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We often make choices in which one or more potential
outcomes may be delayed. If an employee receives a
Christmas bonus check for $2,000, should he or she de-
posit the money in a pension plan or spend it on a holi-
day? The long-run benefit of investing the money in the
pension plan is greater, yet the employee may still book
travel reservations, because consumption occurs in the
near term. Research on intertemporal choice attempts to
identify the factors that determine behavior allocation in
such cases; the process whereby the value of an outcome
decreases as a function of its delay is called temporal dis-
counting (Chapman, 1998). According to the normative
model for temporal discounting, the discounted utility
(DU) model, the value (V ) of a reward x received after
delay t is given by

V � v (x)δ (t), (1)

where v is a utility function and δ is a discounting func-
tion that was originally assumed to be exponential (note
that δ(0) � 1, and δ (t) → 0 as t → ° ). However, empir-
ical evidence indicates that a hyperbolic function pro-
vides a better account of the data (Ainslie, 1974; Kirby,
1997; Mazur, 1984; Myerson & Green, 1995). 

One of the most pervasive phenomena in intertempo-
ral choice is the so-called magnitude effect: The observed

rate of temporal discounting decreases as the reward
amount increases. To illustrate, someone may be indif-
ferent between receiving gifts of $400 now or $500 in
1 year, yet strongly prefer $15,000 in 1 year to $12,000
now. Although in each case the actual return for waiting
is 25%, the preferences differ depending on the absolute
reward sizes involved, which implies that the discounting
rate for $15,000 is less than that that for $500. The mag-
nitude effect is a robust finding, having been obtained
with humans making hypothetical choices about money
(Benzion, Rapoport, & Yagil, 1989; Green, Myerson, &
McFadden, 1997; Myerson & Green, 1995; Thaler, 1981),
health outcomes (Chapman, 1996), and tipping scenarios
(Chapman & Winquist, 1998). However, despite the many
similarities observed across species in research on choice
between delayed rewards (e.g., Rodriguez & Logue, 1988),
the magnitude effect may be restricted to humans. Grace
(1999) found that temporal discounting rates did not de-
pend on reward amount in an experiment with pigeons
choosing between different delays to food (see also Green,
Myerson, Holt, Slevin, & Estle, 2004; Ong & White,
2004). 

Various explanations have been offered for the magni-
tude effect. Thaler (1981) proposed that large and small
amounts are placed in separate “mental accounts,” with
small amounts targeted for immediate consumption and
large amounts reserved for savings. However, Green et al.
(1997) found that the discounting rate decreased contin-
uously as a function of reward amount, which seems im-
plausible in terms of mental accounts. An alternative 
explanation for the magnitude effect is that it reflects
characteristics of the utility function for money—namely,
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Temporal discounting rates in humans generally decrease as the amount of reward increases, a phe-
nomenon known as the magnitude effect. In the present study, we examined whether temporal dis-
counting and the magnitude effect are related to segregation of choices in terms of gains or losses for
waiting for or expediting receipt of a reward. Subjects (N � 24) responded to a series of hypothetical
choices about amounts of money available either immediately or after a delay. The immediate and de-
layed amounts either were presented as integrated amounts in the baseline condition or were segre-
gated as differential gains or losses for choosing delayed or expedited consumption (delay and speed-
up conditions, respectively). Temporal discounting rates decreased in the segregated conditions, in
accord with the standard discounted utility model but contrary to the hypothesis that the subjects were
choosing on the basis of reward differentials in the baseline condition. The size of the magnitude ef-
fect was comparable in the baseline and the delay conditions but decreased in the speed-up condition.
These results challenge explanations of the magnitude effect in terms of an increasing proportional sen-
sitivity property of the utility function (Loewenstein & Prelec, 1992) and the hypothesis that subjects
choose on the basis of differentials even when the rewards are presented as integrated amounts. 
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an increasing proportional sensitivity property (IPS;
Loewenstein & Prelec, 1992):

(2)

Equation 2 states that the ratio of values (or utilities) for
two amounts of money in constant ratio increases as the
absolute amounts increase. In the example above, the
ratio of the values of $15,000 and $12,000 is greater than
for $500 and $400; hence, the implied discounting rate
is less for the larger amounts. Chapman and Winquist
(1998) argued that evidence for the magnitude effect in
nontemporal choice scenarios, such as restaurant tips,
supported the hypothesis that the magnitude effect was
due to intrinsic properties of the utility function—namely,
IPS. Thus, IPS can reconcile the magnitude effect with
the standard DU model for intertemporal choice (Loewen-
stein & Prelec, 1992).

But does the DU model correspond to how subjects
make choices in discounting experiments? In many stud-
ies, subjects are offered a series of hypothetical choices,
and psychophysical techniques are used to determine in-
difference points—the amount of money available imme-
diately that is judged as being equivalent in value to a de-
layed reward. For example, a subject might be asked to
choose between $400 now or $500 in 1 year. According to
the DU model, the response would be determined 
by the values of the alternatives: v($400)δ(0) and v($500)
δ (1 year). Yet the subject is are free to interpret the ques-
tion in various ways. For example, he or she might view
the choice as whether or not to earn an extra $100 by wait-
ing 1 year. Conversely, he or she might regard the question
in terms of how much money must be foregone ($100) to
receive some amount immediately. In both cases, the
subject would effectively be shifting the reference points
and then deciding whether the reward differential justi-
fied delaying or expediting consumption. 

Note that the differential will increase as the absolute
reward amounts increase, with their ratio held constant.
For example, the differential is $3,000 for the choice
above between $12,000 now or $15,000 in 1 year, as
compared with $100 for a choice between $400 now and
$500 in 1 year. The magnitude effect would result if the
subject was more likely to choose on the basis of reward
differentials, rather than discounted value in accord with
the DU model, when the differential is large. This may
be called the reward differential hypothesis. Previous
studies have not varied how the immediate and delayed
amounts are presented, and so it is unknown whether this
hypothesis might account for the magnitude effect. 

The importance of reference points for intertemporal
choice was first noted by Loewenstein (1988). He found
that discounting rates increased when subjects, who were
anticipating immediate or delayed consumption of a
durable good (a VCR with a list price of $300), were
asked to name fair premiums for delaying or expediting
receipt of the VCR, respectively. The results were con-
sistent with a reference point model in which how a

question is framed can affect discounting rates, provided
that the subjects adapt to a new consumption level. Ac-
cording to his model, the subjects required a large pre-
mium to delay consumption, because they had adapted to
immediate receipt of the VCR; delaying receipt for 1 year
was experienced as an immediate loss, compensated by
a delayed gain. 

In our experiment, we manipulated how choices were
presented in a standard temporal discounting paradigm.
In the baseline condition, indifference points for rewards
of $500 and $15,000 were obtained for a range of delays.
This condition was similar to those in previous studies,
in that the monetary options were presented directly as
integrated amounts. The subjects also completed two ad-
ditional conditions, in which all questions were explicitly
posed in terms of reward differentials. Standard amounts
for these conditions were $400/$12,000 and $600/
$18,000. In the delay condition, the immediate amount
was displayed as in the baseline condition, but the de-
layed amount was presented as a differential reward for
delaying consumption. In the speed-up condition, the de-
layed amount was similar to that in the baseline condi-
tion, but the immediate amount was presented as a dif-
ferential cost for expediting consumption. 

The standard DU model predicts that temporal dis-
counting rates should be lower in the delay and speed-up
conditions, as compared with baseline, because of de-
creasing marginal utility (see Appendix A). In addition,
if the utility function is steeper for losses than for gains
(Kahneman & Tversky, 1979), the discounting rates
should be lowest overall in the speed-up condition. The
DU model with an IPS utility function predicts that the
size of the magnitude effect—defined as the ratio be-
tween the immediate-amount indifference points for the
large and the small delayed rewards—should be greater
in the delay and speed-up conditions, as compared with
the baseline condition (see Appendix B). Moreover, the
DU model with IPS predicts that the difference between
the size of the magnitude effects in the delay or speed-up
condition, relative to the baseline condition, should be
correlated with the reduction in discounting rates in
those conditions. By contrast, if subjects are choosing on
the basis of reward differentials in the baseline condi-
tion, there should be no difference in overall discounting
rates between the baseline and the delay and speed-up
conditions. The reward differential hypothesis also pre-
dicts that the size of the magnitude effect should be the
same in all the conditions. 

METHOD

Subjects
Twenty-four students were recruited from courses in the Depart-

ment of Psychology, University of Canterbury. There were 10 fe-
males and 14 males, and the average age was 24.9 years. All the
subjects received a $5 lottery ticket in return for their participation. 

Procedure
The subjects were tested in a quiet room, seated individually in

front of a computer. Instructions displayed on the screen explained
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that the experiment consisted of a series of hypothetical choices be-
tween amounts of money available either immediately or after a
delay. For each choice, there were two alternatives, shown on the left
and right sides of the screen. Preference for the left alternative was
indicated by pressing the “z” key, and that for the right alternative by
pressing the “/” key. The selected alternative was highlighted in yel-
low for 0.75 sec to provide feedback for the response. If, at any time,
an “incorrect” choice was made (i.e., the wrong key was pressed),
the subjects could press the space bar to repeat the question. 

The experiment consisted of three conditions. In each condition,
there were two standard amounts (small and large), which were
studied at six different delays (1 month, 6 months, 1 year, 3 years,
5 years, and 10 years). In the normal or baseline condition, the im-
mediate and standard amounts were displayed on the left and right
sides of the screen, respectively: For example,

You can receive $400 now OR You can wait 1 year and 
receive $500.

In the delay condition, the immediate amounts were displayed in
the same way as in the baseline condition, but the standard (i.e., de-
layed) amount was divided into two portions: the immediate amount
and the difference between the standard and the immediate amounts.
The same choice as that used in the example above would be dis-
played as 

You can receive $400 now OR You can wait 1 year and 
receive $400 plus an
extra $100.

In the speed-up condition, the standard amount was presented in
the same way as in the baseline condition, except that it was on the
left side of the screen. The immediate amount was divided into two
portions: the standard amount and the difference between the stan-
dard and the immediate amounts that the subject would have to pay
in order to receive the standard amount now. The same choice as
that in the previous examples would be presented as follows:

You can wait 1 year OR You can receive $500 now
and receive $500 if you pay $100. 

For a given standard amount and delay, a series of questions was
presented to determine an indifference point—the immediate amount
that was equal in value to the delayed amount. To estimate indiffer-
ence points efficiently, immediate amounts were changed across
successive questions according to a bisection algorithm. The algo-
rithm will be illustrated with an example from the baseline condi-
tion, with a standard amount of $500 and a 1-year delay. The first
alternative presented to the subject was $500 delayed 1 year or $500
now (i.e., the immediate amount was equal to the standard amount).
If the subject chose the immediate amount, the immediate amount
for the next question would be the midpoint of the interval defined
by the maximum and minimum potential values of the indifference
point (which were defined at the start of each baseline question se-
ries as the standard amount—i.e., $500 and $0). The second alter-
native would then be $500 delayed 1 year or $250 now. If the sub-
ject now selected the delayed amount, the immediate amount would
be increased for the next question to $375 (the midpoint of $250
and $500; the updated minimum and maximum potential indiffer-
ence points). If the subject again selected the delayed amount, for
the next choice, the immediate amount would be $438 (the mid-
point of $375 and $500). Thus, over successive questions, the im-
mediate amounts converged on an indifference point. The indiffer-
ence point for each standard amount in the baseline condition was
the immediate amount obtained after eight questions. In the delay
and speed-up conditions, indifference points were determined in a
similar fashion after seven questions, but for the first question, the
immediate amount was equal to one half the standard amount (rather
than equal to the standard amount, as in the baseline condition). 

The standard amounts were $500 and $15,000 in the baseline
condition, $400 and $12,000 in the delay condition, and $600 and
$18,000 in the speed-up condition. Different amount pairs were
used to reduce the likelihood that the subjects would repeat their
choices across conditions. A given standard amount was studied at
the six delays in increasing order, and indifference points were de-
termined for both standard amounts within a condition before the
next condition began. The order of the conditions, whether the large
or the small standard amount was presented first in each condition,
and whether $400/$12,000 were used for the delay and $600/$18,000
for the speed-up conditions (or vice versa) were all counterbalanced
across subjects. 

RESULTS

Thirty-six indifference points were obtained per subject
(six delays per standard amount � two standard amounts
per condition � three conditions). To make data compa-
rable across conditions, indifference points were normal-
ized by dividing by the standard amount prior to analysis. 

Previous research has shown that the present value of
a delayed reward can be described in terms of a general-
ized hyperbolic function, 

(3)

where PV is present value (i.e., immediate amount divided
by delayed amount), D is delay, K is a discounting rate pa-
rameter, and s is a scaling exponent (Green, Fristoe, &
Myerson, 1994; Mazur, 1984; Myerson & Green, 1995). 

Figure 1 shows the normalized indifference points for
each standard amount and condition, averaged across
subjects. Equation 3 was fit to the average data, allowing
K to vary for each condition and magnitude, but using a
single value of s. The model described the data well, ac-
counting for over 98% of the variance in each condition.
A clear magnitude effect was obtained: The discounting
rate (estimated values of K) for the large amount was less
than the rate for the smaller amount for each condition.
In addition, estimates of K were lower in the delay and
speed-up conditions than in the baseline condition, sug-
gesting that discounting rates decreased when the amounts
were segregated. The best-fitting value of s was 0.44,
consistent with prior studies that have found that s � 1
was necessary to produce a flattening of the curve at
longer delays (Myerson & Green, 1995). 

Next, Equation 3 was fit to the data from individual
subjects. Values for K were estimated separately for each
standard amount and condition, and s was either set equal
to 1 or allowed to vary. The model continued to describe
the data well; the median variance accounted for (VAC)
across subjects and conditions was .91 when s was al-
lowed to vary, and .89 with s � 1. For each subject, the
increase in VAC with s varying was tested by computing
an F ratio. The increase in VAC was significant ( p � .05)
for 12 out of 24 subjects. These results provide further
evidence that discounting data are frequently better de-
scribed by a generalized hyperbola with s � 1, as com-
pared with a simple hyperbola with s � 1. 

PV =
+

1
1( )

,
KD s
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Because the estimated K values were positively skewed,
a logarithmic transformation was performed prior to sta-
tistical analysis. In the following, we used the estimated

K values from the fits of Equation 3 with s allowed to
vary. All analyses were replicated with K values from fits
with s � 1, and the results were highly similar. 

To check the validity of the counterbalancing proce-
dure, we conducted repeated measures ANOVAs for the
delay and speed-up conditions, depending on whether the
amounts were $400/$12,000 or $600/$18,000. There were
no significant main effects or interactions involving the
counterbalanced amounts. Thus, the results were pooled
across $400/$12,000 and $600/$18,000 for the delay and
speed-up conditions for subsequent analyses. 

Log K discounting rates were entered into a repeated
measures ANOVA, with condition and amount as factors.
The average log K values for each condition and reward
amount (large/small) are shown in Figure 2. The main ef-
fect of condition was significant [F(2,46) � 8.28, p �
.001]. Planned comparisons showed that the discounting
rates in the baseline condition were greater than the aver-
ages for the delay and speed-up conditions [F(1,23) �
15.52, p � .001] and were greater in the delay than in the
speed-up condition [F(1,23) � 5.10, p � .05]. The or-
dering of discounting rates across conditions (baseline �
delay � speed-up) is consistent with the standard DU
model for intertemporal choice but is contrary to the pre-
diction of the reward differential hypothesis. The main
effect of magnitude was also signif icant [F(1,23) �
70.06, p � .001], confirming the magnitude effect: Dis-
counting rates were reduced with larger amounts. The
condition � magnitude interaction did not reach signif-
icance [F(2,46) � 0.86, n.s]. The lack of interaction is
evident in Figure 1, where the difference between the fits
of Equation 3 to the small- and large-magnitude amounts
(dashed and solid lines, respectively) appears approxi-
mately constant across the three conditions. 

We derived a measure of the size of the magnitude ef-
fect consistent with the analysis in Appendix B. First, the
PV ratio (large/small) was calculated for each delay
within a particular condition. The ratios were transformed
logarithmically to render equal ratios as equal intervals.
Finally, the log PV ratios were averaged across delays
(N � 6) to give a magnitude effect size measure (ME) for
each condition:

(4)

Average magnitude effect sizes are shown in Figure 3. A
one-way repeated measures ANOVA yielded a significant
effect of condition [F(2,46) � 3.72, p � .05]. Planned
comparisons showed that the magnitude effect was re-
duced in the speed-up condition, as compared with the
baseline and delay conditions [F(1,23) � 5.61, p � .05,
and F(1,23) � 6.34, p � .05, respectively]. However, the
magnitude effect size did not differ between the baseline
and the delay conditions. These results are contrary to the
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Figure 1. Normalized indifference points (present value) as a

function of delay for all three conditions (baseline, delay, and
speed-up), averaged across subjects. Data for the small-amount
standard rewards are shown by filled circles; data for the large-
amount standard rewards are shown by unfilled circles. The
dashed and solid lines indicate the fit of the generalized hyper-
bola (Equation 3) to the data. The best-fitting discount rate pa-
rameters for the small- (KS) and large- (KL) amount standard
data and the variance accounted for (VAC) are listed under the
legend in each panel.
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prediction of the DU model with IPS, which predicted that
the size of the magnitude effect should have increased in
the delay and speed-up conditions, relative to baseline. 

A second prediction of the standard DU model with
IPS as an explanation for the magnitude effect is that the
size of the magnitude effect in the delay and speed-up
conditions should be positively related to the reduction
in discounting rates in those conditions (see Appen-
dix B). More specifically, there should be a positive cor-
relation, within subjects, between the difference between
average log K values for the baseline condition and the
delay or speed-up condition and the size of the magni-
tude effect (as computed by Equation 4) within the delay
and speed-up conditions. For the delay condition, the
correlation was negative but not significant (r � �.21,
n.s.). The correlation for the speed-up condition was also
not significant (r � �.08, n.s.). 

DISCUSSION

Our experiment compared temporal discounting rates
for subjects choosing between hypothetical amounts of
money available immediately or after a delay. Large and
small amounts were studied over the same range of de-
lays so that we could investigate the magnitude effect—
the finding that discount rates vary inversely with reward
amount. In previous research using psychophysical pro-
cedures to estimate indifference points, the delayed and
the immediate amounts have been presented as inte-
grated totals. This was the procedure used in our baseline
condition. However, we were interested in whether seg-
regated accounting—specifically, presenting the results
in terms of differential gains or losses for delaying or ex-
pediting consumption, respectively—would affect dis-
counting rates and the magnitude effect. One potential
explanation for the magnitude effect is the reward differ-
ential hypothesis—that subjects may choose on the basis
of differential gains or losses even if the amounts are pre-

sented as integrated totals and that the likelihood of their
responding in this way increases as the differentials in-
crease. According to this view, discounting rates should
have been similar, regardless of whether integrated or
segregated rewards were presented. However, we found
that discounting rates were reduced in the delay and
speed-up conditions, as compared with the baseline con-
dition (see Figure 2). Given that discounting rates were
greater for small than for large rewards across all the
conditions, the reward differential hypothesis seems un-
tenable as an explanation for the magnitude effect. 

The reduction in discounting rates in the delay and
speed-up conditions was consistent with the predictions
of the standard DU model for intertemporal choice (Equa-
tion 1). According to the DU model, segregating rewards
should effectively make them more valuable, because of
decreasing marginal utility, leading to a reduction in dis-
counting rate (see Appendix A). With the additional as-
sumption of a steeper utility function for losses than for
gains, the DU model predicts that discounting rates should
be lower in the speed-up than in the delay condition. This
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Figure 2. Average discounting rates (log K) for all conditions and both
reward amounts (small and large). Bars indicate one standard error.

Figure 3. Average magnitude effect sizes for all conditions, de-
fined according to Equation 4. Bars indicate one standard error.
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prediction was also confirmed by our data. However, the
standard DU model is unable to account for the magni-
tude effect. 

One way to reconcile the magnitude effect with the
DU model is the assumption that the utility function is
characterized by an IPS property (Equation 2; Loewen-
stein & Prelec, 1992). The DU model with IPS makes
two predictions for our experiment: that the size of the
magnitude effect should have been greater in the delay
and speed-up conditions and that there should have been
a positive correlation between the reduction in discount
rates in the delay and speed-up conditions, as compared
with the baseline condition, and the size of the magni-
tude effect (see Appendix B). Neither prediction was
confirmed. The size of the magnitude effect was small-
est in the speed-up condition and was comparable in the
baseline and delay conditions (see Figure 3). The corre-
lations between reduction in discounting rates and mag-
nitude effect size were not significantly different from
zero. Thus, the present data pose a challenge for IPS as
an explanation of the magnitude effect within the stan-
dard DU model.

Because our subjects made different judgments when
rewards were presented as unitary amounts, as opposed
to segregated into a base amount plus a gain (for waiting)
or a cost (for immediate consumption), it appears that
people do not routinely reframe self-control choices in
this way. Our results indicate that it would often be ben-
eficial for them to do so. People desiring to exert greater
self-control in everyday life choices often discount de-
layed rewards so rapidly that a small but immediate out-
come is preferred over a larger, delayed one. Calculating
the absolute gain with delayed consumption (or the ab-
solute cost of immediate consumption) is easily possible
when investment or purchasing decisions are made, for
example, and our results indicate that doing so might in-
crease self-control by decreasing the discounting rate for
delayed outcomes. Although we are unaware of this tac-
tic’s having been exploited to enhance self-control in ap-
plied settings, there are many examples in which reward
segregation is used in marketing to influence choice.
Rather than reduce the cost, marketers often add a bonus
item to an advertised product, presumably increasing
choices of expenditure over saving. The effectiveness of
such manipulations may be related to the often-reported
difference between sensitivity to variations in relative
rate of reinforcement and that to variations in relative
magnitude of reinforcement in studies of nonhuman
choice (e.g., McLean & Blampied, 2001).

Thus, our results show that presenting choice options
in terms of segregated gain or loss differentials can affect
discounting rates and the size of the magnitude effect in
intertemporal choice scenarios. The results were con-
trary to the predictions of two potential explanations for

the magnitude effect: the reward differential hypothesis
and IPS. The standard DU model correctly predicted the
decreases in discounting rates for the delay and speed-up
conditions, and it may be that an appropriate extension
of this model will ultimately provide an adequate ac-
count of the magnitude effect for intertemporal choice. 
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APPENDIX A

In the following, we present a proof that the DU model predicts that discounting rates should be reduced
when choices are framed as gains/losses for delaying/expediting consumption (as compared with the baseline
condition, in which immediate and delayed options are presented as unitary amounts).A1

For each standard amount and delay, an indifference point (i.e., the immediate amount equal in value to the
delayed amount) is determined. Thus, for the three conditions, the following equalities must hold:

[baseline], (A1)

[delay], (A2)

[speed-up], (A3)

where xi, xiD, and xiS are the indifference points from the baseline, delay, and speed-up conditions, respectively,
and xd is the delayed amount. Consider the delay condition first. By decreasing marginal utility, v(xiD) �
v(xd � xiD) � v(xd). Therefore, v(xiD) � v(xi), so the discounting rate implied by the indifference point (xi) is
lower in the delay condition.

For the speed-up condition, the left-hand side of Equation A3 must equal the left-hand side of the baseline
equality, v(xi). As in the delay condition, decreasing marginal utility implies that xiS � xi, so the discounting
rates in the speed-up condition are reduced, as compared with baseline. If we further assume that the utility
function is steeper for losses than for gains—that is, �v(�x) � v(x)—the discounting rates will be also be
lower than those in the delay condition.

NOTE

A1. Loewenstein (1988) showed that according to the standard DU model, the difference between the price that someone
was willing to pay for a durable good (e.g., a VCR) received immediately and the price for the same good received after 1 year
should be equal to the amount required to delay or expedite consumption. The implication is that the standard DU model
predicts that the discounting rate should be the same in all three conditions of the present experiment, contrary to Appen-
dix A. However, in applying the DU model, Loewenstein assumed that utilities were based on integrated amounts and did
not apply the utility function separately to the immediate/delayed amount and the differential. Because those amounts are
displayed separately in the delay and the speed-up conditions in the present experiment, we have assumed that subjects will
value them individually and have derived predictions of the DU model accordingly. 

APPENDIX B

In the following, we present a proof that the standard DU model with IPS predicts that the size of the mag-
nitude effect should be greater in the delay and speed-up conditions than in the baseline condition. Moreover,
the size of the magnitude effect in the delay and speed-up conditions should be positively correlated with the
reduction in the discounting rate in those conditions, as compared with baseline.

Recall that the IPS property requires that the ratio of the values of two amounts increases when the amounts
are multiplied by a positive constant, α:

(B1)

Consider the baseline condition first. Indifference points are determined for xd and αxd (i.e., small and large
rewards). For xd,

(B2)

For the large reward, the indifference point for αxd will be greater than αxi by the IPS property, depending on
α and xi for a given utility function. In general,

(B3)

where m is a positive, monotonically increasing function of both α and xi. The size of the magnitude effect for the
baseline condition (MEBase) is then given by the ratio of indifference points for the large and the small rewards:

(B4)MEBase
i i

i
i=

+ ( ) = + ( )α α
α α

x m x

x
m x
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, .
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.
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v x v x x v x td iS d d( ) + −( )⎡⎣ ⎤⎦ = ( ) ( )δ
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APPENDIX B (Continued)

For the delay condition, let xiD be the indifference point for the small reward. Then, by logic similar to that
above, the size of the magnitude effect for the delay condition is given by

(B5)

But xiD � xi by decreasing marginal utility (see Appendix A), so MEDelay � MEBase. Moreover, the size of the
difference between MEDelay � MEBase depends on the difference between xiD and xi—that is, the reduction in
discounting rate between the delay and the baseline conditions. A similar argument holds for the speed-up con-
dition, because xiS � xi. Thus, the DU model with IPS predicts that the size of the magnitude effect should be
greater in the delay and speed-up conditions than in the baseline condition, and that the difference in the ef-
fect sizes should be correlated with the reduction in discounting rate.

(Manuscript received April 28, 2004;
revision accepted for publication October 5, 2004.)

MEDelay
iD iD

iD
iD=

+ ( ) = + ( )α α
α α
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