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DELAY OR PROBABILITY DISCOUNTING IN
A MODEL OF IMPULSIVE BEHAVIOR:
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Little is known about the acute effects of drugs of abuse on impulsivity and self-control. In this study,
impulsivity was assessed in humans using a computer task that measured delay and probability dis-
counting. Discounting describes how much the value of a reward (or punisher) is decreased when
its occurrence is either delayed or uncertain. Twenty-four healthy adult volunteers ingested a mod-
erate dose of ethanol (0.5 or 0.8 g/kg ethanol; n 5 12 at each dose) or placebo before completing
the discounting task. In the task the participants were given a series of choices between a small,
immediate, certain amount of money and $10 that was either delayed (0, 2, 30, 180, or 365 days)
or probabilistic (i.e., certainty of receipt was 1.0, .9, .75, .5, or .25). The point at which each individual
was indifferent between the smaller immediate or certain reward and the $10 delayed or probabilistic
reward was identified using an adjusting-amount procedure. The results indicated that (a) delay and
probability discounting were well described by a hyperbolic function; (b) delay and probability dis-
counting were positively correlated within subjects; (c) delay and probability discounting were mod-
erately correlated with personality measures of impulsivity; and (d) alcohol had no effect on dis-
counting.
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Impulsive behavior is often defined as in-
sensitivity to the consequences of actions. For
example, Oas (1985) defined impulsive be-
havior as being socially inappropriate or mal-
adaptive, and as being emitted quickly and
without forethought. Assuming that an indi-
vidual has adequate knowledge of the conse-
quences, this definition suggests that individ-
uals who frequently engage in impulsive
behavior may fail to evaluate the consequenc-
es of their behavior appropriately. This em-
phasis on consequences is reflected in a com-
monly used operational definition of
impulsivity as being a preference for smaller,
more immediate rewards over larger, more
delayed rewards (Ainslie, 1975; Herrnstein,
1981; Logue, 1988; Rachlin, 1989; Rachlin &
Green, 1972). This operational definition is
based on the assumption that the value of a
delayed reward is discounted in inverse pro-
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portion to its delay. The discounting hypoth-
esis of impulsivity suggests that the degree of
discounting due to delay is a measure of an
individual’s impulsivity. It is proposed that the
value of future (delayed) consequences de-
clines more sharply as a function of delay for
impulsive than for nonimpulsive individuals;
therefore, impulsive individuals tend to
choose immediate smaller rewards more fre-
quently than do nonimpulsive individuals.

Correspondingly, the value of a probabilistic
reward decreases as its probability decreases.
Researchers have suggested that discounting
of value produced by decreased probability
and discounting produced by delay are fun-
damentally the same process for two quite
separate reasons. First, in the nonlaboratory
situation, rewards that are delayed for long
periods often become less certain. Therefore,
rewards obtained after longer delays may be
perceived as being less certain than rewards
obtained after shorter delays (Logue, 1988;
Mischel & Grusec, 1967; Rotter, 1954). Alter-
natively, Rachlin, Logue, Gibbon, and Fran-
kel (1986) suggested that a series of proba-
bilistic uncertain rewards is experienced as a
series of delayed rewards. For example, if flip-
ping a coin repeatedly and betting on heads
each time results in a series of wins and losses,
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the delay between each win may determine
the effective value of the reward. Thus, the
larger the string of losses between each win,
the greater the delay to the next reward. If
the same process underlies both delay and
probability discounting, then individuals who
show sharp discounting of the reward value
due to increasing delay should also show
sharp discounting due to decreasing proba-
bility, and thus exhibit a preference for more
certain (higher probability) rewards. This im-
plies that the degree to which individuals dis-
count probabilistic rewards may be another
measure of impulsivity.

Recent research with humans (Green, Fry,
& Myerson, 1994; Kirby & Marakovic, 1995;
Rachlin, Raineri, & Cross, 1991), pigeons
(Mazur, 1987), and rats (Bradshaw & Szabadi,
1992; Richards, Mitchell, de Wit, & Seiden,
1997) indicates that delay effectively decreas-
es the value of rewards, and that this dis-
counting of reward value is described by a hy-
perbolic discount function (Mazur, 1987):

value 5 A/(1 1 kD), (1)

where A is the amount of the reward, D is the
delay to reward, and k is a free parameter.
Larger values of k indicate more marked de-
valuation of reinforcer value by delay, and
thus greater impulsivity. The hyperbolic mod-
el predicts that value is discounted more rap-
idly at shorter delays than at longer delays. In
contrast, older economic models (Samuel-
son, 1937) hypothesized that value discount-
ing is exponential, that is, that reward value
is discounted at the same rate regardless of
the length of the delay. This is described by

value 5 Ae2kD, (2)

where A is the amount of the reward, D is the
delay to reward, and k is a free parameter that
indicates the rate of discounting. The value
of k has the same interpretation as in Equa-
tion 1. It is important to determine if dis-
counting by delay is hyperbolic or exponen-
tial because the two models frequently make
different predictions. Interestingly, depend-
ing upon the delays and the size of the re-
wards, the hyperbolic model may predict a
reversal of preference as the delay to reward
changes, whereas the simple exponential
model does not (Ainslie, 1975; Rachlin &
Green, 1972). Recent research has shown
that delay discounting in individual subjects

is better described by a hyperbolic than an
exponential function (Kirby & Herrnstein,
1995; Mazur, 1987; Myerson & Green, 1995;
Rachlin et al., 1991). There are, however, no
studies demonstrating that probability dis-
counting is better described by a hyperbolic
than an exponential discount function in in-
dividual subjects.

As discussed above, Rachlin and colleagues
(Rachlin, 1990; Rachlin, Castrogiovanni, &
Cross, 1987; Rachlin et al., 1986, 1991) and
Mazur (1993) have argued that delay of re-
ward and uncertainty of reward affect behav-
ior in the same way. Thus they hypothesize
that discounting by either delay or probability
is controlled by the same underlying process.
To make this point, Rachlin et al. (1986,
1991) suggested that the subjective value of
uncertain rewards is best characterized by
‘‘odds against,’’ which is the average number
of losses expected before a win. Because each
loss adds to the delay to the next win, the
number of losses between each win is a better
indicator of the subjective experience of the
delays between wins than is the strict state-
ment of probability. Using this reasoning,
Rachlin et al. (1991) used odds against to ex-
tend the hyperbolic and exponential delay
discount models (Equations 1 and 2) to the
situation in which value is discounted by
probability:

value 5 A/(1 1 hO), O 5 (1/p) 2 1 (3)

and

value 5 Ae2hO, O 5 (1/p) 2 1, (4)

where p is the probability of reward and O
indicates odds against. In this formulation,
the value of h indicates how rapidly the value
of a reward decreases as the probability of its
occurrence decreases. The interpretation of
h is directly analogous to the interpretation
of k in Equation 1. Just as k in Equations 1
and 2 describes how rapidly the value of a
reward is discounted by delay, h in Equations
3 and 4 describes how rapidly the value of a
reward is discounted by uncertainty. The im-
plication is that the discounting of both de-
layed and probabilistic rewards should be
greater for impulsive than for nonimpulsive
participants. Using this model, Rachlin et al.
(1991) found that the hyperbolic model bet-
ter described discounting of reward value
when probability was varied in human sub-
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jects. However, their data were based on fit-
ting the median discount values for a rela-
tively large group of subjects (N 5 40). From
these data, it is not clear whether the equiv-
alence of delay and probability holds at the
level of an individual participant. For exam-
ple, do individuals who display greater delay
discounting also show greater probability dis-
counting?

In the present study, we tested the hypoth-
esis that discounting of value by delay and by
probability represents the same process by de-
termining discount functions for both delay
and probability within the same subjects. This
hypothesis predicts that individuals who dis-
play greater delay discounting should also
show greater probability discounting. In ad-
dition, we fit both hyperbolic and exponen-
tial discount equations to the obtained dis-
counting data in order to determine which
function (hyperbolic or exponential) better
fit the data. Then, in order to examine the
construct validity of the discounting model of
impulsive behavior, subjects’ performances
on the discounting procedure were correlat-
ed with their scores on standardized person-
ality measures of impulsivity.

Discount functions for delay and probabil-
ity were calculated for participants who were
required to choose between immediate cer-
tain amounts of money and either delayed or
uncertain larger amounts of money. Across
trials the amount of the immediate (or cer-
tain) option was adjusted until the participant
was indifferent between the two choices. This
indifference point indicated for that individ-
ual the effective value of the delayed or un-
certain large reward relative to an immediate
and certain amount of money. Each partici-
pant was tested under both delay and prob-
ability choice conditions, which enabled us to
determine the relation between the delay and
probability discounting functions within sub-
jects.

The present study was also designed to as-
sess the effects of alcohol on the discounting
model of impulsivity. Similarities in the ef-
fects of a drug on discounting by delay and
probability would support the idea that delay
and probability discounting are related. Sev-
eral lines of evidence suggest that alcohol use
is associated with greater impulsivity. On
questionnaire measures of impulsivity, alco-
holics, as well as their offspring, are more im-

pulsive than the normal population (Gra-
ham, 1980). At the neurochemical level, both
Type II alcoholics and individuals who en-
gage in impulsive violence and impulsive fire
setting have low rates of turnover of the neu-
rotransmitter serotonin in the brain, as mea-
sured by serotonin metabolites in cerebrospi-
nal fluid (Linnoila, Virkkunen, Roy, & Potter,
1990; Virkkunen & Linnoila, 1990). Type II
alcoholics are individuals who become ad-
dicted to alcohol while young and who have
a high probability of engaging in violent be-
havior when intoxicated. In the case of Type
II alcoholics, these data do not indicate di-
rection of causality, that is, whether impulsiv-
ity in these individuals is greater because of
their use of alcohol or whether their alcohol
use is excessive because they are relatively im-
pulsive. Some data indicate that alcohol caus-
es impulsive behavior. Retrospective reports
by chronic alcohol users frequently include
reports of increased impulsive violence (Fen-
drich, Mackesy-Amiti, Goldstein, Spunt, &
Brownstein, 1995; Welte & Abel, 1989) and
impulsive sexual behavior (Ericksen &
Trocki, 1992; Hingson, Strunin, & Berlin,
1990; McCusker, Koblin, Lewis, & Sullivan,
1990). Chronic alcohol abuse may also cause
cognitive deficits characterized by a lack of
impulse control (Duffy, 1995). Thus, in the
present study, ingesting alcohol was expected
to increase impulsivity, as measured by the
discounting functions for delayed and uncer-
tain rewards.

To summarize, this study had five main
goals: (a) to further develop a laboratory
model to measure impulsive behavior in hu-
mans using delay and probability discount-
ing, (b) to compare how well hyperbolic and
exponential discount models characterize de-
lay and probability discounting, (c) to deter-
mine the relationship between delay and
probability discounting within subjects, (d) to
assess the relationship of delay and probabil-
ity discounting to a pencil-and-paper test of
impulsive personality, and (e) to assess the ef-
fects of ethanol on impulsivity using the two
procedures.

METHOD
Participants

Twenty-four healthy male and female vol-
unteers (16 males and 8 females), aged 21 to
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35 years, were recruited from the university
and surrounding community through news-
paper advertisements and posters. They were
told that the experiment was designed to in-
vestigate the effects of drugs on mood and
behavior. During initial screening, candidates
provided a detailed medical and recreational
drug history using standardized question-
naires (e.g., health questionnaire: SCL-90,
Derogatis, 1983), underwent a semistructu-
red psychiatric interview, and received a phys-
ical examination. Candidates were excluded
from the study if they had a significant med-
ical problem, a past or current alcohol or
drug problem, or consumed less than one al-
coholic drink per week. The local institution-
al review board approved the experimental
protocol.

Materials

Participants were tested in a comfortable
room, furnished with upholstered couches
and chairs; lamps provided incandescent
lighting. The room was equipped with a tele-
vision, radio, VCR, and a computer (Macin-
tosh SEt) for administering the choice pro-
cedure. Breath ethanol levels (BAL) were
measured using an Intoximeter Breathalyzer.
The ethanol beverage was prepared by stir-
ring a tonic and lime-flavored mix into either
10% v/v (0.5 g/kg dose condition) or 16%
v/v (0.8 g/kg dose condition) ethanol. The
placebo beverage was the tonic and lime mix
in 1% v/v alcohol; the small amount of al-
cohol was intended to reduce the discrimi-
nability between placebo and alcohol bever-
age. The beverages were presented in a
volume of 450 ml per 70 kg of body weight.

Procedure

Each participant was required to come to
the laboratory on four separate occasions.
The first occasion was an orientation session,
the second and third occasions were experi-
mental (ethanol or placebo) sessions, and the
fourth occasion was a debriefing interview.

Orientation session. The orientation session
took place on a separate day after the initial
screening procedure described above. Dur-
ing the orientation session, the participants
read and signed a consent form, which ex-
plained the nature and the procedure of the
study. The two primary sections of the form
are given below.

I. NATURE AND DURATION OF
PROCEDURE:

The purpose of this study is to investigate
how drugs influence your preferences in a
choice task in which you receive varying
amounts of money at various time delays, or
with various odds. You will come to the labo-
ratory for 3 experimental sessions conducted
3 times a week. Sessions will be held from
6:00 to 9:20 p.m. During the experimental ses-
sions you will complete some questionnaires,
perform a preference task, ingest capsules and
beverages. Depending on your choices during
the preference task you may earn varying
amounts of money, which you will receive at
the end of the session or after some longer
delay.

The capsule and beverage you take may
contain a low to moderate dose of any of the
following drugs: stimulant/anorectic, seda-
tive/tranquilizer, alcohol or placebo (inactive
substance). The drugs used in the study are
commonly prescribed or over-the-counter
nonexperimental drugs. The doses are clini-
cally safe and are not likely to cause any dis-
comfort. Possible drug effects are listed in the
section below.

You will take no drugs other than that ad-
ministered by the experimenter for 24 hours
prior to, as well as for 12 hours following, all
sessions. This prohibition includes alcohol,
marijuana, aspirin, and any other drugs which
are not necessary medications (except caf-
feine and nicotine). Urine samples will be ob-
tained on a random basis to verify that you
have not used drugs. Positive urine tests will
cause dismissal from the study. If you must
take a drug for medication, you will inform
the experimenter before the experimental ses-
sion. You agree not to drive or operate com-
plex machinery for 12 hours after the session.
You will be transported home after the ses-
sion. The session will end at 9:20 p.m., unless
the experimenter determines you are im-
paired. In this unlikely event, you will remain
in the laboratory until 10 p.m.

If female, you agree that you are not cur-
rently pregnant or planning to become preg-
nant. Additionally, you must take a pregnancy
test before participating in the study. Should
you become pregnant or suspect a pregnancy
at any time during the study, you will notify
the experimenter immediately.

You must obtain the experimenter’s permis-
sion if you wish to participate in another re-
search study while you are enrolled in this
one. You understand that you are free to with-
draw from the study at any time.
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II. POTENTIAL RISKS AND/OR BENEFITS
Side effects of the drugs to be used in this

study may include: constipation, drowsiness,
lethargy, dizziness or faintness due to lowering
of blood pressure, changes in heart rate or
blood pressure, a feeling of fluttering of the
heart, restlessness, tenseness, irritability, head-
ache, nausea, paleness or flushing, sweating,
and dry mouth. Other side effects are also
possible. The experimenter should be in-
formed of any symptom or feeling which you
associate with the drug taken for the experi-
ment. In the unlikely event that you require
medical attention, the emergency room phy-
sician will be notified. The psychiatrist who is
associated with our research group will also be
notified.

You understand that this study is not meant
to benefit you as an individual participant, be-
yond the monetary payment. The results of
the study will contribute to our knowledge of
factors influencing drug use.

After completing all sessions you will attend
a debriefing interview. Here you will complete
four personality questionnaires which should
take approximately 40 minutes of your time.
Also during the debriefing session, the pur-
pose of the study will be explained to you and
any questions you have concerning the study
will be answered. You will then be paid $75 for
participating in the study, in addition to any
money earned from the preference task. If
you withdraw prior to completing the study,
you may receive partial payment depending
on the reason for withdrawal. If you miss ses-
sions or are late for sessions, you may be
dropped from the study without any financial
compensation.

The participants were told orally not to eat
before the session. After the participants
signed the consent form, they were given a
practice session on the computerized choice
procedure described below. The practice ses-
sion included selection of a reinforcer (al-
though the participants did not receive it).

Experimental sessions. Following the orienta-
tion session, each participant participated in
two experimental sessions, which were con-
ducted from 6:00 to 9:20 p.m., and were 2 to
5 days apart. Participants were tested individ-
ually. Upon arrival in the laboratory at 6:00
p.m., each subject’s (BAL) was measured to
verify that he or she was ethanol free. At 6:20
p.m., participants completed the predrug
choice procedure, self-report questionnaires,
and a psychomotor task described below. At
6:40 p.m., participants ingested a capsule and

consumed a beverage within 10 min. The cap-
sule was always a placebo and was included to
enhance the blind conditions of the study.
The beverage was one of two doses of ethanol
or placebo. The order in which participants
received the ethanol and placebo beverages
was counterbalanced. Twelve participants (7
males and 5 females) received a low dose of
ethanol (0.5 g/kg; equivalent to about three
standard alcoholic drinks), and the other 12
participants (9 males and 3 females) received
a moderate dose of ethanol (0.8 g/kg; about
four to five standard drinks). At 7:10 p.m., 20
min after finishing the beverage, BALs were
measured again, and participants completed
the postdrug choice procedure, self-report
questionnaires, and the psychomotor test. Af-
ter completing these procedures, participants
relaxed in the laboratory for the remainder
of the session. At 9:20 p.m., they were paid
any money earned in the choice procedures
and were transported to their homes.

Choice procedure. A computerized choice
procedure was used to assess discounting of
delayed and uncertain reinforcers. The pro-
cedure was verbally explained to the partici-
pants as follows:

You will have the opportunity to choose
between different amounts of money available
after different delays or with different chanc-
es. The test consists of about 110 questions,
such as the following: (a) Would you rather
have $10 for sure in 30 days or $2 for sure at
the end of the session, or (b) would you rather
have $5 for sure at the end of the session or
$10 with a 25% chance? At the end of the ses-
sion, one of the choices you made will be se-
lected at random and you will receive what-
ever you chose in response to that question. If
on that trial you selected an immediate
amount of money, you will receive the money
in cash at the end of the session. If you se-
lected delayed money, the money will be
placed in an envelope with your name on it,
and it will be available to you when the time
has elapsed. If you selected a probabilistic
amount, you will select a token from a bag
containing two colors of tokens in the propor-
tion that reflects the probability. For example,
if the trial you selected was $10 with a 25%
chance, you will select one token from a bag
containing 1 green token representing ‘‘get
$10’’ and 3 yellow tokens representing ‘‘get
$0.’’ You will receive the amount of money in-
dicated by the color of the token immediately
in cash.
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After explaining the procedure, the experi-
menter told the subject to begin answering
the questions presented on the computer
screen. The experimenter then left the room
for 15 min. The program was designed to ter-
minate automatically and save the experimen-
tal data after predetermined indifference-
point criteria had been achieved (described
below). If the computer program had not ter-
minated by the time the experimenter re-
turned, the experimenter waited in the room
for the program to terminate.

At the end of each experimental session
(9:20 p.m.) the experimenter randomly se-
lected one of all the trials completed during
that session for a choice to be reinforced.
This selection took place in view of the par-
ticipant to demonstrate that the selection was
random. If the earned money was immediate,
he or she was given the money immediately.
If the earned money was delayed, the partic-
ipant was shown an envelope labeled with his
or her name and containing the money to
assure him or her that the money would be
available after the specified delay interval.
The envelope was then mailed at the comple-
tion of the specified delay.

The procedure was intended to be analo-
gous to the adjusting-amount procedure we
previously used to study discounting of re-
ward value by delay in rats (Richards et al.,
1997). In the present study, the amount of
immediate certain money was adjusted across
successive questions (trials) presented to the
participants on the computer screen until an
amount was reached that was determined by
the participant’s choices as equivalent to a de-
layed (delay trials) or uncertain (probability
trials) $10 reward. The amount of immediate
certain money the participant judged to be
equivalent to the $10 reward was taken to in-
dicate the subjective value of the delayed or
uncertain rewards. These points of subjective
equality were called indifference points. De-
lay and probability trials were intermixed;
each session consisted of approximately 110
trials.

Within each session, indifference points for
five different delays were determined: 0, 2,
30, 180, and 365 days. On delay trials, partic-
ipants were asked to choose between an
amount of money available immediately and
$10 available after some delay. The immedi-
ate amount of money was varied systematical-

ly across trials for each delay interval by use
of a random adjusting-amount procedure
(described in detail below). For example, on
delay trials, participants might be presented
with the question, ‘‘Would you rather have
(a) $6 now or (b) $10 in 30 days?’’ and were
asked to indicate their choice on the com-
puter keyboard. Indifference points for five
different probabilities were also determined:
1.0, .9, .75, .5, and .25. On probability trials,
participants chose between a variable amount
of money delivered for sure (p 5 1.0) and
$10 to be delivered on a probabilistic basis.
The amounts of for-sure money were varied
systematically across trials at each probability
level, using the random adjusting-amount
procedure (see below). For example, on
probability trials, the participants might be
presented with the question, ‘‘Would you
rather have (a) $4 for sure or (b) $10 with a
50% chance?’’

A random adjusting-amount procedure was
programmed to use the answers to previous
questions to narrow the range of values from
which the value for the next question was se-
lected. This reduced the number of questions
needed to estimate the indifference points
for the delay and probability discount func-
tions for an individual. The adjusting nature
of the task was masked by mixing delay and
probability questions and by not using a pre-
dictable algorithm for determining the ad-
justed value for the subsequent questions.
The procedure allowed discount functions
for both delay and probability to be deter-
mined in less than 15 min. The median num-
ber of questions (trials) needed to determine
the 10 indifference points (five for delay and
five for probability) in this study was 103. The
maximum number of trials was 148, and the
minimum number was 74. No participant re-
ported or indicated in any way that he or she
detected the adjusting nature of the task.

In this description of the random adjust-
ing-amount procedure, the delayed $10 and
the probabilistic $10 will be referred to as the
standards. The values of 10 different stan-
dards were estimated in this study, five delays
and five probabilities. The adjusting amounts
of immediate money on the delay trials and
for-sure money on the probability trials will
be referred to as the variable amounts. The
variable amounts correspond to the random-
ly selected amounts between top and bottom
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limits. These limits changed according to the
subjects’ choices as the session progressed. In
order to minimize the effects of subject error
(e.g., due to inattention), there were two top
limits (the maximum top limit and the min-
imum top limit) and two bottom limits (the
maximum bottom limit and the minimum
bottom limit). The maximum top limit was
greater than the minimum top limit, and the
maximum bottom limit was always less than
the minimum bottom limit. These four limits
could vary independently.

On each trial, the participant made a
choice between a standard and a variable
amount. On the first trial for each standard,
the maximum and minimum top limits were
set to $10, and the maximum and minimum
bottom limits were set to $0. On all trials, the
variable amount was randomly selected from
the range of values between the maximum
top limit and the maximum bottom limit in
$0.50 increments (i.e., on the first trial the
variable amount could be anywhere between
$0 and $10 in $0.50 steps). The range of val-
ues from which the variable amount was cho-
sen was adjusted systematically on succeeding
trials. That is, if the participant chose the
standard, the top and the bottom limits on
the trial following it increased according to
three rules: (a) If the variable amount was
greater than the minimum bottom limit, the
minimum bottom limit was set equal to the
variable amount and the maximum bottom
limit was set equal to the previous minimum
bottom limit. (b) If the variable amount was
less than the minimum bottom limit, the
maximum bottom limit was set equal to the
variable amount and the minimum bottom
limit was left unchanged. (c) If the variable
amount was greater than the minimum top
limit, the minimum top limit was set equal to
the current variable amount and the maxi-
mum top limit was set equal to $10. This pro-
cedure for increasing the top and bottom lim-
its caused the variable amount to increase on
the following trial. However, if the participant
chose the variable amount, the top and the
bottom limits on the next trial decreased ac-
cording to three rules: (a) If the variable
amount was less than the minimum top limit,
the minimum top limit was set equal to the
variable amount and the maximum top limit
was set equal to the previous minimum top
limit. (b) If the variable amount was greater

than the minimum top limit, the maximum
top limit was set equal to the variable amount
and the minimum top limit was left un-
changed. (c) If the variable amount was less
than the minimum bottom limit, the mini-
mum bottom limit was set equal to the vari-
able amount and the maximum bottom limit
was set equal to $0. This procedure for de-
creasing the top and bottom limits caused the
variable amount to decrease on the following
trial. When the difference between the max-
imum bottom limit and the maximum top
limit reached $0.50, the corresponding vari-
able amount was taken as the estimate of the
indifference point. After an indifference
point had been determined for a particular
standard, questions about that standard were
no longer presented. However, in order to
mask the adjusting nature of the procedure,
distracter trials were added after 70 trials had
been completed. After 70 trials, 50% of the
presented trials were distracter questions,
which consisted of questions about any of the
10 standards; the variable amount varied ran-
domly between $0 and $10.

Subjective measures and psychomotor measure.
Participants completed two questionnaires to
assess the drug effects. A 49-item version of
the ARCI consists of 49 true-false statements,
which are clustered into five scales to mea-
sure typical drug effects. The Pentobarbital-
Chlorpromazine-Alcohol Group (PCAG)
scale measures sedative effects, the Amphet-
amine (A) and Benzedrine Group (BG)
scales measure stimulant-like effects, the Mor-
phine-Benzedrine Group (MBG) scale re-
flects drug-induced euphoria, and the Lyserg-
ic Acid (LSD) scale reflects dysphoria and
somatic effects. The DEQ consists of four vi-
sual analogue scales associated with questions
regarding the degree to which participants
‘‘feel’’ and ‘‘like’’ the effects they experience,
whether they are ‘‘high,’’ and whether they
want ‘‘more,’’ respectively. Participants mark
their responses along 100-mm lines labeled
not at all (0) to very much (100). Subjects’ psy-
chomotor performance was tested using the
Digit Symbol Substitution Test (DSST; Wechs-
ler, 1958). The DSST is a standard measure
of cognitive and psychomotor performance.
It requires participants to substitute a series
of symbols for numbers within 60 s. The sub-
jective and psychomotor tests were adminis-
tered in pencil-and-paper form.
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Debriefing interview. A debriefing interview
was conducted after participants completed
the experimental sessions. During the debrief-
ing session, participants filled out the follow-
ing personality tests: the Eysenck Personality
Inventory (EPI; Eysenck & Eysenck, 1968),
the Impulsiveness-Venturesomeness-Empathy
questionnaire (IVE; Eysenck & Eysenck,
1978), the Sensation Seeking Scale (SSS;
Zuckerman, 1971), and a fourth personality
questionnaire that was dropped from the data
analysis due to concerns about its reliability.

Data Analysis

The dependent variable of greatest interest
in this study was the indifference point (ob-
tained using the random adjusting-amount
procedure). Indifference points were used to
estimate delay and probability discount func-
tions for each participant. Equations 1 and 2
were fit to the five delay indifference points
using a nonlinear curve-fitting program (Or-
igin 4.1, 1995). This curve-fitting program de-
termined the best fitting values for k and the
coefficient of determination for delay dis-
counting. Similarly, Equations 3 and 4 were
fit to the five probability indifference points
to determine the values of h and coefficient
of determination for probability discounting.
In plotting the discount functions for proba-
bility, we have chosen to plot the data with
‘‘odds against winning’’ (rather than proba-
bility) on the x axis in order to make clear
the hyperbolic nature of the discount func-
tion. Odds against winning for a given prob-
ability value is provided by computing O in
Equation 3; thus, the five probability values
used in this study (1.0, .9, .75, .5, and .25)
were converted to 0, 0.11, 0.33, 1.0, and 3.

As previously described, both male (n 5
16) and female (n 5 8) volunteers partici-
pated in this study. Because our analysis of
the data indicated no consistent gender dif-
ferences and because the study was not de-
signed to detect gender effects, we have com-
bined the data in our analysis. However, the
gender of individual subjects is indicated in
Appendix A.

In an analysis of the group data, median
values for the delay and probability indiffer-
ence points were used because, as previously
described by Myerson and Green (1995) and
Rachlin et al. (1991), the indifference points
were skewed because of the limits imposed on

the obtained indifference points by the max-
imum ($10) and minimum ($0) values (i.e.,
no matter how short the delay, $10 would
never be worth more than $10, and no matter
how long the delay $10 would never be worth
less than $0).

In order to assess the effects of alcohol on
discounting pre- and postplacebo and pre-
and postethanol, k and h values for each dose
were compared using within-subject t tests. In
addition, the obtained indifference points for
delay and probability discounting were statis-
tically analyzed using a two-way within-subject
analysis of variance with pre- and postdrug as
one factor and delay (or probability) as the
second factor.

Wilcoxon matched-pairs signed-rank t tests
were also used to assess the effects of ethanol
consumption on BAL, the DSST, the DEQ vi-
sual analogue scales, and the ARCI scales. In
all cases, pre- and postplacebo and pre- and
postethanol values for the two doses were
compared using within-subject t tests. For all
statistical tests, the probability level required
for significance was p # .05.

RESULTS

As expected, the subjects’ indifference
points declined as the delay for delivering the
$10 increased and as the probability for re-
ceiving the $10 decreased. Figures 1 and 2
show the indifference points for each of the
24 subjects. The delay and probability indif-
ference points presented in Figures 1 and 2
are the average of the indifference points ob-
tained during the preplacebo and preethanol
tests for each subject. These indifference
points were then fit with the hyperbolic and
exponential discount functions to produce k
and h values, which are shown in Table 1. The
pre- and postplacebo and pre- and postetha-
nol k and h values for each of the 24 partici-
pants are shown in Appendix A. The individ-
ual-subject pre- and postplacebo and pre- and
postethanol discount points for each of the
24 participants are listed in Appendix B for
delay and Appendix C for probability. Appen-
dixes A, B, and C show that there was a good
degree of test–retest reliability with repeated
testing with the discounting procedure.

Individual participants performed similarly
on the delay and probability components
(Figures 1 and 2). However, there were sub-
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Fig. 1. Individual discounting curves for the 12 least impulsive participants. For each participant, the delay con-
dition data are displayed on the left and the probability condition data are displayed on the right. The solid line
represents the best fit of the relevant hyperbolic function (Equation 1 or Equation 3). Panels are arranged according
to the values of k, which indexes the steepness of the hyperbolic function in the delay condition. Beginning at the
top left, the 1st participant (Participant 6) had the smallest k in the delay condition, and at the bottom right, the
last participant (Participant 9) had the median k in the delay condition. The values of k and h for each subject are
given in Table 1. To facilitate comparisons between the delay and probability condition data, the five probability
values (1.0, .9, .75, .5, and .25) are expressed as odds against winning (0, 0.11, 0.33, 1.0, and 3).

stantial individual differences in the slopes of
the discounting curves. Figures 1 and 2 show
the 24 subjects’ performances, ordered (from
top to bottom of the figure) in terms of the
steepness of their delay discount functions.
These figures indicate that at the individual-
participant level, the rate of delay and prob-
ability discounting was positively associated.
For example, Participants 6, 10, and 18
showed relatively little discounting in either
delay or probability conditions, whereas Par-
ticipants 14, 15, and 8 displayed the steepest
discounting in both conditions. The scatter

plot in Figure 3 shows the positive correlation
between delay and probability discounting
for the k and h values for the data shown in
Figures 1 and 2 more directly. The correla-
tion between delay and probability discount-
ing was statistically significant, Pearson’s r 5
0.749, p , .0001.

When both hyperbolic and exponential
functions were fitted to the median indiffer-
ence points (Figure 4), the hyperbolic model
showed a slightly better fit for the delay dis-
counting and a clearly better fit for the prob-
ability discounting. Figure 4 presents the me-
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Fig. 2. Individual discounting curves for the 12 most impulsive participants. Beginning at the top left, the 1st
participant (Participant 13) had the median k in the delay condition, and the last participant (Participant 8) had the
greatest k in the delay condition. Other details as for Figure 1.

dians of the indifference points and the best
fits for the hyperbolic and exponential mod-
els. Inspection of the top panel shows that,
compared to the hyperbolic model, the ex-
ponential model overestimated the indiffer-
ence points at short delays and slightly un-
derestimated them at longer delays. The
hyperbolic model explained 98.5% variance
for the delay data, whereas the exponential
model explained 95.2%. Similarly, in the
probability trials, the exponential model over-
valued high-probability (or low odds-against-
winning) rewards, and undervalued low-prob-
ability (or high odds- against- winning) re-
wards (bottom panel of Figure 4). The hy-
perbolic model explained a higher percentage
of variance (r2 5 98%) for the probability
data than the exponential model (r2 5 87%).

The superiority of the hyperbolic model in
accounting for variance in the data was also
evident in the individual subjects’ indiffer-
ence points (Table 1). In order to help de-
termine whether the apparent differences in
goodness of fit between the hyperbolic and
exponential model shown in Figure 4 were
meaningful, a statistical analysis was per-
formed on the r2 values obtained from fits to
the individual-subject data. Table 1 shows the
k values for the delay trials and the h values
for the probability trials and gives the per-
centage (r2) of variance explained by hyper-
bolic and exponential discounting models for
individual subjects. On the delay component,
the median r2 for fits to individual subjects’
data was 91.5% for the hyperbolic model ver-
sus 87% for the exponential models. When
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Table 1

Summary of the k and h values and the proportions of variance for the fits to the hyperbolic
and exponential discounting models for the 24 participants. The k and h values for each
participant were obtained by fitting hyperbolic and exponential discounting functions to the
average indifference points of four choice test sessions: pre- and postplacebo and pre- and
postethanol.

Delay condition Probability condition

Participant

Hyperbola

k r2

Exponential

k r2

Hyperbola

h r2

Exponential

h r2

1
2
3
4
5

0.002
0.019
0.025
0.016
0.004

.4

.95

.98

.91

.63

0.002
0.011
0.014
0.010
0.003

.33

.99

.99

.97

.71

1.181
0.767
1.865
0.881
0.540

.94

.99

.99

.99

.27

0.745
0.491
1.117
0.550
0.320

.86

.97

.97

.96

.05
6
7
8
9
10

0.000
0.020
0.700
0.009
0.001

—a

.97

.82

.96

.57

0.000
0.009
0.490
0.005
0.001

—a

.87

.78

.92

.52

0.208
1.919

11.38
1.904
0.786

.79

.81

.92

.92

.91

0.160
1.069
6.984
1.199
0.454

.70

.50

.81

.73

.76
11
12
13
14
15

0.005
0.005
0.009
0.230
0.402

.97

.92

.72

.98

.99

0.004
0.003
0.004
0.200
0.299

.99

.87

.57

.95

.99

1.166
1.219
2.769
5.155
2.178

.99

.97

.99

.94

.95

0.710
0.754
1.72
3.279
1.451

.94

.90

.93

.78

.96
16
17

0.196
0.019

.89

.91
0.241
0.007

.78

.76
1.367
0.913

.99

.95
0.862
0.530

.99

.84
18
19
20
21
22

0.001
0.063
0.004
0.003
0.041

.99

.87

.90

.95

.91

0.001
0.045
0.003
0.002
0.034

.99

.78

.86

.90

.81

0.591
2.659
1.534
0.637
1.120

.94

.91

.83

.98

.86

0.367
1.786
0.897
0.402
0.773

.84

.76

.56

.90

.89
23
24
Median

0.006
0.004
0.009

.94

.92

.915

0.004
0.003
0.004

.93

.87

.87

2.096
2.304
1.293

.96

.93

.94

1.325
1.471
0.817

.85

.75

.845
a The nonlinear curve-fitting program was unable to provide delay r2 values for Participant 6.

Fig. 3. Scatter plot of k in the delay condition versus
h in the probability condition after natural log transfor-
mation, that is, ln(k) versus ln(h). Each data point rep-
resents the value of h for probability as a function of the
value of k for delay for an individual participant. The k
and h values are the hyperbolic model data presented in
Table 1.

the r2 values for individual subjects for the
hyperbolic fits were compared with the r2 for
the exponential fits, the hyperbolic fits were
found to be significantly better, according to
Wilcoxon matched-pairs signed-ranks test, t 5
22.83, p , .005. Similarly, on the probability
components, the median r2 for fits to individ-
ual subjects’ data was 94% for the hyperbolic
model versus 84.5% for the exponential mod-
el. The Wilcoxon matched-pairs signed-ranks
test indicated the hyperbolic discounting
model to be significantly better than the ex-
ponential discounting model, t 5 24.16, p ,
.0001. Note that the medians of the individ-
ual-subject r2 values shown in Table 1 for de-
lay and probability differ from the r2 values
calculated using the median indifference
points of the group data shown in Figure 4.
However, examination of the individual-sub-
ject plots in Figures 1 and 2 shows that Figure
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Fig. 4. Discounting curves for the group data. The
data points represent the median amount of immediate
money estimated to be equivalent to the delayed $10 (top
panel) and to the probabilistic $10 (bottom panel). The
solid curve represents the best fit of a hyperbolic dis-
counting function (Equations 1 and 3), and the dotted
curve represents the best fit of an exponential discount-
ing function (Equations 2 and 4).

4 provides a good characterization of the sys-
tematic deviations of the individual subjects
from the hyperbolic and exponential dis-
count models. Thus, the group data from Fig-
ure 4 and the individual data from Table 1
indicate that the hyperbolic model appropri-
ately described both delay discounting and
probability discounting.

Ethanol had no effect on the discounting
of either delayed or probabilistic rewards. t
tests on the pre- and postethanol k and h val-
ues for both doses were not significant (Table
2). In addition, the two-way analysis of vari-
ance on the indifference points with drug as
one factor and delay (or probability) as the
second factor failed to produce a significant
effect of drug or a significant interaction of

drug with delay (or probability). The results
of the F tests are shown in Appendix D. Al-
though there was a significant effect of pla-
cebo in the delay component in the high-
dose group, this was probably a chance
finding resulting from the number of F tests
performed (i.e., Type I error). The lack of
effect of alcohol on discounting of delayed
and probabilistic rewards is also indicated by
comparison of the pre- and postethanol k and
h values for individual subjects, shown in Ap-
pendix A. The pre- and postethanol delay
and probability indifference points for the in-
dividual subjects are presented in Appendixes
B and C.

Although alcohol had no effect on dis-
counting of delayed and probabilistic re-
wards, Table 2 shows that BALs were in-
creased in a dose-dependent fashion (0.044
mg/dl and 0.067 mg/dl for the 0.5 g/kg and
0.8 g/kg doses, respectively). Participants re-
ported significant subjective effects at both
doses of alcohol. Relative to predrink base-
line, the low dose of alcohol significantly in-
creased scores on the PCAG scale (i.e., seda-
tion) of the ARCI, on ‘‘feel drug,’’ ‘‘feel
high,’’ ‘‘want more’’ scales of the DEQ, and
impaired psychomotor performance on the
DSST. The moderate dose significantly in-
creased scores on MBG scale (i.e., euphoria)
of the ARCI and on all four scales on the
DEQ (‘‘feel drug,’’ ‘‘feel high,’’ ‘‘like drug,’’
‘‘want more’’), relative to the predrink scores.
The BALs, performance on the DSST task,
and the ratings on the subjective effect scales
are listed for the individual subjects in Ap-
pendixes E and F.

Pearson product-moment correlation co-
efficients were calculated between k and h
(for the hyperbolic fit) values and impulsivity-
related scores on different personality tests.
The correlations between k (for delay) and
impulsivity scores on the IVE (Table 3) and
between k and the impulsivity and extrover-
sion scale scores on the EPI were not large
enough to be significant for an alpha level of
.05, nor were the corresponding correlations
involving h (for probability). Those correla-
tions involving the impulsivity and extrover-
sion scale scores on the EPI, however, were
large enough for signficance with a less con-
servative alpha of .1. Also, both k and h were
significantly correlated with the disinhibition
scale score on the SSS (p , .05). The individ-
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Table 2

Effects of ethanol (0.5 g/kg and 0.8 g/kg) on dependent measures taken after the choice
task was completed. k and h values are median change from the predrink (placebo or alcohol)
baseline. Other values are mean (SEM) change scores from the predrink (placebo or alcohol)
baseline. Change scores were calculated by subtracting predrink scores from postdrink scores
for each participant.

Measure

0.5 g/kg

Placebo Alcohol

0.8 g/kg

Placebo Alcohol

Delay (k median)
Probability (h median)
Breath alcohol (mg/dl)

0.000
0.001
0.001

(0.000)

0.000
20.059

0.045**
(0.007)

0.003
20.014

0.000
(0.000)

0.000
20.059

0.067**
(0.006)

DSST 20.08
(0.94)

24.83**
(1.35)

20.42
(0.82)

23.58
(1.69)

DEQ
Feel drug

Like drug

14.75
(5.27)

21.58
(3.65)

66.00**
(3.80)
11.67
(5.53)

20.08
(5.39)
8.25

(5.21)

73.92**
(6.55)
28.42**
(5.84)

Feel high

Want more

9.17
(3.88)
10.92
(4.86)

48.83**
(8.01)
31.17*
(9.84)

11.67
(4.49)
18.83
(8.29)

70.42**
(6.02)
52.83**
(9.61)

ARCI
Sedation 0.00 4.58** 0.50 1.67

Euphoria
(0.49)

20.17
(0.27)

(1.12)
0.17

(5.17)

(0.82)
0.75

(0.77)

(0.89)
3.75**

(0.97)

Note. DSST 5 Digit Symbol Substitution Test, DEQ 5 Drug Effects Questionnaire, ARCI 5 Addiction Research
Center Inventory.

* Significantly different from preplacebo or preethanol baseline at p , .05 according to Wilcoxon signed-ranks
matched-pairs t test.

** Significantly different from preplacebo or preethanol baseline at p , .01 according to Wilcoxon signed-ranks
matched-pairs t test.

Table 3

Pearson product-moment correlation coefficients for es-
timates of the k and h parameters in discounting func-
tions and scores of impulsivity in personality measures.

Personality measures

Discounting

Delay [ln(k)]
Probability

[ln(h)]

Impulsiveness-Venturesomeness-Empathy Questionnaire
Impulsivity scale 0.14 0.21

Eysenck Personality Inventory
Impulsivity scale
Extroversion scale

0.35*
0.36*

0.36*
0.44**

Sensation Seeking Scale
Disinhibition scale 0.45** 0.40**

* p , .10.
** p , .05.

ual-subject scores on the various personality
measures are listed in Appendix G.

DISCUSSION

The results of this study add to those from
previous studies on measures of impulsivity in
four ways. First, the study illustrates the su-
periority of a hyperbolic function to describe
discounting by delay and probability in hu-
mans. Second, by examining discounting by
delay and probability simultaneously within
the same participants, we showed that there
was a positive relationship between discount-
ing for these two variables. Third, it was
found that delay and probability discounting
as measures of impulsivity were positively cor-
related with scores obtained on some stan-
dard personality questionnaires. Fourth, al-
cohol had no effect on delay or probability
discounting.
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Hyperbolic Versus Exponential
Models of Discounting

Curve-fitting analyses showed that the dis-
count functions in this study were best de-
scribed by a hyperbolic function. When both
hyperbolic and exponential models were fit-
ted to the obtained delay and probability dis-
count curves, the hyperbolic models account-
ed for more of the variance than the
exponential models. The exponential models
overestimated the reward values at short de-
lays and high probabilities and underestimat-
ed them at longer delays and lower probabil-
ities. This was true both for individual
subjects’ functions and for the group data.

The better fit of the hyperbolic rather than
exponential function is consistent with pre-
vious reports with both delayed rewards and
probabilistic rewards (Myerson & Green,
1995; Rachlin et al., 1991; Raineri & Rachlin,
1993). Whereas the hyperbolic model pre-
dicts that reward value decreases rapidly at
short delays and more slowly at longer delays,
the exponential model predicts a constant
rate of decrease in value with delay. The hy-
perbolic model not only provides a better fit
to the present and previous data, but it also
accounts for preference reversals that some-
times occur as the time to an anticipated re-
ward elapses (Kirby & Herrnstein, 1995;
Myerson & Green, 1995). For example, if an
individual is given a choice between two fu-
ture rewards of unequal size, the smaller of
which is available sooner than the larger, the
individual might initially choose the larger,
more distant, reward. However, as time passes
and the availability of the smaller reward be-
comes imminent, the individual may then
prefer the smaller, more immediate reward.
The changing rate of discounting in the hy-
perbolic model accounts for this reversal be-
cause it predicts that the discount functions
for the smaller, less distant reinforcer and for
the larger, more distant reinforcers will cross
as the delay to choice decreases, whereas the
constant rate of discounting in the exponen-
tial model does not. Data suggest that similar
reversals of preference may also occur in
choices between probabilistic outcomes
(Rachlin et al., 1987). Thus, if the reward
probabilities for two probabilistic choices are
increased by the same probability, there may

be a reversal of preference between the two
alternatives.

Within-Subject Comparison of Probability
and Delay Discounting

It has been hypothesized that the processes
that underlie discounting by delay and prob-
ability are fundamentally the same (Logue,
1988; Mischel & Grusec, 1967; Rotter, 1954).
The present study provided some support for
this idea. We observed marked individual dif-
ferences in discounting of both delay and
probability, and the participants who exhib-
ited the greatest discounting of delayed re-
wards also exhibited the greatest discounting
of probabilistic rewards (i.e., the k value for
delay and the h value for probability were pos-
itively correlated). Despite the theoretical
reasons for supposing that discounting by de-
lay and probability is fundamentally the same,
however, this idea leads to an apparently
counterintuitive prediction. Individuals who
appear to prefer low-probability rewards are
sometimes referred to as ‘‘risk prone,’’
whereas those who avoid low-probability re-
wards are ‘‘risk averse’’ (Caraco, Martindale,
& Whittam, 1980; Kahneman & Tversky,
1979). For example, risk-prone individuals
should be relatively more likely to gamble on
a low probability of obtaining a reward than
are risk-averse individuals. In a procedure
such as that used in the current study, this
difference should result in risk-averse partic-
ipants having lower indifference points for a
given probability than risk- prone partici-
pants, thus showing steeper discount func-
tions than risk-prone participants. Thus, if de-
lay and probability are fundamentally the
same process, participants who are less willing
to wait in the delay procedure should also be
less likely to gamble. Interestingly, this does
not fit with our intuitive notions of ‘‘impul-
sive’’ individuals. The intuitive notion also
does not fit with the data obtained in this
study in which participants who discounted
delay more steeply were less likely to take
risks on the probabilistic choices.

Rachlin (1990) tried to reconcile the coun-
terintuitive prediction of the delay-probability
equivalence hypothesis described above by
suggesting that some risk-prone behavior,
such as compulsive gambling, may be the
product of a history of sparse reinforcement
schedules. That is, behavior may appear to be
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risk prone in individuals whose responding
persists after extensive experience with low
probabilities of reward (Ferster & Skinner,
1957). However, this account does not pro-
vide an obvious explanation for the associa-
tions between delay and probability discount-
ing within individuals observed in our study.

Alternatively, our intuitive notion of ex-
pecting impulsive individuals to be more risk
prone may be incomplete. That is, impulsive
individuals may indeed be more likely to take
risks, but only when the outcomes are nega-
tive (e.g., likelihood of losing money in a
gambling situation), as opposed to positive
(e.g., earning money, as in our study). Partial
support for this line of reasoning is provided
by a recent study by Fromme, Katz, and
D’Amico (1997). In this study, young adults
were asked to estimate the likelihood of a
negative outcome resulting from engaging in
risky activities (e.g., illicit drug use, sex with-
out a condom). They found that alcohol con-
sumption decreased the subjects’ estimates of
the probability of negative outcomes and did
not affect estimates of the probability of pos-
itive outcomes. This suggests that future stud-
ies aimed at studying risk taking should in-
vestigate situations that involve delayed or
uncertain negative reinforcers.

Association of Delay and Probability
Discounting with Paper-and-Pencil
Tests of Impulsivity

In the context of personality theory, im-
pulsivity and risk taking have been defined as
separate but often overlapping processes or
traits (Eysenck, 1993; Zuckerman, 1993). Im-
pulsivity is defined as a failure to take into
account the consequences of actions
(Eysenck, 1993), a definition that intuitively
corresponds well with the discounting model.
According to Eysenck, the trait of impulsivity
is part of a larger personality dimension re-
ferred to as extroversion. Risk taking is de-
fined by Zuckerman as a form of sensation
seeking, which increases arousal. The induc-
tion of arousal is thought to be positively re-
inforcing in risk-prone individuals. The dis-
inhibition scale of the SSS, in particular, is
thought to describe a lack of sensitivity to
normal social controls, and may be associated
with social disinhibition in the form of drink-
ing, partying, gambling, and sex. One of our
goals was to determine whether impulsivity

and risk taking, as measured by these person-
ality tests, were related to delay or probability
discounting in the procedure used in this
study.

We found that there was a trend for posi-
tive correlations between the k values for de-
lay and h values for probability discounting
and scores on the impulsivity and extrover-
sion scales of the EPI and the disinhibition
scale of the SSS. Thus, for example, the in-
dividuals with the largest k values, who
showed the greatest delay discounting in our
procedure, also scored highest on personality
measures that were empirically developed to
identify individuals who behave impulsively.
The magnitude of the correlations were mod-
est and on the IVE did not reach statistical
significance at either the .05 or .1 levels. Nev-
ertheless, the findings are notable consider-
ing that, for a study examining personality
measures, the number of participants was
small. Moreover, few of the questions on the
personality tests refer to discounting of future
consequences. We feel that these results are
important because these positive correlations
provide the first evidence that discounting in
a behavioral task is related to the personality
constructs measured by paper-and-pencil tests
of impulsivity, supporting the validity of the
discounting model of impulsive behavior.
Further experiments with additional partici-
pants are needed to determine the strength
of the association between discounting on the
behavioral task and personality measures of
impulsivity.

Effects of Alcohol on Delay and
Probability Discounting

Although alcohol produced the expected
dose-dependent effects on BAL, psychomotor
behavior, and self-report ratings, alcohol did
not influence the delay or probability dis-
counting functions. Consistent with previous
studies (de Wit & Doty, 1994; Doty & de Wit,
1995), alcohol increased subjects’ ratings on
‘‘feel drug,’’ ‘‘feel high,’’ and ‘‘want more’’
visual analogue scales. Ethanol impaired
DSST performance at the low but not the
moderate dose of ethanol, probably due to
variability across participants. Inconsistent ef-
fects of ethanol on DSST have also been
found in previous studies in this laboratory
(Doty, Kirk, Cramblett, & de Wit, 1995; Doty,
Zacny, & de Wit, 1994). The low dose of al-
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cohol increased ratings of sedation, whereas
a higher dose of alcohol increased ratings of
euphoria and liking. The absence of an effect
of this behaviorally active dose of alcohol on
our laboratory measure of impulsivity is in-
consistent with anecdotal reports that alcohol
is associated with impulsivity (Duffy, 1995;
Graham, 1980). This inconsistency could be
due to characteristics of the subject sample,
aspects of the test environment, or method-
ological details of the behavioral procedure.
The intoxication-impulsivity association has
been observed in specific populations, such
as alcoholics and individuals with low central
serotonin function (Linnoila et al., 1990;
Virkkunen & Linnoila, 1990), and the effect
may be less pronounced in normal healthy
social drinkers. Alternatively, the intoxication-
impulsivity association may be evident only
under conditions of high conflict. Based on
a review of 34 laboratory studies, Steele and
Southwick (1985) concluded that the effects
of alcohol on various social behaviors were
greater when participants were tested under
conditions of high conflict. High conflict here
refers to responses that have both reinforcing
and punishing consequences of substantial
magnitude. More recently, Lau, Pihl, and Pe-
terson (1995) reported that the effects of al-
cohol on aggression in humans were greater
under higher provocation (i.e., when inten-
sities of electric shock were higher). It may
be that alcohol would have more pronounced
effects on impulsivity in our procedure if the
situation had involved more conflict (e.g., if
it involved winning or losing larger amounts
of money). Finally, two procedural consider-
ations may also have contributed to the lack
of an alcohol effect. In the present design,
participants did not experience the delays
and probabilistic outcomes during the exper-
imental session, but made their choices based
on their previous life experiences, presum-
ably in the nonintoxicated state. It is possible
that the effects of alcohol become apparent
only when participants have direct experi-
ence with delayed and probabilistic rewards
while intoxicated. Another methodological
consideration concerns the sensitivity of the
procedure to changes in subjects’ perfor-
mance. It is possible that over repeated test-
ing on the procedure (i.e., practice, alcohol,
and placebo sessions) the participants might

have developed rules that prevented alcohol
from affecting their decisions.

In summary, this study illustrates the use of
an efficient, computer-based adjusting pro-
cedure to determine discount functions for
delay and probability in humans. Consistent
with previous studies with both laboratory an-
imals and humans, delay and probability dis-
count functions were hyperbolic, according
to the model proposed by Mazur (1987).
There were two novel findings regarding pos-
sible individual differences in impulsivity.
First, there was a relationship between dis-
counting by delay and probability: Individuals
who exhibited the strongest discounting of
delay also exhibited the strongest probability
discounting. Second, the degree of discount-
ing was modestly correlated with scores on
paper-and-pencil tests of impulsivity. Howev-
er, discounting was not affected by the ad-
ministration of moderate doses of alcohol.
Taken together, these results support the idea
that the behavioral discounting procedure
may be an efficient and sensitive measure of
impulsive behavior and has potential for
studying the effects of drugs.
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APPENDIX A

Values of k and h for each participant before and after administration of placebo and the low
(0.5 g/kg) and moderate (0.8 g/kg) doses of ethanol.

Placebo Ethanol

Participant

Delay (k)

Pre Post

Probability (h)

Pre Post

Delay (k)

Pre Post

Probability (h)

Pre Post

Low dose
1
2
3
4
5

0.002
0.020
0.030
0.015
0.004

0.002
0.019
0.028
0.015
0.004

1.244
0.688
1.451
0.884
0.325

1.130
0.699
1.458
0.884
0.326

0.002
0.018
0.021
0.017
0.004

0.002
0.018
0.019
0.017
0.006

1.135
0.859
2.597
0.884
0.811

0.931
0.920
2.025
0.884
0.866

6
7
8
9

10

0.000
0.082
0.296
0.009
0.001

0.000
0.087
0.449
0.006
0.001

0.209
1.140
7.685
1.891
0.719

0.226
1.140
7.420
1.423
0.961

0.000
0.010
1.716
0.009
0.001

0.000
0.012
1.570
0.010
0.001

0.208
1.140

18.778
1.938
0.865

0.174
1.140
4.402
1.418
0.728

11
12

0.004
0.004

0.004
0.003

1.344
0.924

0.964
1.097

0.006
0.009

0.005
0.007

1.013
1.620

0.929
1.642

High dose
13
14

0.006
0.553

0.008
0.625

2.508
3.408

2.357
3.327

0.024
0.117

0.020
0.123

3.095
7.801

1.861
5.472

15
16
17
18
19

0.269
0.051
0.013
0.001
0.030

0.272
0.306
0.013
0.001
0.080

2.497
1.221
1.015
0.672
1.634

1.705
1.473
0.782
0.662
1.542

0.635
0.486
0.028
0.001
0.121

0.338
0.342
0.012
0.001
0.439

1.900
1.521
0.835
0.515
3.956

1.765
1.741
0.364
0.461
3.549

20
21
22
23
24

0.006
0.003
0.048
0.006
0.002

0.007
0.006
0.051
0.006
0.004

1.685
0.551
1.056
1.558
2.979

1.883
0.595
1.094
2.240
3.041

0.003
0.002
0.035
0.005
0.007

0.004
0.001
0.043
0.005
0.009

1.414
0.730
1.120
2.789
1.900

1.419
0.734
1.056
3.319
2.077

Note. Participants 1, 5, 9, 11, 12, 15, 18, and 19 were female; the remainder were male.
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APPENDIX B

Delay indifference points for each participant before and after administration of placebo and
the low (0.5 g/kg) and high (0.8 g/kg) doses of ethanol. The values in the table are in dollars.
The delays are in days (2, 30, 180, 365). The zero-delay point is not included because it was
always equal to $10.00.

Placebo Ethanol

Par-
tici-
pant

Pre

2 30 180 365

Post

2 30 180 365

Pre

2 30 180 365

Post

2 30 180 365

Low dose
1
2
3
4
5

9.25
9.75
9.75
9.75
9.25

7.75
7.75
5.50
8.75
9.25

7.25
0.75
1.00
1.00
9.25

6.75
0.25
0.75
1.00
0.25

8.50
9.75
9.50
9.75
9.50

7.00
8.00
5.75
8.75
9.00

7.00
0.75
1.00
1.00
9.25

6.75
0.25
1.00
0.75
0.25

8.25
9.75
9.75
9.75
9.75

7.50
7.75
7.25
9.00
8.75

7.25
1.25
0.75
0.25
8.75

5.75
0.75
0.50
0.25
0.25

7.75
9.00
9.75
9.25
9.25

6.75
7.75
7.75
8.75
8.75

7.50
1.25
0.75
0.25
7.50

6.00
0.75
0.75
0.50
0.25

6
7
8
9

10

9.75
9.50
5.50
9.75
9.50

9.75
2.00
2.50
7.75
9.00

9.75
1.25
2.00
4.50
8.00

9.75
1.50
1.75
1.50
7.50

9.75
8.75
4.75
9.75
9.00

9.75
2.25
2.25
9.25
8.25

9.75
1.25
1.75
5.75
8.50

9.75
1.50
1.75
2.00
8.25

9.75
9.75
2.00
9.75
9.00

9.75
9.75
2.25
6.00
8.75

9.75
2.00
1.25
5.00
7.75

9.75
1.75
1.50
2.75
7.75

9.75
9.75
2.25
9.25
9.00

9.75
9.25
1.25
6.75
8.75

9.75
1.75
2.00
4.50
8.25

10.00
1.75
1.25
2.25
7.75

11
12

9.50
9.25

9.25
8.00

6.75
6.50

2.50
4.00

9.75
9.50

8.75
9.00

7.25
7.00

2.75
4.00

9.50
9.75

9.50
6.50

4.50
4.75

2.50
3.00

9.75
10.00

8.50
5.25

5.50
5.25

3.00
4.50

High dose
13
14
15
16
17

7.75
4.50
6.75
7.50
9.75

7.75
1.50
0.50
3.75
5.50

4.50
0.75
0.25
2.25
4.25

4.50
1.25
0.25
2.00
2.75

9.00
4.00
6.50
5.25
9.75

7.00
2.50
1.00
3.00
5.75

4.50
1.25
0.25
2.25
3.50

3.00
1.00
0.25
1.25
3.25

8.75
8.75
4.25
4.75
9.75

3.75
1.50
1.25
1.75
4.50

5.00
0.75
0.25
1.00
2.75

1.75
0.75
0.25
0.75
1.75

8.00
7.75
5.75
5.25
9.75

6.00
2.25
1.50
2.50
6.75

2.50
0.75
0.25
2.00
3.75

2.00
0.75
0.25
1.00
1.75

18
19
20
21
22

9.75
8.75
8.75
9.75
9.50

9.75
3.75
7.75
8.75
3.25

8.00
3.75
5.00
6.25
1.75

6.50
2.75
3.75
4.50
2.75

9.75
8.50
8.00
9.25
9.25

9.50
2.25
7.00
9.00
3.25

7.75
2.50
4.75
4.50
2.00

7.00
1.75
3.75
3.50
1.75

10.00
8.00
8.75
9.75
9.75

9.75
1.75
8.25
9.25
3.75

8.25
1.75
6.75
6.25
2.75

7.75
1.25
4.50
7.00
2.25

9.75
5.00
8.75
9.50
9.50

9.50
1.50
8.50
9.00
3.50

7.75
1.75
5.50
8.00
2.50

7.50
1.50
5.00
6.75
1.75

23
24

9.75
9.75

9.75
8.75

3.75
7.25

3.25
5.75

9.75
9.75

9.75
8.00

3.75
5.75

3.75
4.00

9.75
9.75

9.75
6.75

4.50
4.75

4.25
3.50

9.75
9.75

9.75
7.25

4.25
4.50

4.25
2.25
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APPENDIX C

Probability indifference points for each participant before and after administration of placebo
and the low (0.5 g/kg) and high (0.8 g/kg) doses of ethanol. The values in the table are in
dollars. The 1.0 probability point is not included because it was always equal to $10.00.

Placebo Ethanol

Par-
tici-
pant

Pre

.9 .75 .5 .25

Post

.9 .75 .5 .25

Pre

.9 .75 .5 .25

Post

.9 .75 .5 .25

Low dose
1
2
3
4
5

8.25
9.75
9.50
9.25
7.25

7.50
8.25
7.25
7.75
7.00

3.75
5.75
3.75
5.25
7.00

3.00
3.25
1.00
2.75
6.50

8.50
9.75
9.25
9.25
6.75

8.25
8.50
7.25
7.75
7.00

3.75
5.50
4.00
5.25
6.75

2.75
3.25
0.75
2.75
6.75

9.25
9.75
7.50
9.25
6.75

8.25
7.75
4.75
7.75
6.75

3.25
5.25
3.75
5.25
6.75

3.00
2.75
1.25
2.75
3.25

9.50
9.75
7.75
9.25
7.00

8.50
7.75
6.75
7.75
6.50

3.75
5.25
3.00
5.25
6.75

3.50
2.25
1.00
2.75
3.00

6
7
8
9

10

9.25
8.75
5.00
7.50
8.75

9.00
7.25
2.50
5.75
7.25

7.50
4.75
2.50
3.25
5.75

6.75
2.25
1.25
3.50
4.00

8.75
8.75
5.00
7.00
8.00

8.25
7.25
2.50
6.75
7.00

7.50
4.75
2.75
4.75
5.00

6.75
2.25
1.50
2.25
3.75

9.25
8.75
2.50
7.75
8.50

8.50
7.25
2.00
6.00
6.75

7.75
4.75
2.00
3.25
5.50

6.75
2.25
1.50
2.50
3.75

8.75
8.75
8.25
9.00
8.75

8.75
7.25
2.50
6.00
7.50

7.75
4.75
1.50
4.00
5.75

7.25
2.25
2.25
3.00
3.75

11
12

8.00
9.25

7.50
7.75

4.25
5.00

1.75
2.75

8.75
8.75

8.00
7.25

4.75
4.25

2.75
3.25

8.50
9.75

7.75
6.00

4.75
3.00

2.75
2.75

8.75
6.50

7.75
7.50

4.75
4.00

3.25
1.50

High dose
13
14
15
16
17

7.50
6.50
9.50
9.00
8.50

5.75
4.00
5.75
7.25
6.75

2.50
3.75
1.00
4.25
4.75

1.75
1.75
1.50
2.25
3.75

7.50
7.00
9.25
9.00
9.25

5.25
4.25
6.75
6.25
7.50

3.50
3.00
3.25
4.50
5.25

1.75
1.75
1.00
1.50
3.75

7.75
5.00
9.00
8.75
9.25

4.50
2.75
6.50
7.75
6.75

2.50
1.75
2.75
3.50
6.25

1.50
1.50
1.25
0.75
2.75

8.75
5.00
9.00
8.75
9.50

7.00
4.50
8.00
6.50
8.00

2.25
1.75
1.75
3.50
6.25

1.75
1.50
1.25
1.25
6.00

18
19
20
21
22

9.75
8.25
8.25
9.25
9.75

7.75
5.25
5.25
8.00
9.75

5.50
3.75
3.75
6.00
3.25

4.00
4.00
3.75
4.50
1.75

8.75
7.75
8.00
9.25
9.75

7.50
4.75
4.75
7.75
9.75

6.00
4.75
4.00
6.50
3.00

4.00
4.00
3.50
3.75
1.75

9.25
8.00
8.50
9.00
9.25

7.25
3.25
5.75
8.50
9.50

6.50
2.00
4.00
5.25
2.75

4.75
1.50
3.75
3.50
1.75

9.25
7.75
8.00
9.50
9.75

7.25
2.75
6.00
7.75
9.75

6.75
3.25
4.00
6.00
3.25

5.00
2.00
3.75
3.00
1.75

23
24

8.75
6.75

5.75
4.25

4.00
3.50

2.75
2.75

9.00
7.00

3.75
5.25

3.75
2.50

3.00
1.25

8.50
8.50

4.25
6.00

2.75
2.75

1.75
2.75

8.00
7.75

3.75
5.75

2.50
3.25

2.00
2.25

APPENDIX D

Results of ANOVAs of indifference points for each level of delay and probability (i.e., delay/
prob factor), pre- versus postbeverage (i.e., drug factor). Eight separate analyses were con-
ducted, including analyses for placebo and alcohol sessions in the low-dose group (n 5 12)
and high-dose group (n 5 12).

Delay (k) Probability (h)

Factor

Placebo

F p

Alcohol

F p

Placebo

F p

Alcohol

F p

Low dose
Drug
Delay/prob
Interaction

0.047
76.336
0.055

.833

.000

.690

1.363
47.451
0.581

.268

.000

.678

0.047
76.336
0.055

.833

.000

.690

2.250
96.303
0.474

.162

.000

.755

High dose
Drug
Delay/prob
Interaction

7.556
57.206
0.906

.019

.000

.469

0.002
51.264
1.574

.968

.000

.198

0.233
119.317

1.606

.639

.000

.190

2.708
100.960

0.667

.128

.000

.618

Note. In all the F tests the degrees of freedom were (1, 11) for the drug factor, (2, 44) for the delay (or probability)
factor, and (4, 44) for the interaction between drug and delay (or probability).
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APPENDIX E

Breath alcohol levels, performance on the Digit Symbol Substitution Test (psychomotor task)
and the ‘‘feel drug’’ scale of the Drug Effects Questionnaire (DEQ) for each participant
before and after administration of placebo and the low (0.5 g/kg) and high (0.8 g/kg) doses
of ethanol.

Breath alcohol (mg/dl) Psychomotor task DEQ ‘‘feel drug’’

Parti-
cipant

Placebo

Pre Post

Alcohol

Pre Post

Placebo

Pre Post

Alcohol

Pre Post

Placebo

Pre Post

Alcohol

Pre Post

Low dose
1
2
3
4
5

0.000
0.002
0.000
0.000
0.000

0.000
0.002
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.061
0.059
0.002
0.081
0.024

66
61
54
40
52

65
61
52
37
55

67
65
55
39
57

62
59
52
35
53

0
0
0
0
0

11
45
26
2
0

0
0
0
0
0

91
68
50
81
78

6
7
8
9

10

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.002

0.000
0.000
0.000
0.000
0.000

0.029
0.052
0.048
0.020
0.028

54
57
77
65
73

56
55
75
61
72

59
52
76
65
73

56
52
59
55
69

0
0
0
0
0

6
0
7
0

49

0
0
0
0
0

76
50
75
50
70

11
12

0.002
0.000

0.002
0.000

0.000
0.000

0.072
0.060

59
60

60
68

58
52

56
52

0
0

31
0

0
0

83
50

High dose
13
14
15
16
17

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.110
0.048
0.076
0.064
0.051

42
48
58
58
55

46
49
51
58
53

47
49
56
55
48

37
47
45
49
47

0
0
0
0
0

50
50
28
0

22

0
0
0
0
0

50
100
50
89

100
18
19
20
21
22

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.084
0.079
0.070
0.072
0.029

66
64
69
74
63

69
63
68
73
65

67
63
60
64
58

54
64
53
68
61

0
0
0
0
0

0
29
7
0

29

0
0
0
0
0

44
57
75
96

100
23
24

0.000
0.000

0.000
0.000

0.000
0.000

0.066
0.055

59
70

58
68

51
64

47
67

0
0

0
26

0
0

50
76
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APPENDIX F

Scores on the like drug scale of the Drug Effects Questionnaire (DEQ) and the sedation and
euphoria scales of the Addiction Research Center Inventory (ARCI) for each participant be-
fore and after administration of placebo and the low (0.5 g/kg) and high (0.8 g/kg) doses
of ethanol.

DEQ like drug ARCI sedation ARCI euphoria

Parti-
cipant

Placebo

Pre Post

Alcohol

Pre Post

Placebo

Pre Post

Alcohol

Pre Post

Placebo

Pre Post

Alcohol

Pre Post

Low dose
1
2
3
4
5

50
50
50
50
50

50
56
10
50
50

50
50
50
50
50

86
53
84
63
70

9
3
2
3
5

13
1
2
3
6

5
1
3
1
2

4
10
3
7
9

1
2
1
2
3

0
2
1
1
4

0
1
1
1
4

10
0
0
1
1

6
7
8
9

10

50
50
50
50
50

53
50
50
50
50

50
50
50
50
50

70
50
33
77
34

7
3
2
4
1

4
3
2
3
2

6
3
4
1
1

6
8
8
1
9

1
6
4
0
2

2
4
3
1
2

1
7
3
1
2

6
1
0
1
2

11
12

50
50

62
50

50
50

80
40

3
1

3
1

1
1

9
10

1
13

1
13

3
12

11
5

High dose
13
14
15
16
17

50
50
50
50
50

50
76
50
50
33

0
50
50
50
50

74
90
86
77
63

2
3
5
3
1

5
3
5
4
7

2
3
3
3
2

2
3
5
7
1

4
2
2
3
7

1
2
2
2
8

6
2
2
3
5

5
7
3
4

10
18
19
20
21
22

50
0

50
50
50

50
50
48
50
76

50
50
50
50
50

55
98
79
65
87

5
7
2
5
9

6
4
6
4
6

4
1
2
3
6

3
11
5
2
7

3
6
2
1
3

2
7
2
1
9

1
11
2
6
6

6
12
14
11
8

23
24

50
50

50
66

50
50

56
61

2
9

3
6

3
6

5
7

1
3

1
9

2
8

6
13
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APPENDIX G

Values of various personality measures for each partici-
pant. The measures are for the impulsivity scale of the
Impulsiveness-Venturesomeness-Empathy Questionnaire
(IVE), the impulsivity and extroversion scales of the
Eysenck Personality Inventory (EPI), and the disinhibi-
tion scale of the Sensation Seeking Scale (SSS).

Participant

IVE
impul-
sivity

EPI
impul-
sivity

EPI
extrover-

sion

SSS
disinhibi-

tion

1
2
3
4
5

7
5
2
5
3

2
3
3
2
4

11
7

13
7

11

4
5
4
2
1

6
7
8
9

10

7
7

13
16
8

3
5
9
6
5

7
10
18
15
13

2
0
7
6
5

11
12
13
14
15

15
13
8
3
8

4
7
2
3
4

15
18
9

12
14

3
4
4
6
7

16
17
18
19
20

13
1
4

17
5

5
4
1
7
3

12
15
8

19
8

6
1
4
4
5

21
22
23
24

15
14
9
9

7
4
3
4

17
14
13
15

5
7
6
1

Note. Maximum scores for the various tests: IVE impul-
sivity scale 5 19, EPI impulsivity scale 5 9, EPI extrover-
sion scale 5 24, and SSS disinhibition scale 5 10. Larger
values indicate greater impulsivity.


