Logue, 1988; Rachlin,
1974, Rachlin & Green, 1972). This behavioral conception of intertemporal choice has been
extended to studying alcohol use and abuse (e.g., Vuchinich, 1997; Vuchinich & Tucker, 1988),
with alcohol consumption and nondrinking activities that are more valuable in the long run (e.g.,
satisfying intimate, family, or social relations, or academic or vocational success) being analogous,
respectively, to the smaller sooner and larger later rewards used in the behavioral laboratory.
Laboratory experiments with normal drinkers have found that preference for alcohol varies
inversely with the amount and directly with the delay of nondrinking rewards (Chutuape, Mitchell,
& de Wit, 1994; Vuchinich & Tucker, 1983; Vuchinich, Tucker, & Rudd, 1987), and studies in
the natural environment with persons with alcohol problems have found that their drinking varies
directly with constraints on access to nondrinking rewards (Tucker, Vuchinich, & Gladsjo, 1994,
Tucker, Vuchinich, & Pukish, 1995; Vuchinich & Tucker, 1996).

The amounts and delays of the smaller sooner and larger later rewards are critical determinants
of preference in intertemporal choice situations (Logue, 1988). Another critical influence on
preference is the degree to which the value of delayed rewards are discounted during the times
before they are available, with higher rates of temporal discounting producing a stronger

preference for the smaller sooner reward (i.e, impulsiveness). Thus, an extension of this analysis
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to studying alcohol use and abuse implies that alcohol consumption would vary directly with the
rate of delayed reward discounting. More generally, recent behavioral (Herrnstein & Prelec,
1992), behavioral economic (Rachlin, 1997), and economic (Becker & Murphy, 1988) theories of
addiction all hold that higher rates of temporal discounting will increase the risk of addiction.

Two types of discount functions have dominated the relevant literatures: (1) A hyperbolic
function,

v, = V/(1 + kD), (D
which is common in the psychological literature (e.g., Ainslie, 1992; Mazur, 1987, Rachlin,
Raineri, & Cross, 1991), and (2) an exponential function,

v, =Ve*’, 2)
which is common in the economic literature (e.g., Becker & Murphy, 1988; Kagel, Battalio, &
Green, 1995). In both equations, v, is the present (discounted) value of a delayed reward, V is
the undiscounted value of a delayed reward, D is the delay from the present to receipt of a
delayed reward, and k is a constant that is proportional to the rate of discounting.

Hyperbolic and exponential discount functions imply quite different choice dynamics in
intertemporal choice situations (e.g., Ainslie, 1975; 1992). According to the exponential function,
each increment in delay produces a constant proportional decrement in reward value. Thus, when
the smaller sooner and larger later rewards are discounted at the same rate, preference between
them remains constant over time. In contrast, according to the hyperbolic function, an equal
increment in delay will produce a larger decrement in reward value at short delays than at long
delays. Thus, when the smaller sooner and larger later rewards are discounted at the same rate,

preference between them will reverse as a function of time.

These relationships are shown schematically in Figure 1, which represents a highly simplified
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two-option (alcohol consumption and a nondrinking reward) intertemporal choice situation.
Exponential discounting produces consistent preferences over time for either alcohol consumption
or the nondrinking reward. Prior to the time that alcohol consumption is available, an individual
with a higher exponential discount rate (top right panel of Figure 1) would consistently prefer
drinking and would emit no behavior that produced access to the larger later nondrinking reward.
On the other hand, an individual with a lower exponential discount rate (bottom right panel of
Figure 1) would show a consistent preference for not drinking and would emit nothing but
behavior that produced access to the larger later nondrinking reward. In contrast, hyperbolic
discounting produces inconsistent preferences over time for either alcohol consumption or the
nondrinking reward. Prior to the time that alcohol consumption is available, an individual with a
higher hyperbolic discount rate (top left panel of Figure 1) would shift earlier in time from
preferring the nondrinking reward to preferring drinking, and would emit less behavior over a
shorter duration that produced access to the larger later nondrinking reward. On the other hand,
an individual with a lower hyperbolic discount rate (bottom left panel of Figure 1) would shift
later in time from preferring the nondrinking reward to preferring drinking, and would emit more
behavior over a longer duration that produced access to the larger later nondrinking reward.
Either type of discount function would predict a positive relation between the rate of discounting
and drinking, and it is possible that different groups distinguished on the basis of their drinking
behavior would show different types of discount functions as well as different rates of

discounting.

Insert Figure 1 about here

STUDIES WITH THE REPEATED GAMBLES PROCEDURE
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Sarfati and White (1991) capitalized on the work of Rachlin, Logue, Gibbon, and Frankel
(1986) and reported data that seemed to indicate that heavy social drinkers discounted delayed
rewards at a higher rate than light social drinkers. Rachlin et al. (1986) attempted to synthesize
behavioral research on intertemporal choice, which focuses on reward amount and delay to
receipt, with cognitive research on risky choice (e.g., Kahneman & Tversky, 1984), which focuses
on reward amount and probability of receipt. The crux of Rachlin et al’s. argument was that the
effects on choice of probability of reward are reducible to the effects of delay of reward: Over a
series of trials, a high probability outcome occurs more often than a low probability outcome; so,
on average, high probability outcomes occur sooner after a given choice than low probability
outcomes. Thus, high and low probabilities in risky choice correspond to short and long delays in
intertemporal choice, respectively, and risk aversion and risk seeking in risky choice are special
cases of impulsiveness and self-control in intertemporal choice, respectively.

In order to evaluate the correspondence between delay and probability, Rachlin et al. (1986)
developed a repeated gambles procedure in which participants repeatedly chose between two
roulette-type wheels, a ““sure thing” that provided a smaller amount of (hypothetical) money at a
high probability, and a “risky gamble” that provided a larger amount of (hypothetical) money at a
lower probability. In this procedure, preference for the “sure thing” and “risky gamble”
correspond to risk aversion and risk seeking, respectively. In their study, Rachlin et al.
manipulated intertrial interval (ITT) across two groups of participants and found that the long ITI
group chose the sure thing option more often than the short ITI group, which supported their
synthesis of probability and delay and led them to attribute the greater risk aversion in the long
ITI group to the effects of discounting of delayed rewards (i.e., impulsiveness).

Sarfati and White (1991) applied these concepts and methods to the study of individual
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differences in impulsiveness among social drinkers. They reasoned that, if alcohol consumption is
an impulsive behavior in an intertemporal choice context, and if the repeated gambles procedure
measures impulsiveness, as argued by Rachlin et al. (1986), then heavy drinkers should be more
risk averse in the repeated gambles procedure than light drinkers. Their study compared the
choices of heavy and light social drinkers in the repeated gambles procedure. Their results
showed that heavy drinkers chose the sure thing option more often than light drinkers, which
apparently indicated greater risk aversion among the heavy drinkers, and implied that heavy social
drinkers discount delayed rewards at a higher rate than light social drinkers.

Sarfati and White’s (1991) finding was somewhat surprising, however, given that Silberberg,
Murray, Christensen, and Asano (1988) had reported four studies that strongly suggested that
choice in the repeated gambles procedure is not affected by rates of temporal discounting.
Moreover, the Sarfati and White (1991) study raised some questions about the relation between
drinking and impulsiveness as defined in behavioral research on choice and impulsiveness as
defined in research on personality characteristics. In the personality literature, impulsiveness is
viewed as a multidimensional construct that is positively correlated with risk-taking (e.g.,
Gorenstein & Newman, 1980; White, Moffit, Caspi, Bartusch, Needles, & Stouthamer-Loeber,
1994). Also, positive relationships have been found between drinking and impulsiveness as
measured by personality questionnaires (e.g., Sher & Trull, 1994). Thus, Sarfati and White’s
(1991) results are not what would be expected from this literature. That is, if drinking and
impulsiveness are positively related, and if impulsiveness (as measured by personality
questionnaires) and risk-taking are positively related, then heavy drinkers should be more risk
seeking (not more risk averse) than light drinkers in the repeated gambles procedure.

Because of these ambiguities, Vuchinich and Calamas (1997) attempted (1) to replicate Sarfati
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and White’s (1991) finding that heavy drinkers are more risk averse than light drinkers in the
repeated gambles procedure, and (2) to explore the empirical relations between drinking and
impulsiveness as defined by personality questionnaires and impulsiveness as defined by choice in
the repeated gambles procedure. The Vuchinich and Calamas study found no differences between
heavy and light social drinkers in their choice in the repeated gambles procedure, thus failing to
replicate Sarfati and White’s main finding. Moreover, they found that risk seeking in the repeated
gambles procedure was associated with more impulsiveness on the questionnaire measures. These
results, along with Silberberg et al’s. (1988) data, indicated that the repeated gambles procedure
is not a useful method for studying delayed reward discounting and impulsiveness. Thus, the
theoretical hypothesis of a positive relation between drinking and temporal discounting was not
adequately evaluated by the Sarfati and White (1991) study.
STUDIES WITH THE HYPOTHETICAL MONEY CHOICE TASK

Study 1: Comparing Temporal Discounting in Heavy and Light Social Drinkers

The primary purpose of this study (Vuchinich & Simpson, submitted) was to compare rates of
delayed reward discounting in heavy and light social drinkers using a procedure that generates a
quantitative estimate of the discount rate for individual participants and that can distinguish
between hyperbolic and exponential discount functions. This procedure, which we will call the
hypothetical money choice task, was developed by Rachlin et al. (1991) and subsequently used by
Raineri and Rachlin, (1993), Green, Fry, and Myerson (1994), Green, Myerson, Lichtman, Rosen,
and Fry (1996), and Myerson and Green (1995). The theoretical prediction was that heavy
drinkers would have higher discount rates for delayed rewards than light drinkers. Moreover,
given that several studies have found that the hyperbolic function describes temporal discounting

more accurately than the exponential function (e.g., Rachlin et al., 1991; Myerson & Green,
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1995), we also expected our data to favor the hyperbolic function.
Method

Students (N = 527) at Auburn University were screened with the Khavari Alcohol Test (KAT;,
Khavari & Farber, 1978) and the Michigan Alcoholism Screening Test (MAST; Selzer, 1971) to
assess their typical drinking and drinking problems, respectively. The KAT yields an annual
absolute alcohol intake (AAAI) index that estimates total amount of alcohol consumption (in
ounces of ethanol) during the previous year. Individuals with drinking problems, as assessed by
the MAST, and those who abstained from alcohol were excluded from further participation.
Students at the extremes of the remaining AAAI distribution were selected for the experimental
phase of the study, resulting in a final sample of 24 heavy drinkers (12 males and 12 females) and
24 light drinkers (12 males and 12 females). The heavy and light drinkers were very different on
the KAT AAAI index, with means of 404.57 and 25.98 (p < .001), respectively. Participants also
completed a demographic questionnaire that asked about their personal and family incomes, and
there were no between-group differences on these measures.

Participants came to the laboratory for individual sessions. They first completed the repeated
gambles procedure, as in Sarfati and White (1991) and Vuchinich and Calamas (1997), and then
the hypothetical money choice task (see Vuchinich & Simpson, submitted, for details). This
procedure yields multiple measures of the amount of immediately available (hypothetical) money
that is subjectively equivalent in value to a larger amount of (hypothetical) money that is available
after a set of delays. These multiple subjective equivalence points are then used to estimate the
temporal discounting function. Participants repeatedly chose between a larger fixed-amount of
money available after a delay and a smaller amount of money that was available immediately.

There were four series of trals, two each in yvhich the delayed fixed-amount rewards were $1,000
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and $10,000. On each trial series, the large delayed money amount was constant across trials, and
the smaller immediate money amount was changed on each trial. The smaller immediate money
amounts consisted of 30 values ranging from 0.1% to 100% of the larger fixed amount. Each trial
series was repeated 8 times at different delays of the larger fixed-amount reward: 1 week, 1
month, 6 months, 1 year, 3 years, 5 years, 10 years, and 25 years. Within each of the money
amount conditions, in one trial series the immediate smaller money amounts were presented in
ascending order and in one series they were presented in descending order.

We used Green et al’s. (1994) procedure for determining the subjectively equivalent immediate
amounts for each fixed amount at each delay. These equivalence points were calculated by
averaging two values: (1) the value at which the participant switched preference from the
immediate to the delayed reward when the immediate rewards were presented in descending
order, and (2) the value at which the participant switched preference from the delayed to the
immediate reward when the immediate rewards were presented in ascending order. These
equivalence points for two individual participants, one with a relatively high discount rate and one

with a relatively low discount rate, are shown in Figure 2.

Insert Figure 2 about here

Results

Comparison of the drinker groups on their choices during the repeated gambles procedure
revealed no difference, which replicated Vuchinich and Calamas’s (1997) main finding. Our
analyses of the hypothetical money choice task data first determined whether the hyperbolic
(Equation 1) or exponential (Equation 2) discount function provided better fits to the data.

Nonlinear regression analyses were used to estimate separate k parameters based on Equations 1
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and 2 for both money amount conditions for each participant. The proportions of the variance in
the data that were accounted for by the parameter estimates were entered intoa2 X2 X2 X 2
(Drinker Group X Sex X Money Amount X Equation) ANOVA, which revealed only a significant
(p < .001) main effect for type of equation. Equations 1 and 2 accounted for an average of 82%
and 69% of the variance, respectively, which indicates better fits to the data with the hyperbolic
discount function.

In order to evaluate group differences in the discounting parameter, the hyperbolic k
parameters from the $1,000 and $10,000 condition were averaged for each participant and then
entered into a 2 X 2 (Drinker Group X Sex) ANOVA, which yielded only a significant (p = .04,
one tailed) main effect for Drinker Group. Heavy drinkers (M = .193, SD = .450) had higher k
values than light drinkers (M = .034, SD = .030). Because the drinker group variances were
heterogeneous, a nonparametric Mann-Whitney U test also was computed and yielded comparable
results (p < .09, one tailed). The median k values for the heavy and light drinker groups were
.039 and .026, respectively. Figure 3 plots discount functions generated from Equation 1 using
these median k values. As can be seen in Figure 3, the discount function for the heavy drinkers is

lower (higher k values) than the corresponding function for the light driakers.

Discussion

The temporal discounting data clearly showed that the hyperbolic function is a more accurate
description of delayed reward discounting than the exponential function for all participants, which
is consistent with previous evidence from studies that directly compared the two functions (e.g.,

Rachlin et al., 1991; Myerson & Green, 1995). Most important, heavy drinkers had higher rates
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of hyperbolic discounting than light drinkers, as predicted from the behavioral perspective on
intertemporal choice, but the level of statistical significance was marginal.
Study 2: Comparing Temporal Discounting in Problem Drinkers and Light Social Drinkers

Alcohol consumption obviously is a multi-determined behavior (e.g., Abrams & Niaura, 1987),
and it would be unrealistic to expect one, or even several, variables to account for the bulk of
inter-individual variability in levels of naturally occurring social drinking. This probably is
especially true for drinking among college students, who are embedded in a social context in
which heavy social drinking often is more normative than exceptional (e.g., Wechsler, Dowdall,
Davenport, & Castillo, 1995). Thus, the marginal significance of the discounting-drinking relation
found in Study 1 may reflect the fact that many other variables are also converging to produce
variability in social drinking. However, as drinking escalates beyond socially acceptable levels,
which do not cause significant problems, to heavier, problem drinking, then we may expect a
reduction in the number of critical variables. If that is the case, and if temporal discounting is
among these more critical variables that are related to alcohol abuse, then a stronger discounting-
drinking relation should be found if light social drinkers without alcohol problems are compared
to heavy drinkers with alcohol problems. Conducting this comparison was the primary goal of
Study 2 (Vuchinich & Simpson, submitted).

Method.

Students (N = 380) at Auburn University were screened using the KAT and the Young Adult
Alcohol Problem Screening Test (YAPPST; Hurlbut & Sher, 1992) to assess alcohol problems.
The YAAPST was designed specifically for college-age samples and provides measures of both
life-time and past-year frequency of alcohol problems in legal, occupational, health, family/marital,

and social areas. Potential participants were excluded if they abstained from alcohol. Problem
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drinkers were defined as those potential participants at the upper extreme of the AAAI
distribution who also reported at least five past-year alcohol problems on the YAAPST. Light
drinkers were defined as those potential participants at the lower extreme of the AAAI
distribution who also reported no more than one past-year alcohol problem on the YAAPST. The
final study sample consisted of 31 participants, 16 problem drinkers (8 males and 8 females) and
15 light drinkers (7 males and 8 females). The problem and light drinkers were very different on
the KAT AAAI index, with means of 1445.45 and 12.79 (p < .001), respectively, and on the
number of alcohol problems reported on the YAAPST, with means of 8.93 and 0.00 (p <.001),
respectively. Participants also completed a demographic questionnaire that asked about their
personal and family incomes, and there were no between-group differences on these measures.

Only the $1,000 amount condition of the hypothetical money choice task was used during the
laboratory sessions. At the end of the session, participants who were problem drinkers were told
that the screening data indicated they may be experiencing alcohol problems. They were then
given a list of substance abuse treatment agencies in the community and told they could contact
one or more of them if they wished to seek assistance.
Results

Nonlinear regression analyses were used to estimate separate k parameters based on Equations
1 and 2 for the $1,000 money amount condition for each participant. The proportions of variance
accounted for by each equation were entered into a 2 X 2 X 2 (Drinker Group X Sex X Equation)
A}\IOVA, which revealed only a significant (p < .003) main effect for type of equation.

J.,f._gzquations 1 and 2 accounted for an average of 80.05% and 70.12% of the variance, respectively,

which indicates better fits to the data with the hyperbolic discount function.

The hyperbolic k parameters from the $1,000 condition were entered into a 2 X 2 (Drinker
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Group X Sex) ANOVA, which showed only a significant (p < .025, one tailed) main effect for
drinker group. Problem drinkers (M = .104, SD = .162) had higher k values than light drinkers
(M =.018, SD = .025). Because the drinker group variances again were heterogeneous, a
nonparametric Mann-Whitney U test also was computed and yielded comparable results (p < .01,
one tailed). The median k values for the problem and light drinkers were .034 and .008,
respectively. Figure 4 plots discount functions generated from Equation 1 using these median k
values. As Figure 4 shows, the discount function for the problem drinkers is lower (higher k
values) than the corresponding function for the light drinkers, and the groups are more widely

separated than in Study 1.

Insert Figure 4 about here

Di 10n

As in Study 1, the hyperbolic function was a more accurate description of discounting than the
exponential function, and the problem drinkers had higher k values than the light drinkers. This
discounting-drinking relation replicated and was stronger than the one found in Study 1, and
involved fewer participants. The finding that heavy social drinkers and problem drinkers discount
delayed rewards at a higher rate than light drinkers is similar to the results of Madden, Petry,
Badger, and Bickel (1997), who found higher discount rates among opioid-dependent patients
than among non-drug-using control participants.

There are several issues that are relevant to comparing the discount functions in Figures 3 and
4 from the two studies. First, the functions in Figure 3 from the first study were generated from
averaging the k parameters from the $1,000 and the $10,000 money amount conditions, whereas
the functions in Figure 4 from the second study were generated from the k parameters from the

$1,000 condition only. In Study 1, the $10,000 k values generally were higher than the $1,000 k
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values. Thus, the discount functions in Figure 3 are generally lower (higher k values) than those
in Figure 4 because of the averaging of the two money amount conditions in Study 1.

Second, the context surrounding the hypothetical money choice task in the two studies was
slightly different. Participants in the first study completed the repeated gambles procedure prior
to the hypothetical money choice task, and participants in the second study did not. Also, Study 1
participants knew they would be making choices in both money amount conditions and Study 2
participants knew they would be making choices in only one money amount condition. Given that
subtle contextual cues can have important effects on choice in such laboratory preparations (e.g.,
Kahneman & Tversky, 1984; Silberberg et al., 1988), these procedural differences may have
affected participants’ choices in the two studies.

Third, the participant groups differed across the two studies in terms of both drinking behavior
and the occurrence of alcohol problems. The problem drinkers in Study 2 drank more and had
more problems than the heavy drinkers in 'Study 1, whereas the light drinkers in both studies were
comparable in terms of drinking. Thus, comparisons across the two studies cannot determine if
the larger discounting difference in Study 2 was due to the difference in drinking behavior, the
difference in alcohol problems, or both. Disentangling these relations would seem to be a
worthwhile empirical question for future research.

Finally, comparison of absolute values of data points across studies of this sort with relatively
small samples is hazardous. This is especially true when ;t%he comparison is made on the basis of
data values at certain percgptile ranks,.‘_fas“gpposedio n&n{gﬂd standard deviations, as
representative of cent}m ‘Wpcy ana dispggﬂion of the digfﬁb’lm:ons. Thus, the most important
comparison is between g\((iupg’b?ithjn a single study, as in any b_etween-groups design. Different

studies then can be compared on the basis of the strength of the beeween-group differences found
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within each study, rather than on the basis of absolute data values. By this criterion, the
difference between the problem and light drinker groups in Study 2 was considerably stronger
than the difference between the heavy and light social drinker groups in Study 1.

It is significant that the drinker groups in these laboratory studies could be distinguished on the
basis of the degree to which they discounted the value of money, a commodity which has no
apparent connection with their alcohol consumption. This is consistent with the notion that
behavior with respect to valuable commodities other than alcohol is at least as important as
behavior with respect to alcohol in understanding the determinants of alcohol consumption, which
is a major premise of a behavioral economic analysis of alcohol abuse (Vuchinich & Tucker,
1988). Although the monetary discounting difference between the drinker groups presumably
reflects general tendencies, in future research on the discounting-drinking relation it may be
advantageous to explore the specificity of discounting the value of particular nondrinking
activities. This would be the case because discount rates differ for different nondrinking rewards
(Rainen1 & Rachlin, 1993), and there likely are important between-individual differences and
within-individual changes over time (e.g., Green et al., 1994) both in these particular discount
rates and in the types of particular nondrinking activities that enter into intertemporal choice
relations involving alcohol consumption (Vuchinich & Tucker, 1988). Significant discounting-
drinking relations were found in the present research for a single nondrinking reward (i.e.,
money), but stronger such relations may be found in future studies that measure discount rates for
nondrinking rewards that are individually relevant for particular participants (Vuchinich & Tucker,
1996).

The behavioral economic theoretical terms and methods employed in the current studies

connect with a much broader theoretical and empirical literature on behavioral allocation,



Discounting and Alcohol Abuse
17

intertemporal choice, and economics (e.g., Kagel et al , 1995, Loewenstein & Elster, 1992) that
has been usefully applied to the study of substance use and abuse (e.g., Bickel, DeGrandpre, &
Higgins, 1993; DeGrandpre & Bickel, 1996, Green & Kagel, 1996; Vuchinich, 1995). Behavioral
allocation, in general, and drug self-administration, in particular, by animals and humans in
laboratory preparations and by humans in the natural environment can be described with the same
theoretical terms, although their empirical interpretations differ across the different situations.
Thus, the generality of relations found in one situation can be evaluated by applying the same
theoretical terms, with appropriate empirical interpretations, to other situations. For example, it is
intriguing that Paulos, Le, and Parker (1995) found that rats’ preferences for a smaller sooner
food reward over a larger later food reward were positively related to the amounts of alcohol they
self-administered, which can be viewed as a discounting-drinking relation similar to that found in
the present laboratory research with humans. The generality of the present findings to other
participant populations in other situations with other abused substances remains to be evaluated.
A STUDY OF PROBLEM DRINKERS IN THE NATURAL ENVIRONMENT

Study 3: Predicting Natural Resolutions of Alcohol Problems

Most persons with alcohol problems never enter formal treatment (e.g., Room, 1989), yet
many of those who remain untreated somehow resolve their drinking problem (Sobell,
Cunningham, & Sobell, 1996). One of us (REV) is currently involved in a longitudinal study
(with Jalie A. Tucker, Principal Investigator) of untreated problem drinkers who attempted to quit
problem drinking. The goal of this study is to identify pre- and postresolution variables that
predict, promote, and hinder natural resolutions of alcohol problems. Of particular interest is
whether the proportion of monetary resources allocated to alcohol consumption and other

commodity classes during periods of problem drinking can serve as viable measures of the value
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of drinking and other activities. If s0, then such measures derived from the time period prior to
attempts to quit problem drinking may be useful in predicting outcomes and in understanding the
dynamics of changes in drinking behavior. Some of the preliminary data from this study may be
relevant to the discounting-drinking relation.

Method

Participants were solicited through media advertisements in major metropolitan areas of
Alabama and Georgia; 58 individuals met DSM IV (American Psychiatric Association, 1994)
diagnostic criteria for alcohol dependence, among other alcohol problem criteria, and had never
participated in an alcohol treatment program or Alcoholics Anonymous. In addition, participants
had quit problem drinking for no less than two months and no more than six months (M = 3.85
months) when inducted into the study.

Several measures were included that assessed the extent of drinking problems and levels of
alcohol dependence. An expanded version of the Time Line Follow Back interview procedure
(described in Vuchinich, Tucker, & Harllee, 1988) was used to assess daily drinking, life events,
and monetary variables over the 12-month period prior to the resolution date, and then at 12- and
24-month follow-up intervals. The monetary variables are recorded so that amounts of income
and expenditures are coded in specific categories (e.g., wage, salary, and pension for income,
housing, transportation, food, entertainment, and savings for expenditures). The amount of
money spent on alcohol also is recorded and can be expressed as a proportion of total income or
expenditures or of the sums of groups of subcategories of either. The data presented here are
from the 46 participants who have so far completed the 12-month follow-up assessment.

Results

Regarding the preresolution monetary variables, most participants had middle to upper
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incomes (M = $41,688, range = $3,300 to $250,000), and had organized their expenditures and
lifestyles accordingly. For conceptual reasons and to reduce variance, we focused on
discretionary expenditures, as opposed to total income or expenditures, as the pool of monetary
resource. Discretionary expenditures included entertainment, tobacco, money given to another,
alcohol, and savings, as contrasted with more obligatory expenditure categories such as housing,
utilities, transportation, medical, food, and loan payments. Discretionary expenditures thus
represents the allocation of unobligated income and seemed to be a suitable starting point for this
generally economically advantaged sample.

Of the 46 participants, 16 had relapsed to problem drinking and 30 had maintained their
resolutions one year after their quit dates. We conducted three discriminant function analyses
(DF As) that investigated predictors of the one-year outcome classification, one DFA each that
included only pre- or postresolution variables and one DFA that included both.

The DFA for preresolution variables included alcohol dependence levels, income, heavy
drinking days, legal problems, physical health problems, and the proportion of discretionary
expenditures allocated to alcohol (Discretionary Ethanol Expenditures [DEE] index). These
variables were included because of conceptual reasons, their demonstrated utility in past research
with treated samples (e.g., Moos, Finney, & Cronkite, 1990), or their ability to discriminate
between the outcome groups. A significant discriminant function was found that included the
DEE index (p < .01), with relapsed participants having higher scores than resolved participants,
and physical health problems (p < .05), with resolved participants having more problems than
relapsed participants. This DFA achieved an overall correct (jackknifed) classification rate of

78%.

The DFA for postresolution predictors included total positive and total negative life events,



negative physical health events, and negative work events. This DFA also revealed a significant
function that included negative work events (p < .01), with relapsed participants reporting mre
events than resolved participants, and negative physical health events (p < .05), with resolved
participants reporting more events than relapsed participants. This DFA produced an overall
correct classification rate of 74%. The DFA that included both pre- and postresolution variables
also produced a significant function that included the DEE index (p < .01) and postresolution
negative health events (p <.01), and correctly classified 78% of the participants.

As discussed earlier, the behavioral economic perspective views drinking as an impulsive
behavior, as contrasted with behavior patterns that invest current resources in future activities of
greater value. We therefore explored how the resolved and relapsed participants had allocated
their discretionary expenditures to savings, as well as to drinking, during the preresolution year.
The proportion of preresolution discretionary expenditures that were allocated to drinking and to
savings by both participant groups were entered into a 2 X 2 (OQutcome Group X Expenditure
Type) ANOVA. A significant interaction effect (p < .01) showed that the difference between the
proportional alcohol and savings expenditures was greater for the relapsed participants (Ms =
59% and 4%, respectively) than for the resolved participants (Ms = 34% and 17%, respectively).
Moreover, the outcome groups were similar in their expenditures in other categories, in their
preresolution incomes and total expenditures, and in their preresolution drinking patterns.
Discussion

These results are preliminary and do not permit firm inferences. Nevertheless, the data are
relevant in two particular ways to the present topic. First, the DEE index was the best predictor
from the preresolution variables of the one-year outcomes. It is interesting that the DEE index

was a better outcome predictor than more conventional variables, such as alcohol dependence
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levels, drinking practices, and income. This suggests that monetary resource allocation to alcohol
consumption may be a useful way to represent its reward value in relation to nondrinking
activities. Because discretionary expenditures are much less constrained than more obligatory
expenditures, which often involve commitments over months or years, the former may be the
arena in individuals’ personal economies where an increasing preference for alcohol consumption
are initially manifested and most clearly seen. Obligatory expenditure categories may initially be
more durable in the face of escalating problem drinking, but eventually would be affected if
problems become severe enough, as is often seen in treatment samples. The DEE index thus may
be a good early indicator of the growing reward value of alcohol relative to nondrinking activities
that is not highly correlated with drinking practices (the DEE correlated .22 with number of
preresolution heavy drinking days and .46 with quantities of alcohol consumed per drinking day).
Being able to measure the shift in resource allocation towards drinking and away from
nondrinking activities would be useful in studying the dynamics of drinking problems in the
natural environment.

Second, to the extent that savings is inversely related to temporal discounting, then the degree
of temporal discounting during the preresolution year appears to have been a relevant variable in
distinguishing the outcome groups. Participants who were resolved at the one-year follow-up
allocated proportionally less money to alcohol and more to savings than those who were relapsed.
This suggests that problem drinkers whose behavior is organized more around delayed outcomes
(i.e., as reflected in savings), even during periods of problem drinking, are more likely to succeed
in attempts to recover from their drinking problem.

GENERAL DISCUSSION

The main results of these studies supported predictions derived from extending behavioral
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conceptions of intertemporal choice to an analysis of the determinants of alcohol consumption.
These results also are consistent with more general, formal theories (Becker & Murphy, 1988;
Herrnstein & Prelec, 1992; Rachlin, 1997) that propose different choice dynamics to account for
addiction but that all predict a positive relation between rates of temporal discounting and
addiction. The current data are consistent with but cannot distinguish between these theories,
except that Herrnstein and Prelec and Rachlin incorporate hyperbolic discount functions, whereas
Becker and Murphy incorporate an exponential discount function. Although the use of
hypothetical rewards in these laboratory studies demands caution in interpreting these data, the
finding that a hyperbolic function provides a better description of temporal discounting than an
exponential function appears to be quite general. As noted by Loewenstein (1996, p. 279), “The
non-exponential discounting perspective has been bolstered by findings from hundreds of
experiments showing that humans and other animals display hyperbolic discount functions of the
type predicted to produce impulsive behavior . . ..”

Because these studies were correlational, they cannot address the temporal priority of higher
discount rates or heavy drinking. At this point, either preceding the other is equally plausible
(Becker & Mulligan, in press), but this issue would appear to be fairly easily disentangled in
longitudinal studies. If such studies find that higher discount rates more often precede than follow
heavy drinking, then measuring discount rates before the initiation of drinking potentially could
aid in the identification of individuals at risk for developing heavy drinking and alcohol problems.
Moreover, identifying the determinants of discounting and manipulating them could produce low
discount rates and potentially help prevent the development of heavy drinking and alcohol
problems and treat them once they occur. On the other hand, if higher discount rates are found

more often to follow than to precede heavy drinking, it would remain possible for higher discount
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rates to be an important factor in the perpetuation of heavy drinking regardless of the initiating
conditions. Although the data from Study 3 are preliminary, it appears that temporal discounting
may have been a factor that distinguished successful and unsuccessful attempts to quit problem
drinking without treatment.

These data also cannot address the conditions that generated the particular discount rates
manifested by our participants. It is possible, for example, that the heavy and problem drinkers
showed higher discount rates because their past and current environments had a sparsity of larger
later nondrinking rewards relative to the light drinkers. If that is the case, however, the difference
in larger later rewards must have been in areas other than socioeconomic, because the drinker
groups in the laboratory studies were sampled from the same student population and did not differ
on family or personal income, and the relapsed and resolved participants in Study 4 were not
significantly different in income. On the other hand, it also is possible that the heavy/problem
drinkers and light drinkers, and the relapsed and resolved drinkers, had similar reward structures
in their environments but that some factor distinguished them as individuals or how they
interacted with their environments that generated the different discount rates. There are, of
course, other possibilities, and the point is that identifying the determinants of temporal
discounting is an important topic for future research.

The relevant theoretical context within which to consider the rates of temporal discounting
manifested by our participants in the laboratory studies can be given two different, general
interpretations (cf., Rachlin, 1992, 1994). The discount rates can be regarded (1) as reflecting the
operation of a cognitive mechanism, as one component of a representational system that includes
other cognitive mechanisms, that partly causes certain choices at particular points in time (e.g.,

Kahneman & Tversky, 1984) or (2) as a behavior-environment relation, as one component of a
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representational system that includes other behavioral and environmental variables, in a
description of behavioral allocation patterns over time among available activities (e.g., Rachlin et
al,, 1986). According to the cognitive interpretation, each participant would have had
experiences that instantiated (in principle) a particular discounting mechanism among the other
cognitive mechanisms in their representational system. When faced with the procedures used in
these studies, the participants’ discounting mechanism would have mediated between the
particular stimuli and their particular responses, thus (at least partly) causing the responses.
According to the behavioral interpretation, each participant would have had experiences that
generated intertemporal choice behavioral patterns that could be described (in principle) as a
function of amounts and delays of alternative rewards and a rate of temporal discounting. When
faced with the procedures used in these studies, the participants’ choices were a generalization
from their behavioral allocation patterns outside the laboratory and could be (at least partly)
described by a discounting parameter.

The cognitive interpretation thus views choices in the laboratory as being caused by the same
internal mechanism that also causes choices outside the laboratory, whereas the behavioral
interpretation views the choices in the laboratory as being part of a pattern of behavior that
extends to behavioral allocation outside the laboratory and that is controlled by contingencies in
the historical and current natural environment. Regarding the discounting-drinking relation, the
cognitive interpretation would see the discount rate as an important determinant of an individual’s
decision to drink a certain amount of alcohol on a particular occasion, while the behavioral
interpretation would see the discount rate as an important variable in describing how patterns of
alcohol consumption develop and change over time in the context of development and change

over time in behavioral patterns with respect to nondrinking rewards. The former view is
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concerned with how the discount rate may be an efficient cause of an individual’s particular
drinking decisions, while the latter view is concerned with how the discount rate can describe
drinking within the abstract final causes of the individual’s molar behavior patterns. Both of these
interpretations are legitimate, and pursuit of their respective empirical implications will lead in

different but complementary directions (Rachlin, 1992, 1994).
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Figure Captions
Figure 1. Figure illustrates dynamics in intertemporal choice with relatively higher and lower
rates of hyperbolic and exponential discounting of delayed rewards. The rewards are represented
as vertical bars, with amount indicated by their height and time of availability indicated by their
location on the abscissa. In each panel, a smaller sooner reward (e.g., alcohol consumption) is
available at time 6 and a larger later reward (e.g., valuable nondrinking activity) is available at
time 10. The curves to the left of the rewards are delay discount functions that represent reward
value during the times before they are available; the reward with the highest value curve at the
time of choice will be preferred. The two left and two right panels show hyperbolic and
exponential discount functions, respectively, and the two top and two bottom panels show
relatively higher and lower rates of discounting, respectively. The hyperbolic and exponential
discount functions were generated from Equation 1 and Equation 2, respectively.

Figure 2. Figure shows data from two individual participants that were generated by the
hypothetical money choice task. The top and bottom panels illustrate relatively low and high rates
of temporal discounting, respectively. Each data point represents the amount of immediately
available (hypothetical) money that is subjectively equivalent in value to a larger amount of
(hypothetical) money that is available after a series of delays. The filled and unfilled circles are
from the $1,000 and $10,000 conditions, respectively. Present value is scaled as the percentage
of the larger delayed money amount.

Figure 3. Figure shows hyperbolic discount functions for the S0™ percentile averaged k values
for the heavy drinkers (solid line) and light drinkers (broken line) in Study 1. The functions were

generated from Equation 1.

Figure 4. Figure shows hyperbolic discount functions for the 50* percentile k values for the
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problem drinkers (solid line) and light drinkers (broken line) in Study 2. The functions were

generated from Equation 1.
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