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bstract

Delay discounting research determines how the value of an outcome is affected by delay to its receipt. Research so far shows that consumable
utcomes are discounted more steeply by delay than money. Prior studies, however, have used large amounts of the outcomes (e.g. $100 worth)
hat would not typically be consumed in one bout, unlike the corresponding amount of money (e.g. $100). This experiment examined whether
mall amounts of food would be discounted more steeply than money, as occurs with larger amounts. One hundred and two adults indicated
heir preferences in a series of choices for two hypothetical outcome types: immediate versus delayed food and immediate versus delayed money.
articipants made choices involving either relatively small maximum amounts of food ($10 worth) and money ($10) or for relatively large maximum

mounts of food ($100 worth) and money ($100). In the within-subject comparisons, food was discounted more steeply by delay than money for
oth groups. In the between-subject comparisons, different amounts of the commodities were affected similarly by delay. Overall, these results
uggest that steeper discounting of consumable outcomes than money is a fairly robust phenomenon, occurring with relatively small amounts of
utcomes as well as with larger amounts.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Delay discounting refers to the tendency for the present value
f an outcome to be diminished, or discounted, by a delay to its
eceipt (e.g. Mazur, 1987; Rachlin et al., 1991; see Critchfield
nd Kollins, 2001, for review). Delay discounting typically
s assessed by having the participants (human or non-human)
hoose between a relatively small but immediate outcome and
relatively large but delayed outcome. The value of the imme-
iate outcome is typically titrated across choices. The goal is
o find the indifference point—the point at which the smaller
ooner outcome and larger delayed outcome have equal value. In
ssence, the technique determines the present value of a delayed
utcome. When this procedure is repeated at various delays to
he larger later outcome, it generates a series of indifference
oints that can be plotted to examine the manner in which the

alue of an outcome decays with delay to its receipt.

The usual finding is that present value declines substantially
ith shorter delays and then less per unit time with longer delays

∗ Corresponding author at: Department of Psychology, 2810 Old Main Hill,
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o receipt of the delayed outcome. This relation is well accounted
or across species (e.g. Green and Myerson, 2004) by a variant of
hyperbolic decay model (Mazur, 1987) advocated by Myerson
nd Green (1995):

= A

(1 + kD)s
(1)

n which V is the present, discounted value of an outcome, A
he amount of that outcome, and D is the delay to receipt of the
utcome. The fitted parameter k reflects the impact of delay: If
is large, value is decreased greatly by delay, but if k is small,
alue is decreased less by delay. The exponent s is thought to
eflect the non-linear scaling of amount and/or delay. If s = 1.0,
q. (1) is a simple hyperbola (Mazur, 1987):

= A

1 + kD
(2)

Delay discounting investigations have become increasingly
opular because they are thought to capture important aspects of
hoice (see Bickel and Marsch, 2001, for review). For example,

f delayed consequences like maintaining future health are suf-
ciently discounted, an injection drug user may share a needle
ith another person to inject a drug now, thus risking the loss
f their health for an immediate high (see Odum et al., 2000).

mailto:Amy.Odum@usu.edu
dx.doi.org/10.1016/j.beproc.2006.06.008
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n behavioral terms, this is impulsive behavior (Ainslie, 1974;
ogue, 1988): choosing a smaller more immediate reinforcer

e.g. fleeting drug effects) over a larger more delayed reinforcer
e.g. long-term health). Most studies of delay discounting with
uman participants use hypothetical outcomes, and research to
ate indicates that hypothetical outcomes are discounted simi-
arly to actual outcomes (e.g. Johnson and Bickel, 2002; Lagorio
nd Madden, 2005; Madden et al., 2003, 2004).

Several factors are known to affect the degree of discounting
f the value of an outcome. For example, smaller amounts (e.g.
100) tend to be discounted more steeply than larger amounts
e.g. $25,000; Green et al., 1997; see Green and Myerson, 2004,
or review). The type of outcome also has an effect. For example,
igarette smokers discount cigarettes more steeply than money
Bickel et al., 1999). Similarly, people with problems with alco-
ol (Petry, 2001), cocaine (Coffey et al., 2003), and heroin (e.g.
adden et al., 1997) discount their drug of abuse more steeply

han money. These findings all suggest that people may be espe-
ially likely to behave impulsively with respect to abused drugs,
ecause the drugs have little value if delayed.

Steeper discounting of drugs than money could occur for a
ariety of reasons. For example, Madden et al. (1997) noted
hat abstinence from drug use can be accompanied by aversive
ithdrawal symptoms, and the drug may be taken to relieve

hese symptoms (i.e. the drug may function as a negative rein-
orcer). In support of this idea, some limited evidence indicates
hat negative reinforcers may be discounted more steeply than
ositive reinforcers (e.g. Navarick, 1982; Solnick et al., 1980).
urthermore, Giordano et al. (2002) showed that relative opioid
eprivation increased the degree to which opioid-dependent out-
atients discounted delayed money and heroin. In other words,
ild opioid withdrawal increased the degree of discounting by

elay.
We have been pursuing a different possibility: that drugs are

iscounted more steeply than money as part of a general pro-
ess by which directly consumable outcomes are discounted
ore steeply than outcomes that are not directly consumable.

n this view, steeper discounting of drugs than money is not a
nique feature related to addiction. What evidence is there for
his possibility? Across studies, Navarick (1982) found that dis-
ounting rates for consumable reinforcers (e.g. access to a video
ame) were many times higher than discounting rates for non-
onsumable reinforcers (e.g. money). In a direct within-subject
omparison, Odum and Rainaud (2003) found that people who
ere selected because they did not have any self-reported addic-

ive disorders discounted alcohol more steeply than money.
erhaps most important, they also discounted food more steeply

han money, and similarly to alcohol. These results showed that
ormal drinkers, who do not experience withdrawal symptoms,
iscounted a drug more steeply than money (see also Petry,
001), and discounted food, another consumable reinforcer, sim-
larly to alcohol. More recently, Estle et al. (in press) showed that
ollege students discounted a variety of consumable outcomes

beer, candy, and soda) more steeply than money.

In the present experiment, we followed up on a potential lim-
tation of earlier studies. Odum and Rainaud (2003) used $100,
100 worth of food, and $100 worth of alcohol in the discounting
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ssessment. This amount was chosen because it was the same
r less than the amounts used previously in related experiments
e.g. Bickel et al., 1999; Petry, 2001), but raises questions as to
he mechanism of the effects found. For example, one hundred
ollars worth of food or alcohol is more than is typically con-
umed within a single bout for the majority of people, and as
uch may pose an unrealistic situation for them. Most people
ave experience with purchasing something that costs atleast
100 though. Estle et al. (in press) used as their smallest amount
0 units of beer, candy, and soda, which is subject to similar
oncerns.

To assess the generality of the results of previous studies,
e examined delay discounting of different amounts of food

nd money. As in Odum and Rainaud (2003), one group of par-
icipants completed the delay discounting assessment with $100
nd $100 worth of their favorite food. In addition, another group
ompleted the delay discounting assessment with $10 and $10
orth of their favorite food. The main goal was to determine
hether the smaller amount of food (i.e. that could more rea-

onably be consumed in one bout) was discounted more steeply
han the smaller amount of money. We also examined how dis-
ounting compared across the different amounts of money and
he different amounts of food.

. Materials and methods

.1. Participants

One hundred and two participants were recruited for this
tudy from Introductory Psychology classes via announcement.

telephone screen assessed eligibility criteria. Specifically,
fter answering some demographic questions, participants were
sked to answer the five questions from the Eating Disturbance
cale (EDS-5; Rosenvinge et al., 2001). Those with a score of

ess than 25 were invited to participate. The participants were not
nformed of the inclusion criteria and those that did not qualify
2) were not told why. During the interview, participants were
lso asked about their favorite food and its approximate cost.
ll participants, including the ones that did not meet the crite-

ia to be in the study, earned extra credit for their classes. The
nstitutional Review Board of Utah State University approved
he study.

.2. Procedure

Participants were tested individually in a small quiet room.
hey signed an Informed Consent and then provided demo-
raphic information. Hypothetical rewards and delays were
rinted on 3 in. × 5 in. index cards. Participants were seated indi-
idually across a table from the research assistant.

.2.1. Delay assessment
All participants were tested with two outcomes, money and
ood. The order of assessments for each outcome was counter-
alanced among participants using block randomization. Par-
icipants were also assigned by block randomization to either
he large or the small group. For money, participants of the large
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roup were asked about $100 and participants of the small group
ere asked about $10. In the food condition, participants were

sked about the equivalent value of their preferred food. For
xample, if the participant had indicated in the telephone screen
hat his preferred food was pizza that cost $3.00 a piece, if he
ere in the small group, he would be asked about 3.33 pieces
f pizza ($10 divided by $3). On the other hand, if he were in
he large group, he would be asked about 33.33 pieces of pizza
$100 divided by $3).

The index cards describing the delays and the outcomes avail-
ble were placed in front of the participants. The top row showed
he delays. Outcomes on the participant’s left were always avail-
ble “now” and outcomes on the right were available after the
pecified delay (1 day, 2 days, 1 week, 2 weeks, 1 month, 6
onths, or 2 years). The second row of the cards described the

mounts of the reward. The values for the immediate outcome
hanged after each trial. For example, values for the large group
egan at $100.00, and then decreased to $99.00, $97.50, $95.00,
92.50, $90.00, $85.00, $80.00, $75.00, $65.00, $60.00, $55.00,
50.00, $45.00, $40.00, $35.00, $30.00, $25.00, $20.00, $15.00,
10.00, $7.50, $5.00, $2.50, and $1.00 (or the equivalent amount
f their favorite food with any fractions expressed as decimals).
or the small group, the amounts were the same as the large
mounts but divided by ten. The values for the delayed outcome
ere always the same: $100.00 (or $100 worth of food) for the

arge group and $10.00 (or $10 worth of food) for the small
roup. The bottom row contained a single card describing the
ype of outcome. In the food trials, the card described the pre-
erred food. For example, if the participant had chosen pizza,
he word “pizza” would be written on the card. In the money
rials, for all participants the word “money” was written on the
ard. These delays and amounts are consistent with those used
n previous delay discounting studies (e.g. Green et al., 1997;
dum and Rainaud, 2003; Petry, 2001; Reynolds et al., 2004).
For each of the choices for each outcome, participants indi-

ated whether they would choose the immediate or delayed out-
ome. The research assistant noted each choice. Before starting
he assessments, participants were read the following instruc-
ions:
I am going to ask you to make some decisions about which of
two rewards you prefer. You will not receive the rewards that
you choose, but I want you to make your decisions as though
you were really going to receive these rewards you choose.

a
a
a
a

ig. 1. Residuals (difference between obtained and predicted present value) as a fu
anel) and Eq. (2) (the simple hyperbolic decay model; right panel). Residuals are sho
mall amounts of money, and small amounts of food. Note that x-axes are in logarith
ocesses 73 (2006) 278–284

The possible rewards are written on these index cards. The
cards on your left display a reward that you can get today. The
cards on the right display the reward that you can get after
the specified amount of time. So now you are being asked to
choose between an immediate amount delivered today ver-
sus a delayed amount that you would get after waiting the
delay interval. Point to the reward that you would prefer. The
choices you make are completely up to you. Please select
the option that you prefer, not what you think I want you to
prefer. I do not expect you to choose one particular reward
over the other. Just choose the one you really want.

The first choice was always between the highest reward
mount delivered immediately ($100 or $10, or equivalent
mount of food) and an equal amount delivered after the speci-
ed delay. After the participant indicated each choice, the value
f the immediate card was decreased. This sequence continued
ntil the minimum amount of the immediate reward was pre-
ented. Then the cards were collected and presented again in the
everse order. For each delay, the indifference point was taken
s the average between the last immediate amount chosen in the
escending order and the first immediate amount chosen in the
scending order. Testing of each participant took approximately
5 min.

.3. Data analysis

The simpler hyperbolic decay model (Eq. (2); Mazur, 1987)
nd the more complex hyperboloid decay model (Eq. (1);
yerson and Green, 1995) were fitted to the median indifference

oints for each outcome using non-linear regression (GraphPad
rism®). Fig. 1 shows the residuals from these fits (the differ-
nce between the predicted and obtained present value at each
elay) for both equations. The residuals change systematically
s a function of delay for both models, but in general appear
arger and more systematic for Eq. (2). We also calculated the
ifference between Akaike’s Information Criterion (AIC) for
qs. (1) and (2) to determine whether the more complex model
ccounted for enough additional variance to warrant adding a
ree parameter. The difference in AIC was positive for the large

mount of food (5.008), the small amount of money (8.019),
nd the small amount of food (8.281), but negative for the large
mount of money (−6.451). In other words, in the terms associ-
ted with the AIC, for all data sets except for the large amount

nction of delay for Eq. (1) (the more complex hyperboloid decay model; left
wn for each of four outcomes: large amounts of money, large amounts of food,

mic units for ease of viewing.
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F left panel) and small amounts of money and food (right panel). Points show median
i tage of the delayed amount. Lines show the best-fitting discount functions generated
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Table 1
Average demographic and participant characteristics for the large and small
groups

Variable Small group (N = 51) Large group (N = 51)

Gender (% male) 34 41.5
Age (years) 21.82 (4.77) 22 (4.91)
Ethnicity (% white) 90 80
Marital status (% single) 78 79
Education (years) 14.04 (1.32) 13.62 (1.23)
I
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g
s
e
T
a
d
f
n
o
1
1
p
m
w
(s) were all less than one, as has been previously reported for
money (e.g. Myerson and Green, 1995). Overall the fits (R2)
were fairly good, but the equation accounted for more variance

Table 2
The median k and s parameters as well as R2 for the hyperboloid decay model
(Eq. (1)) fit to the median indifference points for large amounts of money, large
amounts of food, small amounts of money and small amounts of food (see text
for details)

Outcome k s R2
ig. 2. Temporal discounting functions for large amounts of money and food (
ndifference points for the outcomes as a function of delay, expressed as percen
y the hyperboloid model (see text for details).

f money the more complex hyperboloid model is more likely
o be correct. For these reasons, we show the fit of Eq. (1) (the

ore complex hyperboloid decay model) to the data (see Section
). Because the values for k are not normally distributed, non-
arametric analyses are required to evaluate data from individual
ubjects (see Rachlin et al., 1991). With the present experimental
esign, however (a within-subjects factor and between-subjects
actor), there are no readily available statistical programs that
an perform the required analyses, so Eq. (1) was only fit to the
edian data.
The area under the curve (AUC; Myerson et al., 2001) was

alculated for each outcome type for each participant. The AUC
s a desirable measure because it is atheoretical and therefore
oes not impose any particular model or assumptions on the
ata. Furthermore, it is normally distributed, unlike the derived
iscounting parameter k from the hyperboloid equation, and can
herefore be evaluated with parametric statistics. To calculate the
UC, the delays and indifference points were first normalized.
hen the actual area underneath the curve was calculated by
umming the results of the following equation for each delay
nd present value pair: x2 − x1[(y1 + y2)/2], where x1 and x2 are
uccessive delays and y1 and y2 are the present values associated
ith those delays. The AUC can range from 1 (no discounting)

o 0 (maximum discounting). To determine the overall effect
f outcome type on AUC, an Analysis of Variance (ANOVA)
as conducted with two levels of the within-subjects factor of
utcome type and two levels of the between-subjects factor of
utcome amount. Paired t-tests were used to compare AUCs
or money versus food, and independent t-tests were used to
ompare AUCs for large and small outcomes.

. Results

Table 1 shows the demographic characteristics of the partic-
pants in the large and small groups. On average, 38% of the
articipants were male, 85% were white and 79% were single.
hey were on average 22 years old with approximately 14 years
f education. They earned on average $601/month and had an

verage score on the EDS of 15.7 points. A Mann–Whitney test
evealed no significant difference in income between the groups.
n ANOVA revealed no significant differences for any of the
ther demographic characteristics.

L
L
S
S

ncome ($ monthly) 631.72 (869.38) 570.64 (788.22)
DS-5 16.58 (5.0) 14.71 (5.8)

Fig. 2 shows the median indifference points for the large
roup (left panel) and small group (right panel) at each of the
even delays. For visual comparison purposes, all values are
xpressed as the percentage of the delayed (standard) amount.
he fitted functions show the estimated value of each outcome
s generated by Eq. (1). The present value of delayed outcomes
ecreased more steeply for food than for money. For example,
or the large group, $100 delayed by 1 day was worth $97.5
ow, whereas $100 worth of food delayed by 1 day was worth
nly $55 now. Similarly, for the small group, $10 delayed by
day was worth $9.75 now and $10 worth of food delayed by
day was worth only $6.25 now. Table 2 shows the k and s

arameters and the R2 (goodness of fit) for the equation fit to the
edian indifference points for each outcome. The ks for money
ere substantially smaller than those for food. The exponents
arge money 0.01608 0.3244 0.91
arge food 21.19 0.1559 0.71
mall money 0.2186 0.1542 0.96
mall food 10.13 0.1537 0.84
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Fig. 3. Mean area under the curve for large amounts of money, large amounts of
food, small amounts of money and small amounts of food. Vertical lines indicate
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ne standard error above and below means. The means of outcomes marked with
he letter ‘a’ are significantly different from the means of outcomes marked with
he letter ‘b’. The means ‘a’ and ‘b’ are not significantly different from each
ther.

n the indifference points for monetary outcomes than for food
utcomes.

The mean values for the normally distributed AUC are shown
n Fig. 3. The AUCs for monetary outcomes were bigger than
he AUCs for food, reflecting steeper discounting of food.
he ANOVA revealed a significant overall effect of outcome

ype, F(1, 100) = 47.95, P < 0.0001, but no significant effect
f outcome amount or significant interaction between outcome
mount and type. Follow-up tests showed a significant difference
etween the AUCs for the large amount of money and the large
mount of food, t(50) = 5.24, P < 0.0001, and the small amount
f money and the small amount of food, t(50) = 4.55, P < 0.0001.
lthough the mean AUC for $100 was larger than that for $10,

nd for $100 worth of food was larger than for $10 worth of
ood, these differences were not significant.

. Discussion

This experiment showed that college students discounted
ood more steeply than money. This result held for small amounts
f money ($10) and food ($10 worth) as well as for large amounts
f money ($100) and food ($100 worth). In terms of the discount-
ng of different amounts, however, the results were not as clear.
lthough larger amounts were discounted less steeply, these dif-

erences did not reach conventional levels of significance. Below
e discuss each of these findings in turn as well as some of their

mplications.
First we will consider the effect of the amount of an outcome

n the degree of discounting. A well-documented finding is that
maller amounts of money are discounted more steeply than
arger amounts of money (e.g. Green et al., 1997; see Green and

yerson, 2004, for review). The results are less clear for directly
onsumable outcomes, though. For example, Petry (2001) found
non-significant trend (P = 0.09) towards smaller amounts of
oney being discounted more than larger amounts of money.
or alcohol, despite the fact that the discounting parameter for

maller amounts of alcohol was larger than the discounting
arameter for larger amounts of alcohol, these differences did
ot reach conventional levels of significance. Similarly, although
stle et al. (in press) found an overall effect of amount on dis-

h
1
fi
s

ocesses 73 (2006) 278–284

ounting when AUCs for money and the directly consumable
utcomes were analyzed together, this effect did not quite reach
onventional levels of significance (P = 0.06) when only con-
umable outcomes were analyzed.

These results highlight two aspects of delay discounting.
irst, although larger amounts of money are typically discounted

ess steeply than smaller amounts of money, there are cases, as in
he present study, where this finding does not seem particularly
obust. One difference between the present study and previous
nes finding robust amount-dependent discounting with money
s that the comparison was between subjects. In the current
xperiment, our primary focus was to discover whether relatively
mall amounts of food would be discounted more steeply than
elatively small amounts of money, so the comparison between
ood and money was conducted within subjects. We included
he group with larger amounts as a point of reference to our
revious study (Odum and Rainaud, 2003), and the comparison
etween amounts was conducted across subjects. Prior studies
ave often focused on amount-dependent discounting per se,
nd all of those analyses to our knowledge have been within-
ubject. Testing different amounts within subjects may facilitate
omparisons of the amounts for the participants, creating a con-
rast effect, and therefore making the difference in the degree
o which the different amounts are discounted larger. We are
urrently investigating this possibility.

Second, the effect of amount on discounting of consumable
utcomes may be less robust than the effect of amount on dis-
ounting of money. For example, Petry (2001) found no signifi-
ant difference between discounting of 15 bottles of liquor and
50 bottles of liquor. Estle et al. (in press) found that when data
or soda, candy, and beer were analyzed separately from those
or money, the effect of amount did not reach conventional levels
f significance. In the present study, although large amounts of
ood were discounted less steeply than small amounts, this dif-
erence was not significant. The effects of amount of outcome on
he degree of discounting of directly consumable rewards have
arely been investigated and will require more study.

The finding that food was discounted more steeply than
oney agrees with previous results showing that money is dis-

ounted less steeply than directly consumable outcomes. For
xample, in direct comparisons, Estle et al. (in press) showed that
ollege students discounted candy, beer, and soda more steeply
han money. Odum and Rainaud (2003) showed that commu-
ity volunteers discounted food and alcohol more steeply than
oney, and Petry (2001) found that alcoholics, currently absti-

ent alcoholics, and control participants discounted liquor more
teeply than money. The results of these prior studies can be
uestioned, however, on the grounds that the amounts used were
o large as to be unrealistic or unable to be consumed in one bout,
nlike the corresponding amount of money. Estle et al. (in press)
sed as their smallest amount 40 units of the different outcomes
i.e. 40 candy bars, 40 beers, 40 sodas, and $40), Odum and
ainaud (2003) used $100 worth of food, $100 worth of alco-

ol, and $100, and Petry (2001) used as her smallest amount
5 bottles of liquor and $100. The present results extend these
ndings to a relatively small amount of food ($10 worth) ver-
us money ($10). This amount was chosen because it is within
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he range that college students, as well as the general popula-
ion, might plausibly consume within a single meal. Therefore,
he difference in the degree of discounting between consum-
ble outcomes and money is not restricted to relatively large
mounts.

The question that remains is why food is discounted more
teeply than money. We originally considered several possibili-
ies (Odum and Rainaud, 2003), some of which may now be ruled
ut. For example, money is a conditioned reinforcer, whereas
ood is a primary reinforcer. This difference does not appear to be
he important one, because Estle et al. (in press) recently found
hat money is discounted by probability (rather than delay) to
he same extent as food. They argue that if the critical difference
etween money and food were the conditioned versus primary
einforcing aspect, probability discounting would be expected
o yield similar results to delay discounting. The present study
ith relatively small amounts helps rule out another possibility.
eople may have discounted food more steeply than money in
revious studies because the amounts involved were so large that
he food could not be consumed in one bout, unlike the money.
imilarly, food may be more steeply discounted than money
ecause it is perishable, and would lose objective value over
ime. Petry (2001), however, found that bottles of liquor, which
re not highly perishable, were also discounted more steeply
han money. Odum and Rainaud (2003) also found that a partic-
pant’s favorite alcoholic beverage was discounted similarly to
heir favorite food, even though alcoholic beverages are typically
ess perishable than food.

The current best explanation of those we suggested may
e that money is not directly consumed, but is exchangeable
or other things, whereas food is directly consumed. Estle et
l. (in press) suggest that directly consumable items may be
teeply discounted because desire for a particular item may fluc-
uate over time, but delayed money can always be exchanged
or whatever is needed at that point. Regardless of the mech-
nism, steeper discounting of consumable outcomes appears
o have fair generality so far. Direct comparisons have found
teeper discounting of a favorite food than money (the present
tudy), of a favorite food and a favorite alcoholic beverage than
oney (Odum and Rainaud, 2003), of candy, beer, and soda than
oney (Estle et al., in press), and of liquor than money (Petry,

001).
These findings may be related to results that are usually

nterpreted in terms of addiction. People with addiction prob-
ems discount their drug of abuse more steeply than money
e.g. Bickel et al., 1999; Coffey et al., 2003; Madden et al.,
997; Petry, 2001). One possibility is that drugs of abuse are
iscounted steeply because of some feature of addiction (see
adden et al., 1997), perhaps related to relief from withdrawal

ymptoms (Bickel et al., 1999; Madden et al., 1997; Petry, 2001).
lthough intuitively appealing, there are a number of factors that

ppear to pose difficulties for this account. For example, cocaine
ddicts discount cocaine more steeply than money (Coffey et al.,

003), showing that steeper discounting of drugs than money is
ot unique to drugs with a pronounced withdrawal syndrome.
urthermore, people without alcohol dependence discount alco-
ol more steeply than money (Odum and Rainaud, 2003; Petry,

M

ocesses 73 (2006) 278–284 283

001), showing that non-drug dependent individuals, who do
ot experience withdrawal symptoms, discount a drug that others
buse more steeply than money. Finally, people discount another
onsumable outcome, food, as steeply as forms of alcohol (Estle
t al., in press; Odum and Rainaud, 2003). More research will
e required to determine whether steep discounting of drugs is
elated to some aspect of addiction or to the fact that drugs are
onsumable.

cknowledgements

We thank Megan Ryan for help with data collection, Tim
hahan for helpful comments and discussion, and Ryan Ward for
elp with the analyses. Portions of these data were presented at
he 31st annual meeting of the Association for Behavior Analysis
n Chicago, IL in May of 2005.

eferences

inslie, G., 1974. Impulse control in pigeons. J. Exp. Anal. Behav. 21, 485–489.
ickel, W.K., Marsch, L.A., 2001. Toward a behavioral economic understanding

of drug dependence: delay discounting processes. Addiction 96, 73–86.
ickel, W.K., Odum, A.L., Madden, G.J., 1999. Impulsivity and cigarette smok-

ing: delay discounting in current, never, and ex-smokers. Psychopharmacol-
ogy 146, 447–454.

offey, S.F., Gudleski, G.D., Saladin, M.E., Brady, K.T., 2003. Impulsivity
and rapid discounting of delayed hypothetical rewards in cocaine-dependent
individuals. Exp. Clin. Psychopharmacol. 11, 18–25.

ritchfield, T.S., Kollins, S.H., 2001. Temporal discounting: basic research
and the analysis of socially important behavior. J. Appl. Behav. Anal. 34,
101–122.

stle, S., Green, L., Myerson, J., Holt, D.D., in press. Discounting of monetary
and directly consumable rewards. Psychol. Sci.

iordano, L.A., et al., 2002. Mild opioid deprivation increases the degree
that opioid-dependent outpatients discount delayed heroin and money. Psy-
chopharmacology 163, 174–182.

reen, L., Myerson, J., 2004. A discounting framework for choice with delayed
and probabilistic rewards. Psychol. Bull. 130, 769–792.

reen, L., Myerson, J., McFadden, E., 1997. Rate of temporal discounting
increases with amount of reward. Mem. Cognition 25, 715–723.

ohnson, M.W., Bickel, W.K., 2002. Within-subject comparison of real and
hypothetical money rewards in delay discounting. J. Exp. Anal. Behav. 77,
129–146.

agorio, C., Madden, G.J., 2005. Delay discounting of real and hypotheti-
cal rewards. III: Steady-state assessments, forced-choice trials, and all real
rewards. Behav. Process. 69, 173–187.

ogue, A.W., 1988. Research on self-control: an integrating framework. Behav.
Brain Sci. 11, 665–709.

adden, G.J., et al., 2004. Delay discounting of potentially real and hypo-
thetical rewards. II. Between- and within-subject comparisons. Exp. Clin.
Psychopharmacol. 12, 251–261.

adden, G.J., Begotka, A.M., Raiff, B.R., Kastern, L.L., 2003. Delay dis-
counting of real and hypothetical rewards. Exp. Clin. Psychopharmacol.
11, 139–145.

adden, G.J., Petry, N., Badger, G.J., Bickel, W.K., 1997. Impulsive and self-
control choices in opioid-dependent patients and non-drug-using control
participants: drug and monetary rewards. Exp. Clin. Psychopharmacol. 5,
256–262.

azur, J.E., 1987. An adjusting procedure for studying delayed reinforcement.

In: Commons, M.L., Mazur, J.E., Nevin, J.A., Rachlin, H. (Eds.), Quantita-
tive Analysis of Behavior: The Effect of Delay and of Intervening Events of
Reinforcement Value., vol. 5. Erlbaum, Hillsdale, NJ, pp. 55–73.

yerson, J., Green, L., 1995. Discounting of delayed rewards: models of indi-
vidual choice. J. Exp. Anal. Behav. 64, 263–276.



2 ral Pr

M

N

O

O

P

R

R

R

84 A.L. Odum et al. / Behaviou

yerson, J., Green, L., Warusawitharana, M., 2001. Area under the curve as a
measure of discounting. J. Exp. Anal. Behav. 76, 235–243.

avarick, D.J., 1982. Negative reinforcement and choice in humans. Learn.
Motiv. 13, 361–377.

dum, A.L., Madden, G.J., Badger, G.J., Bickel, W.K., 2000. Needle sharing
in opioid-dependent outpatients: psychological processes underlying risk.
Drug Alcohol Depend. 60, 259–266.
dum, A.L., Rainaud, C.P., 2003. Discounting of delayed hypothetical money,
alcohol, and food. Behav. Process. 64, 305–313.

etry, N.M., 2001. Delay discounting of money and alcohol in actively using
alcoholics, currently abstinent alcoholics, and controls. Psychopharmacol-
ogy 154, 243–250.

S

ocesses 73 (2006) 278–284

achlin, H., Raineri, A., Cross, D., 1991. Subjective probability and delay. J.
Exp. Anal. Behav. 55, 233–244.

osenvinge, J.H., Perry, J.A., Bjørgum, L., Bergersen, T.D., Silvera, D.H., Holte,
A., 2001. A new instrument for measuring disturbed eating patterns in com-
munity populations: Development and initial validation of a five-item scale
(EDS-5). Euro. Eat. Disord. Rev. 9, 123–132.

eynolds, B., Richards, J.B., Horn, K., Karraker, K., 2004. Delay discounting

and probability discounting as related to cigarette smoking status in adults.
Behav. Process. 65, 35–42.

olnick, J.V., Kannenberg, C.H., Eckerman, D.A., Waller, M.B., 1980. An exper-
imental analysis of impulsivity and impulse control in humans. Learn. Motiv.
11, 61–77.


	Discounting of delayed hypothetical money and food: Effects of amount
	Introduction
	Materials and methods
	Participants
	Procedure
	Delay assessment

	Data analysis

	Results
	Discussion
	Acknowledgements
	References


