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Rate of temporal discounting decreases
with amount of reward

LEONARD GREEN,JOEL MYERSON, and EDWARD McFADDEN
Washington University, St. Louis, Missouri

The present, subjective value of a delayed reward is a decreasing function of the duration of the
delay. This phenomenon is termed temporal discounting. To determine whether the amount of the
reward influences the rate of temporal discounting, we had subjects choose between immediate and
delayed hypothetical rewards of different amounts ($100, $2,000, $25,000, and $100,000 delayed re
wards). As predicted by psychological models of the choice process, hyperbolic functions described
the decrease in the subjective value of the delayed reward as the time until its receipt was increased
(R2 S from .86 to .99). Moreover, hyperbolic functions consistently provided more accurate descrip
tions of the data than did exponential functions predicted by an economic model of discounted util
ity. Rate of discounting decreased in a negatively accelerated fashion as the amount of the delayed
reward increased, leveling off by approximately $25,000. These findings are interpreted in the con
text of different psychological models of choice, and implications for procedures to enhance self
control are discussed.

Temporal discounting refers to the fact that the greater
the delay to a future reward, the less its present, subjective
value. For example, most people would prefer $1,000 now
over the same amount in 6 months. This is presumably
because the subjective value of the delayed $1,000 is
less; that is, people discount its value. Although $1,000
now would obviously be preferable to $800 now, people
may discount delayed rewards to such a degree that they
might well prefer $800 now to the $1,000 in 6 months.

Temporal discounting has been used to explain the pref
erence reversal phenomenon. Although an individual may
choose $800 now to $1,000 in 6 months, the same indi
vidual might well reverse his or her preference when an
equal delay is added prior to the receipt of the amounts.
That is, were a year to be added to the delay before the re
ceipt of the amounts, the same individual might now pre
fer the $1,000 in one and a half years to the $800 in one
year. Such reversals pose problems for the standard eco
nomic model of inter temporal choice (Koopmans, 1960;
Samuelson, 1937) because they violate the stationarity
assumption ofdiscounted utility theory (Strotz, 1956; for
a review, see Loewenstein, 1992). According to this as
sumption, preference should remain invariant when the
delays to both amounts are increased or decreased equally.

The preference-reversal phenomenon is important for
an understanding of impulsivity and self-control. Impul
sivity can be defined as the choice ofa smaller, more im
mediate reward over a larger, but more delayed reward;
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self-control would be exemplified by the choice of the
larger, more delayed reward over the smaller, less de
layed reward (e.g., Green, 1982; Logue, 1988; Rachlin,
1974; Rachlin & Green, 1972). The occurrence of pref
erence reversals (in which the smaller reward is preferred
when the delays to both rewards are brief but the larger
reward is preferred when the delays to both rewards are
long) suggests that impulsivity may be a characteristic of
the choice situation as much as a characteristic of the in
dividual making the choice. That is, the same individual
who acts impulsively when the smaller reward is avail
able immediately may nevertheless show self-control
and choose the larger reward when both rewards are de
layed, even though the larger reward is more delayed
than the smaller.

The form of the function describing the change in
subjective value over time is critical in explaining the
preference-reversal phenomenon and related aspects of
self-control. Twoforms of temporal discounting functions
have been proposed, an exponential model and a hyperbolic
model (e.g.,Ainslie, 1975,1992;Loewenstein, 1992; Mazur,
1987; Samuelson, 1937), along with variations on these
forms (Green, Fry, & Myerson, 1994; Loewenstein & Pre
lee, 1992; Myerson & Green, 1995). The exponential
model posits that people make their decisions about the
value of future rewards on the basis of the assumption ofa
constant hazard rate (i.e., people assume that the probabil
ity that something will happen to prevent receipt of a re
ward does not change over time). Conceptualized in the
same terms, the hyperbolic model implies that the hazard
rate decreases over time. Thus, the two models imply al
ternative representations ofthe risks involved in waiting for
future outcomes (Green & Myerson, 1996).

The exponential function, favored by economists, is
given by the following equation:
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where V(A) is the subjective value of a future reward of
amount A, D is the delay to its receipt, and kA represents
the parameter describing the rate ofdecrease in its value.
The hyperbolic function, favored by psychologists, takes
the following form:

Fit to the same data, the hyperbola shows an initially
steeper decrease in subjective value than the exponen
tial but a more gradual decrease in value as the delay in
creases, reflecting the different risk assumptions of the
two models.

If it is assumed that the rate of temporal discounting
(indexed by the parameter kA ) is independent of the
amount of the reward, then the exponential model (Equa
tion I) leads to the prediction that the relative value of
two delayed rewards will remain the same if the delays
to both rewards are increased or decreased equally. Thus,
according to the exponential model, the preference
reversal phenomenon should not occur. In contrast,
given the same assumption (i.e., kA is independent of
amount), the hyperbolic model (Equation 2) predicts that
preference may reverse with equal changes in the delays
to both rewards (Ainslie, 1992; Mazur, 1987).

Recent findings suggest that larger rewards are dis
counted less steeply than smaller rewards (Benzion, Rap
oport, & Yagil, 1989; Myerson & Green, 1995; Raineri &
Rachlin, 1993;Thaler, 1981). However,these studies have
examined either few amounts or delays, or a narrow
range ofamounts or delays, or have compared discount
ing rates using different groups ofparticipants at the dif
ferent amounts. Ifthe amount dependency ofdiscounting
rate is confirmed, this will have important theoretical
consequences. As Green and Myerson (1993) have
shown, if the observed amount dependency is incorpo
rated into the models so that kA decreases with amount
of reward, then both models, the exponential as well as
the hyperbolic, predict the preference-reversal phenom
enon (see Green & Myerson, 1993, for a fuller discus
sion of this issue).

Given the importance of this issue, with its funda
mental implications for models of decision making, it
becomes necessary to rigorously test the hypothesis of
amount-dependent discounting suggested by previous
research. Moreover, if the decrease in discounting rate
with increased amount is validated, then the details of
the relationship between discounting rate and amount
need careful examination. Thus, an important question
becomes whether there is a point beyond which further
increases in amount have no additional effect on dis
counting rate, and if so, where that point is located. No
published data address this question.

Therefore, the present study was designed to investi
gate more fully the effect of amount of reward on tem
poral discounting. Specifically, subjects were exposed to
choices involving four different delayed amounts over a
wide range of delays in order to evaluate the relationship
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V(A) = Ae -kAD,

V(A) = A/(I + kAD).

(I)

(2)

between amount and discounting rate. In addition, al
though current psychological evidence favors a hyper
bolic model, most economic theorizing remains based on
the exponential model. Consequently, the present study
also compared the fit of the hyperbolic and exponential
models at each amount. By evaluating the exponential
and hyperbolic models at a number of delayed amounts,
the present study is intended to provide a more complete
and rigorous assessment of the two models.

METHOD

Subjects
Twenty-four Washington University undergraduate students (20

women and 4 men) between the ages of 18 and 23 years (M = 20.6
years) were paid for their voluntary participation in this study.

Procedure
The subjects were tested individually for about 50 min in a quiet

room containing a table and two chairs. The procedure, similar to
that used in Green et al. (1994), required participants to make a se
ries of choices regarding hypothetical amounts of money, one
available immediately and one available after a specified delay.
The delayed and immediate amounts were presented on 4 X 6 in.
index cards. The subjects made a series ofchoices between a fixed
amount reward (e.g., $100) that could be obtained after a delay
(e.g., 3 months) and an immediately obtainable reward that varied
in amount (e.g., from $1 to $99). For example, the subject was
given a choice between $100 in 3 months or $85 now. The subject
indicated his/her preference by pointing to one ofthe two cards (ei
ther the delayed, fixed-amount reward or the immediate reward).

The subjects were read the following instructions prior to test
ing:

The purpose of the present study is to compare your preference be
tweendifferent amounts of moneyavailableat different points in time.
In this study you will be asked to make a series of choices betweenhy
pothetical monetary alternatives. As you can see, there are two sets of
cards in front of you. The cards on your left will offer you an amount
of money to be paid right now. This amount will vary from card to
card. During this study, the amount on the cards to your right will be
either $100, $2,000, $25,000, or $100,000, but its payment will be de
layed.

Please look at the example cards at this time. It will be your job to
choose between the two cards presented and to point to the card you
would prefer. It is important to base your decision on only the two
cards presented on each trial. Do not base your decision on sets of
cards previously seen or ones you expect to see. There are no correct
or incorrect choices. Weare interested in the option you wouldprefer.

You will be given five practice trials before you begin, and I will
turn the cards for you. Youwill get plenty of practice so do not worry
if you feel that you do not understand completely at this time. During
the practice please ask me as many questions as you like because once
practice is over I can no longer answer your questions.

The seven delays used at each of the four fixed-amount rewards
(i.e., $100, $2,000, $25,000, and $100,000) were 3 months, 6
months, I year, 3 years, 5 years, 10 years, and 20 years. The
immediate-reward cards depicted 24 values ranging from I% to
99% of the delayed fixed-amount reward to which they were com
pared (e.g., when the fixed amount was $100, the immediate re
wards were $1, $2.50, $5, $7.50, $10, $15, $20, $25, $30, $35, $40,
$45, $50,$60, $65, $70,$75,$80, $85, $90,$92.50, $95, $97.50,
and $99). For each fixed amount at each delay, the immediate re
wards were presented in either ascending or descending order.
When immediate rewards were presented in ascending order, the
amount of the immediate reward judged equal in subjective value
to the delayed reward was calculated as the average of the first im
mediate amount preferred over the delayed reward and the preced-
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ing immediate amount. When immediate rewards were presented
in descending order, the amount of the immediate reward judged
equal in subjective value to the delayed reward was calculated as
the average of the last immediate amount preferred over the de
layed reward and the next immediate amount.

The orders of presentation of the immediate amount and the de
layed amounts were both counterbalanced. Half of the participants
were offered the fixed-amount, delayed rewards from $100 up to
$100,000; the other half were offered the fixed-amount rewards in
the reverse order. For the briefest delay at each fixed amount, half
of the subjects were given the immediate amounts in ascending
order and half in descending order; at the next delay for this fixed
amount, the half that had just been given the immediate amounts
in ascending order now received them in descending order, and
vice versa. This alternation continued until all seven delays had
been tested at a given fixed amount, at which point the next fixed
amount condition began and the immediate rewards were pre
sented in the opposite order to that at the last fixed amount.

RESULTS

Table 1 gives the amount of the immediate reward
judged equal in subjective value to the delayed reward,
expressed as a proportion of the amount of the delayed
reward. Data are group medians. The median was used
because the distributions of subjective equivalence points
are usually negatively skewed when delays are brief and
positively skewed when delays are long (Rachlin, Raineri,
& Cross, 1991). The skew is a consequence of the limits
imposed on subjects' choices; that is, the subjective
value of a delayed reward is less than its nominal value
and greater than zero.

Two results are apparent from Table 1. First, temporal
discounting occurred at each of the four amounts: Read
ing down the columns, one sees that the amount of the
immediate reward (expressed as a proportion of the de
layed amount) that is subjectively equivalent to the de
layed reward decreases systematically with delay for each
of the four delayed amounts. Second, the degree of dis
counting decreased as the amount of the delayed reward
increased: Reading across the rows, one sees that the
amount of the immediate reward that is subjectively
equivalent to the delayed reward (expressed as a propor
tion of the delayed amount) increases systematically
from $100 to $25,000, with no further change between
$25,000 to $100,000.

Temporal discounting functions (e.g., Equations 1 and
2) attempt to describe decreases in subjective value such

Table I
Amount ofthe Immediate Reward Judged Equal in Subjective
Value to the Delayed Reward, Expressed as a Proportion ofthe

Amount ofthe Delayed Reward

Amount

Delay $100 $2,000 $25,000 $100,000

3 months .83 .95 .97 .98
6 months .78 .91 .95 .95
1 year .68 .89 .91 .93
3 years .60 .73 .78 .73
5 years .40 .55 .68 .65
10 years .35 .38 .58 .50
20 years .20 .23 .30 .30

as one sees reading down the columns in Table 1. Fig
ure 1 shows temporal discounting functions for the four
delayed-reward amounts. For each delay, the data point
represents the group median of the immediate rewards
judged equal in value to the delayed reward. The best fit
ting exponential (Equation 1) and hyperbolic (Equa
tion 2) functions are represented by dashed and solid
curves, respectively. Also shown is the proportion of
variance accounted for (R2) by each equation. For each
of the four amounts, the proportion of variance ac
counted for by the hyperbolic was larger than that ac
counted for by the exponential function. This was be
cause, as may be seen in the figure, the exponential
typically overestimated the subjective value of the de
layed reward at briefer delays, and underestimated the
subjective value at longer delays.

For both exponential and hyperbolic functions, the
value of the discounting parameter k decreased with the
amount of the delayed reward, leveling off by approxi
mately $25,000. Focusing on the hyperbolic model, which
provided the better fit to the data, the same pattern was
also observed when the hyperbolic function was fit to
each subject's data separately (see Table 2). This may be
seen in Figure 2, which shows the k value of the hyper
bolic function fit to the median values and also the me
dian ofthe individual k values, both ofwhich decrease as
amount increases from $100 to $25,000. The pattern of
decreases in k with increases in amount for the group
median subjective values was confirmed statistically
using nonlinear regression to compare the discount pa
rameters for larger and smaller amounts [$100 vs. $2,000,
t(12) = 2.88, P < .05; $2,000 vs. $25,000, t(12) = 5.57,
P < .01; $25,000 vs. $100,000, t(12) = 1.91, n.s.].'

It may be recalled that for each combination of the
seven delays and the four delayed amounts, half of the
subjects were studied with the immediate rewards pre
sented in order of increasing amount until preference re
versed and halfwere studied with the immediate rewards
presented in order ofdecreasing amount until preference
reversed. In addition to analyzing the data by combining
the subjectively equivalent values from the ascending
and descending series, as shown in Figure 1, we also an
alyzed the data by taking the median subjectively equiv
alent values from the ascending and descending series
separately. As may be seen in Figure 3, there were no sys
tematic differences between the ascending and descend
ing series with respect to the amounts of the immediate
reward judged subjectively equivalent to the delayed re
wards. This was confirmed statistically by nonlinear re
gression,which revealedno significant differencesbetween
the discount parameters for ascending and descending
series at any of the four delayed amounts [$100, t(12) <
1.0; $2,000, t(12) < 1.0; $25,000, t(12) = 2.03; $100,000,
t(12) < 1.0].

Figure 4 presents data from 4 individual subjects (the
1st, 8th, 16th, and 24th subjects studied). For each sub
ject at each delayed amount, the subjective value of the
delayed reward at each of the seven delays is shown,
along with the best fitting hyperbolic function (Equa-
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Hgure 1. Present, subjective value of the delayed reward as a function of the time until its receipt.

Data for the four delayed amounts are shown in separate panels. Data points represent the median
amount of immediate reward judged equal in subjective value to the delayed reward. Solid and dashed
curves represent the best fitting hyperbolic and exponential discounting functions, respectively.

tion 2). Although there is some variability, the same pat
tern ofdecreases in discounting rate as amount increases
observed at the group level typically holds at the indi
vidual level as well.

DISCUSSION

The present findings demonstrate that the rate at
which the value ofa future reward is discounted depends
on the amount of the reward. More specifically, the rate
ofdiscounting decreased in a negatively accelerated fash
ion as the amount of the reward was increased from $100
to $25,000. Increasing the amount from $25,000 to
$100,000 produced no further decrease in discounting rate.
Given amount-dependent discounting, the exponential
model (like the hyperbolic model) predicts that prefer
ence between smaller, sooner rewards and larger, later
rewards will depend on the time at which a choice is
made. Thus, preference reversals in and of themselves
cannot be taken as evidence for the hyperbolic and
against the exponential model. Nevertheless, the present
results clearly show that a hyperbola provides a better
description of the relation between subjective value and

delay than does an exponential decay function across a
wide range ofamounts (from $100 to $100,000). In fact,
the hyperbolic model accounted for more than 98% of
the variance at the three largest amounts.

Data from studies using a variety of different proce
dures with real and hypothetical outcomes in human and
animal subjects converge to show that the nature of the
processes involved in decisions about immediate and de
layed rewards is well captured by a hyperbolic discount
ing model. Although the present results were obtained
asking subjects about their choices between hypotheti
cal rewards, there are good reasons to believe that choices
regarding hypothetical rewards are reflective of the pro
cesses involved in choosing between real rewards. It has
been shown that when animals choose between delayed
food rewards, preference decreases hyperbolically with
delay (Chung & Herrnstein, 1967). With humans, Kirby
and Marakovic (1995) have shown that a hyperbolic model
described discounting of small, real monetary rewards
better than an exponential model.

The present findings confirm that the rate ofdiscount
ing, as measured by the k parameter in the hyperbolic
model, decreases with the amount of a delayed reward.
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Table 2
Values of k (the Discount Rate Parameter) and R2 for Fits of the Hyperbolic Model (Equation 2)

to Individual Subjects' Data

Amount

$100 $2,000 $25,000 $100,000

Subject k R2 k R2 k R2 k R2

1 0.216 0.592 0.038 0.843 0.010 0.800 0.006 0.832
2 0.764 0.966 0.119 0.852 0.057 0.888 0.056 0.819
3 0.015 0.471 0.010 0.847 0.004 0.491 0.001 0.955
4 0.000 0.000 0.497 0.809 0.000
5 0.161 0.919 0.137 0.684 0.042 0.930 0.021 0.743
6 0.041 0.637 0.018 0.350 0.011 0.675 0.008 0.675
7 0.054 0.157 0.000 0.000 0.000
8 0.025 0.898 0.028 0.919 0.007 0.935 0.008 0.874
9 0.019 0.905 0.006 0.780 0.004 0.664 0.003 0.590

10 0.028 0.000 0.009 0.685 0.003 0.371 0.002 0.735
11 0.023 0.965 0.015 0.919 0.008 0.916 0.005 0.990
12 0.012 0.064 0.012 0.913 0.010 0.940 0.009 0.995
13 0.006 0.190 0.015 0.966 0.011 0.928 0.009 0.990
14 0.000 0.002 0.497 0.001 0.855 0.001 0.835
15 0.010 0.941 0.012 0.900 0.006 0.913 0.008 0.868
16 0.093 0.861 0.008 0.950 0.002 0.655 0.025 0.713
17 0.063 0.921 0.012 0.890 0.008 0.840 0.006 0.966
18 O.oJI 0.960 0.012 0.922 0.012 0.980 0.014 0.982
19 0.007 0.891 0.006 0.830 0.003 0.430 0.000
20 0.000 0.001 0.041 0.001 0.621 0.005 0.332
21 0.198 0.910 0.014 0.990 0.010 0.916 0.008 0.962
22 0.007 0.729 0.139 0.623 0.000 0.000
23 0.014 0.915 0.015 0.571 0.000 0.000
24 0.029 0.425 0.005 0.945 0.004 0.864 0.003 0.987

Note-Dashes indicate that the value of k is omitted because the poor fit made the parameter esti-
mate meaningless; R2of0.000 indicates that the function accounted for less ofthe variance than did
the mean.
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Although Kirby and Marakovic (1995) failed to find an
amount effect, this discrepancy is likely due to the small
range of the amounts studied ($14.75 to $28.50), as an
other study by these authors (Kirby & Marakovic, 1996),
which used a wider range ($30 to $85), did find a de
crease in discounting rate with increases in amount. In
addition, the present results demonstrate that the rate of
discounting levels off somewhere in the neighborhood of
$25,000. Raineri and Rachlin (1993) reported a decrease
in discounting rate with three delayed amounts ($100,
$10,000, and $1 million) but failed to observe such a lev
eling off. However, their results are not inconsistent with
ours. Rather, taken together with the present results, they
aid in localizing the point at which the rate of discount
ing levels off (i.e., between $10,000 and $25,000).

Various explanations have been offered to account for
the fact that rate of discounting decreases as the amount
of the delayed reward increases. For example, it has been
proposed that people maintain two different mental ac
counts for large and small amounts, analogous to a "sav
ings" account and a "windfall" account (Loewenstein &
Thaler, 1989). This metaphor may have an intuitive ap
peal. However, at least three different mental accounts
would be required to explain the three, significantly dif
ferent discounting rates that were observed in the current
study. If, as seems likely, even smaller values (e.g., under
$10) are discounted yet more steeply, then it would seem
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Figure 2. Rate of discounting (k) as a function ofthe amount ofthe
delayed reward. Both the estimates of k based on fits ofthe byperbolic
model to the group median subjective values and the median of the
estimates based on fits to the data from individual subjects are
shown.
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Figure 3. Present, subjective value ofthe delayed reward as a function ofthe time until its receipt. Data
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discounting functions fit to the median subjective values for the ascending and descending series, respec
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more parsimonious to postulate a continuous relation be
tween amount and discounting rate rather than four, or
even more, discrete mental accounts.

Another approach to the problem ofamount -dependent
discounting has been suggested by Raineri and Rachlin
(1993) as part of an effort to deal with the roles of con
sumption rate and duration in decision making. They as
sume that consumption takes time and that larger re
wards take longer to consume than smaller rewards. They
assume further that consumption rate increases with
amount in a negatively accelerated manner. For example,
a $10,000 reward might be spent at a faster rate than a
$100 reward but not 100 times faster. In the context of
their model, these assumptions give rise to an interaction
between amount and delay, such that larger rewards are
discounted at a lower rate.

Myerson and Green (1995) have suggested two possi
ble explanations for the effect of amount on discounting
rate. According to one hypothesis, noted in the introduc
tion, hyperbolic discounting occurs because decisions
are based on the implicit assumption that the likelihood

that something will happen to prevent receipt of a future
reward (i.e., the hazard rate) decreases over the waiting
period. We have termed this hypothesis the expected
value model. From the perspective of the expected-value
model, the phenomenon of amount-dependent discount
ing implies that larger rewards are associated with lower
hazard rates than smaller rewards.

Hyperbolic discounting occurs in both animals and
humans, suggesting a common evolutionary heritage, and
it may be useful to consider the expected-value model in
this context. That is, amount-dependent discounting may
represent an adaptation to differences in the risks in
volved in foraging for larger and smaller rewards. These
risks may be either ecological or cognitive (Green & My
erson, 1996). For example, for a foraging animal, the eco
logical risk associated with waiting for a larger reward
may be lower because, even if a competitor gets to it
first, it is more likely that some of the reward will be left,
whereas with a smaller reward, it is less likely that any
would remain should a competitor find it. The cognitive
risk reflects the fact that waiting for a reward involves



AMOUNT-DEPENDENT TEMPORAL DISCOUNTING 721

$100 $2,000 $25,000 $100,000

k=.025
R2

••713

k=.OO6
R2

•.832

k =.003
R2

••987

o 80 160 240

100,000 r-----,

75,000

50,000

25,000

100,000 _------:--::-::-:---,

75,000

50,000

25,000

100,000 r------,

75,000

50,000

25,000

100,000 tt_----,

75,000

50,000

25,000

•

•

k=.010
• R2

••800

k=.OO4
R2

••864

k=.002
R2

•.655

25,000 ~--,,-----,,.=--,

18,750

12,500

6,250

o 80 160 240

25,000 .------,

18,750

12,500

6,250

25,000 ~------,

18,750

12,500

6,250

25,000 c__-----,

18,750

12,500

6,250

•

k=.028
R2 ••919

k1·oo5R •.945

o 80 160 240

2,000 ..------:---::-:~-,

1,500

1,000

500

2,000...-------,

1,500

1,000

500

2,000 =------,

1,500

1,000

500

2,000 ,..----------,

1,500

1,000

500

•

•

•

k=.025
R2

•.898

k=.216
R2

••592

k=.029
R2 ••425

o 80 160 240

100 r--------:--=c=--,

75

50

25

100 ~------:--::-::-:---,

75

50

25

100 r--------:--:-:-:-----,

75

50

25

51

58

516

100 r------,

75

524 50

25

-~-w
::::>
-J

~
W
>
Jo
W
Jrn
::::>
C/)

DELAY (months)
Figure 4. Present, subjective value of the delayed reward as a function ofthe time until its receipt. Data from four individual participants at

each of the four delayed amounts are shown in separate panels. Solid curves represent the best fitting hyperbolic discounting function; the es
timated discounting rate (k) and the proportion of explained variance (R2) are given for each curve.

the possibility of forgetting when and where it may be
obtained, and large rewards may be more salient, that is,
more memorable.

According to another hypothesis, which we have termed
the repeated-choice model, individuals make an implicit
assumption regarding how often they are likely to have
an opportunity to choose between a particular pair of al
ternatives, and the discounting rate is determined by the
time between choice opportunities (Myerson & Green,
1995). Larger amounts are discounted less steeply because
individuals assume that choice opportunities involving
such amounts are rarer than choice opportunities involv
ing smaller amounts. Both models appear to be more
easily testable than metaphorical hypotheses such as sep
arate mental accounts. For example, the expected-value
model might be evaluated by manipulating risks (e.g., by
increasing salience while holding amount constant) and
the repeated-choice model might be evaluated by ex
plicitly varying the rate at which choice opportunities are
presented (see Rachlin, Logue, Gibbon, & Frankel, 1986,
for a similar approach to testing a model of choice in-

volvingrepeated gambles). Given both the accumulating
evidence for the hyperbolic form ofthe discounting func
tion and the present findings regarding the range and ro
bustness of the effect of amount on discounting, future
experiments should be aimed at distinguishing among
the several theoretical explanations for amount-dependent
hyperbolic discounting (e.g., mental accounts, consump
tion rates, expected value, and repeated choice).

Figure 5 illustrates how self-control depends on the
difference between the rates at which large and small re
wards are discounted. The heights of the bars represent
the amounts of the two rewards; the solid curves repre
sent discounting functions (i.e., subjective value as a func
tion oftime) for the large and small rewards, assuming that
both are discounted at the same rate. The solid circle rep
resents the crossover point: Before this point (i.e., at
times to the left of the solid circle), the subjective value
of the larger reward is greater than that of the smaller re
ward; after this point, the subjective value of the smaller
reward is greater. Thus, if one chooses between the two
rewards at time T I' shortly before the smaller, more im-
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Figure 5. Subjective values of two delayed rewards as a function of
the time at which the choice between them is made. The heights ofthe
bars represent the amounts of the two rewards, the solid curves rep
resent temporal discounting functions assuming that both rewards
are discounted at the same rate, and the dashed curve represents the
temporal discounting function for the larger reward assuming that it
is discounted less steeply than the smaller reward. The circles repre
sent points at which the two rewards are equivalent in subjective
value, the solid circle under the assumption of amount-independent
discounting and the open circle under the assumption of amount
dependent discounting. T I and T 2 represent two choice points dis
cussed in the text.

mediate reward could be received, the smaller reward
will be preferred (i.e., it has the greater subjective value).
However, if one chooses at time T2' so that there is a
longer interval until the smaller reward could be received,
then the larger, more delayed reward will be preferred.
The latter choice is often considered to reflect greater
self-control relative to the more "impulsive" choice ofthe
smaller, more immediate reward.

However, large and small rewards are not discounted
at the same rate, as the present results demonstrate. The
lower discounting rate associated with a larger reward is
illustrated in Figure 5 by the dashed curve, and the re
sulting crossover point is represented by the open circle.
Notice that when the discounting rate for the larger re
ward is less, the crossover point moves to the right, thus
reducing the time interval over which "impulsive" be
havior (i.e., the choice of the smaller over the larger re
ward) is observed. It follows that any manipulation that
would further decrease the discounting rate for the larger
reward would produce additional reductions in the like
lihood of "impulsive" behavior.

Understanding the determinants of discounting rate
and their role in the decision-making process is impor
tant in part because such understanding may suggest ways
to enhance self-control. That is, different models suggest
that different variables will influence choice between
long-term and short-term interests, as represented by de
layed, larger and more immediate, but smaller rewards,
respectively. For example, the expected-value model im
plies that increasing confidence in the certainty offuture
rewardswill decrease the rate at which theyare discounted,
thus increasing the likelihood that they will be chosen

over smaller, more immediate rewards. Similarly, the
repeated-choice model implies that increasing percep
tion of the rarity of choice opportunities would also en
hance self-control.

Finally, regardless of the theoretical mechanism un
derlying temporal discounting, increasing the perceived
value of the delayed reward should result in greater self
control, in the sense of extending the range of delays
over which individuals will choose the larger, delayed re
ward over a more immediate but smaller reward. How
ever, the present results show that although the rate of
discounting decreases with amount of reward, it levels
offat large amounts. This leveling off suggests that there
will be limits to the effectiveness of efforts to increase
self-control by increasing the subjective value of delayed
rewards. Consequently, the effectiveness of a variety of
approaches, including those suggested by the expected
value and repeated-choice models, needs to be explored.
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NOTE

1. To test for possible differences in discounting rates, we fit the
function

V= 1/[1 +(k+a * Ak)D],

where V is the subjective value of a delayed reward expressed as a pro
portion of its nominal amount, k is the discount parameter for the larger
amount, Ak is the difference between the discount parameters for the
larger and smaller amounts, and a is an indicator variable that equals 0
for the larger amount and I for the smaller amount. To test for the sig
nificance of a difference in discounting rate, Ak is divided by its esti
mated asymptotic standard deviation to obtain a value of t with n - p
degrees offreedom, where n is the number of data points (i.e., 14, or 7
per amount) and p is the number of parameters (i.e., 2) in the model
(Gallant, 1987).
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