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In the years prior to 1994, there were very high rates of inflation in Poland, and the zloty depreciated
relative to the U.S. dollar. However, the new zloty, introduced in 1995, was associated with greatly de-
creased rates of inflation and provided a more stable currency. We report a series of three experiments
that take advantage of these changes to examine the effects of inflation on the subjective value of de-
layed and probabilistic rewards. Subjects were Polish citizens familiar with both zlotys and dollars. The
first two experiments, conducted in 1994, used dollars and old zlotys, and the third experiment, con-
ducted in 1996, used dollars and new zlotys. In all three experiments, the dollar and zloty rewards were
of equivalent worth, according to the then current exchange rates. In Experiment 1, subjects chose be-
tween immediate and delayed rewards and, in Experiment 2, chose between certain and probabilistic
rewards. The subjective value of a delayed reward was greater when its amount was specified in do)-
lars than when it was specified in old zlotys. In contrast, the currency in which a reward was specified
had no effect on the subjective value of probabilistic rewards. The results of these two experiments sug-
gest a selective effect of inflation on decisions involving delayed rewards. This was verified in the third
experiment, in which, using new zlotys, no differences in discounting were observed between the two
currencies with either probabilistic or delayed rewards. Importantly, in all three experiments, the dis-
counting of both delayed and probabilistic rewards was well described by the same simple mathemat-
ical model, suggesting that similar decision-making processes underlie both phenomena. However, the
present results argue against a single-process theory in which the discounting of probabilistic rewards
is derived from the discounting of delayed rewards.

Recent years have witnessed the growth and develop-
ment of a new field of research known as behavioral eco-
nomics. A defining property of behavioral economics is
the use of experimental psychological methods to exam-
ine economic issues. Both disciplines have profited, the-
oretically as well as empirically, from research in this area.
Behavioral economics provides an experimental labora-
tory in which to evaluate economic models and examine
the psychological bases for economic phenomena (e.g.,
Green & Kagel, 1987, 1990; Kagel, Battalio, & Green,
1995; Lea, Tarpy, & Webley, 1987). As behavioral eco-
nomics has developed, it has lead to the incorporation of
economic concepts into psychological theory and en-
riched our thinking about choice and decision making
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(e.g., Allison, 1983; Hursh, 1980, 1984; Rachlin, 1989;
Staddon, 1980).

To date, most behavioral economic research has exam-
ined microeconomic issues, focusing on the determinants
of behavior in individuals. In contrast, little attention has
been paid to macroeconomic issues involving economic
aggregates such as level of unemployment, national out-
put of goods and services, and rates of inflation. The pre-
sent investigation is unique in that it takes advantage of
events at the macroeconomic level, specifically differen-
tial changes in rates of inflation in two different currencies,
and examines the consequences of these macroeconomic
changes for individual choice and decision making. The
effects on individual choice and decision making, in turn,
are of interest in part because of their implications for
the behavior of economic aggregates.

Discounting of Delayed and Probabilistic Qutcomes
A fundamental psychological and microeconomic
phenomenon is the fact that individuals discount the value
of delayed and probabilistic rewards. For example, most
people would choose an immediate reward over a delayed
reward of the same amount, presumably because they
discount the value of the delayed reward. Similarly, peo-
ple would choose a certain reward over a reward of the
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same amount whose receipt is uncertain, presumably be-
cause they discount the value of the uncertain reward.

Previous research on temporal discounting (i.e., the
decrease in the present, subjective value of a reward as the
delay until its receipt increases) has shown that choices
are well described by a hyperbola-like function:

Vv = A/(1+kD)s, (1)

where ¥ is the present subjective value of a reward of
amount A to be received after a delay, D (Green, Fry, &
Myerson, 1994). The parameter & reflects the rate at which
subjective value decreases, and the parameter s reflects the
nonlinear scaling of amount and/or time. When s equals
1.0, Equation 1 is the simple hyperbola that has been used
to describe temporal discounting by both animal and
human subjects deciding between hypothetical or actual
rewards (e.g., Kirby, 1996; Kirby & Marakovi¢, 1995;
Mazur, 1987; Rachlin, Raineri, & Cross, 1991; Rodriguez
& Logue, 1988). However, compared with the simple
hyperbola, Equation 1 is more general and better de-
scribes discounting by individuals (Myerson & Green,
1995).

Discounting of probabilistic rewards involves choices
between outcomes that differ in certainty but in which
rewards, if received at all, are received immediately. Rach-
lin et al. (1991) showed that the discounting of proba-
bilistic rewards (i.e., the decrease in the subjective value
of a reward as the odds against its receipt increase) is de-
scribed by an equation of similar form:

V=4/(1+hO), @)

where O represents the odds against receipt of a reward
[i.e., ® = (1 — p)/p, where p is the probability of re-
ceipt] and 4 is a parameter (analogous to & in Equation 1)
that reflects the rate of decrease in subjective value. Equa-
tion 2 may be made formally equivalent to Equation 1 by
raising the denominator to a power, s:

V= A/(1 + hO)s. 3)

Equation 3 has not been evaluated previously. One goal
of the present research was to evaluate Equation 3 in
order to determine whether a function of the same form
as Equation 1, the temporal discounting function, could
accurately describe the discounting of probabilistic re-
wards. This question is important in part because of its
implications for theories that assume that similar or even
identical processes are involved in decisions regarding
delayed and probabilistic rewards. For example, Rachlin
and his colleagues (Rachlin, Logue, Gibbon, & Frankel,
1986; Rachlin et al., 1991) have proposed a single-process
discounting model that explains the discounting of prob-
abilistic rewards in terms of an underlying temporal dis-
counting process. Myerson and Green (1995; Green &
Myerson, 1996) have also proposed a single-process ac-
count, but have suggested that discounting of probabilis-
tic rewards might underlie temporal discounting. In ad-
dition, Prelec and Loewenstein (1991) have suggested that
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decision making regarding rewards was similar to other
psychophysical judgments and that, because of this sim-
ilarity, similar functions described the discounting of
both delayed and probabilistic rewards.

Although they differ in specifics, all of these theorists
postulate a fundamental similarity between the discount-
ing of both delayed and probabilistic rewards and predict
that the same form of mathematical function will de-
scribe both phenomena. Discounting of delayed rewards
is best described by a function of the form of Equation 1
(Green et al., 1994; Myerson & Green, 1995), but it is
unknown whether a function of the same form (i.e., Equa-
tion 3) also describes discounting of probabilistic re-
wards. Although it was clear that the discounting func-
tions were qualitatively similar in both cases, one goal of
the present study was to determine whether they were
truly isomorphic.

Inflation and Discounting

One might think that inflation could completely ac-
count for the discounting of delayed rewards. After all,
people may value delayed rewards less than rewards of
the same amount received sooner because inflation would
reduce the relative purchasing power of the more delayed
rewards. However, animals show temporal discounting
of food rewards (e.g., Green, Fisher, Perlow, & Sherman,
1981; Mazur, 1987), and the rate at which people in the
U.S. discount future rewards greatly exceeds what would
be predicted from actual inflation rates (e.g., Hausman,
1979; Thaler, 1981). Therefore, inflation clearly is not a
sufficient explanation for all discounting of delayed re-
wards. However, expectations regarding future inflation
might still explain some cases of discounting by humans
or play arole in modulating the degree to which they dis-
count the value of delayed rewards.

The hypothesis that inflation modulates discounting is
difficult to test because researchers cannot experimen-
tally manipulate inflation. In spite of this constraint,
macroeconomic events may afford opportunities for quasi-
experiments. For many years, the rate of inflation in Poland
in terms of the buying power of zlotys was so high that
many people kept their savings in dollars. For example,
between 1989 and 1993, the rate of inflation (as measured
by annual percent change in consumer prices) averaged
over 100% (International Monetary Fund, 1996). Impor-
tantly, there were special stores (called Pewex stores)
where the goods were priced in dollars and couid not be
purchased with zlotys; as a result, many people in Poland
are used to trading in both currencies and are familiar with
their different rates of depreciation. Thus, the influence of
inflation may be revealed by comparing the way in which
they discount dollar and zloty rewards and by comparing
observed discounting with the decrease in purchasing
power predicted by actual rates of inflation.

The hypothesized modulatory effect of inflation on dis-
counting may be specific to decisions involving future
rewards. That is, inflation may decrease the purchasing
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power of delayed rewards relative to immediate rewards,
but not differentially affect the purchasing power of cer-
tain and probabilistic rewards. If so, one would expect
that, because of the differential rates of inflation in dollars
and zlotys, zloty rewards would be discounted more
steeply than dollars when rewards were delayed but that
zloty and dollar rewards would be discounted at equiva-
lent rates when rewards were uncertain. Such selective
modulation would be contrary to the predictions of single-
process theories of discounting, at least as currently pro-
posed. After all, if both probability of reward and delay to
reward are converted to the same metric, be it one based
on risk (Myerson & Green, 1995) or one based on delay
(Rachlin et al., 1991), then whatever effects of inflation
are observed with probabilistic rewards should also be ob-
served with delayed rewards (and vice versa).

Accordingly, the present study tested whether infla-
tion influenced the discounting of monetary rewards and
whether this influence was general (affecting both delayed
and probabilistic rewards) or was specific to delayed re-
wards. In Experiments 1 and 2 the discounting of zloty
and dollar rewards at a time (1994) immediately following
a period when these two currencies differed markedly in
inflation rates was compared. In Experiment 3, conducted
in 1996, a year after a new Polish currency was intro-
duced, the effect of currency differences when the differ-
ences in inflation rates were much lower was examined.
Furthermore, the present study provided the opportunity
to compare the observed discounting of delayed rewards
with that predicted on the basis of actual inflation rates.
Such a comparison should help in distinguishing a mod-
ulatory effect of inflation from discounting that corre-
sponds to realistic expectations as to future inflation rates.
Finally, taken together, the three experiments also afforded
the opportunity to assess whether the functions that de-
scribed discounting of delayed and probabilistic rewards
had the same mathematical form, as predicted by theories
that assume that either the same or at Jeast similar pro-
cesses underlie discounting in both cases.

EXPERIMENT 1

In the first experiment, we examined whether the tem-
poral discounting of rewards was affected by the currency
in which the rewards were specified. This experiment
was conducted in 1994, prior to the Polish monetary re-
form, and amounts were specified in the old zlotys (Z1)
and in U.S. dollars ($). For each currency, two delayed re-
ward amounts were studied. These amounts were selected
so that both the two small rewards ($100 and 2 million Z1)
and the two large rewards ($1,000 and 20 million Z1) were
equivalent in worth according to the exchange rate at the
time of the experiment. All previous studies that had ex-
amined the form of the relation between delay and the sub-
jective value of monetary rewards had used amounts spec-
ified in dollars; the present experiment was the first to
directly compare discounting in two different currencies.

Method

Subjects. Twenty-five students at the University of Warsaw partici-
pated.

Procedure. The procedure was a computerized version of that used
in Rachlin et al, (1991) and Green et al. {1994). Subjects made a series
of choices between hypothetical amounts of money, one available after
a delay and one available immediately (e.g., between “$100 in one year”
and “$10 now”). The amount of the delayed reward was displayed on the
right side of the monitor screen together with information about how
long the delay would be (e.g., “$100 in one year™); the amount of the im-
mediate reward (e.g., “$10 now™) was displayed on the left side of the
screen. Subjects indicated their choices by pressing one of two keys on
the computer keyboard: either “1” for the immediate amount or “0” for
the delayed amount.

The amounts of the delayed rewards were 100 and 1,000 U.S. dollars
and 2 million and 20 million Polish zlotys. Each of these four amounts
was presented at each of seven delays: 3 months, 6 months, 1 year, 3 years,
5 years, 10 years, and 20 years. There were 25 immediate amounts rang-
ing from 1% to 99% of the delayed amount. At each delayed amount,
immediate reward amounts were presented in both ascending and
descending order. When the order was ascending, the immediate reward
was increased until the subject indicated that the immediate reward was
preferred to the delayed reward; when the order was descending, the im-
mediate reward was decreased until the delayed reward was preferred.

This procedure was followed at each of the seven delays for all four
delayed amounts. For half of the subjects, the order of the delayed
amounts was 2 million ZI, 20 million ZI, $100, and $1,000. For the other
half of the subjects, the reverse order was followed. The order of de-
layed amounts was crossed with the order of the immediate amounts;
half of the subjects were studied with ascending amounts preceding de-
scending amounts; the other haif were studied with descending preced-
ing ascending. The delays were always studied in increasing order (i.¢.,
3 months to 20 years). For each delayed amount at each delay, the sub-
jectively equivalent immediate amount was calculated for each subject
as the average of the amount at which preference switched from the de-
layed to the immediate reward on the ascending series and from the im-
mediate to the delayed reward on the descending series.

Results and Discussion

Figure 1 shows 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. The subjective value of the delayed reward de-
creased systematically as a function of delay for both
amounts in each currency. The curved lines represent
Equation 1 fit to data from a delayed dollar reward and the
corresponding delayed zloty reward, simultaneously using
a single exponent (s) but a separate discounting param-
eter (k) for each currency in order to compare the discount-
ing rates for rewards specified in dollars and zlotys.!

The upper left panel of Figure 1 shows the group me-
dian data and best-fitting function for the smaller amounts
in the two currencies (i.e., $100 and 2 million Z1); the
upper right panel shows the data and best-fitting function
for the larger amounts (i.e., $1,000 and 20 million Z1).
Equation 1 accounted for 96.2% of the variance in the
data for the smaller delayed amounts and 95.9% of the
variance for the larger amounts. These results are con-
sistent with previous reports that temporal discounting
is well described by a hyperbola-like function.

Simple 7 tests with n — p degrees of freedom, where n
is the number of data points and p is the number of esti-
mated parameters (Gallant, 1987), were used to assess
whether the exponent s in Equation 1 differed significantly
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Figure 1. Subjective value of a reward as a function of the delay until its receipt. Data
are the amount of immediate reward equal in subjective value to the delayed reward
(Experiment 1). The subjective value of a reward is represented as a proportion of its
nominal amount. Curves represent the best-fitting hyperbola-like discounting func-
tions (Equation 1). Top panels show group medians, and bottom panels show data

from representative individuals.

from 1.0, the value predicted under the null hypothesis.
The ¢ value was calculated as the ratio of 1.0 minus the
estimate of s to the standard error of the estimate. The
exponent was reliably less than 1.0 for both the small
(s = 0.52) and large (s = 0.67) reward amounts [#(11) =
6.39 and 2.27, respectively, both ps < .05]. This result is
consistent with our recent finding that raising the de-
nominator of the discounting function to a power less
than 1.0 provides a more accurate description than that
provided by a simple hyperbola (Green et al. 1994; My-
erson & Green, 1995).

Equation 1 was also fit to the data from each individ-
ual subject separately. Data and best-fitting functions for
the subjects with the median R2s for the smaller and larger
amounts are presented in the two bottom panels. For these
two subjects, Equation 1 accounted for 95.5% and 92.2%
of the variance, respectively.

The results shown in Figure 1 are consistent with the
hypothesis that delayed rewards in Polish zlotys are dis-
counted more steeply than delayed rewards in U.S. dol-
lars. The statistical procedure used to evaluate whether

the rates of discounting differed between the two cur-
rencies was similar to that used to evaluate the exponent
parameter. That is, evaluation was based on the value of
t (with n — p degrees of freedom) calculated as the esti-
mate of the difference between the two k parameters di-
vided by the standard error of the estimate. For the smaller
amounts ($100 and 2 million Zl), the discounting pa-
rameter (k) was 0.165 for the dollar reward and 0.928 for
the zloty reward [¢(11) = 2.41, p < .05]. For the larger
amounts ($1,000 and 20 million Zl), k was 0.052 for the
dollar reward and 0.116 for the zloty reward. Again, the
zloty rewards were discounted more steeply, as indicated
by a significantly larger k parameter [#(11) = 2.04, p <
.05]. These group results reflect the individual data: On
average, 72% of the subjects discounted the zloty rewards
more steeply than the corresponding dollar rewards.
Thus, for both the smaller and larger pairs of amounts
in the two currencies, rewards of equivalent worth accord-
ing to current exchange rates were not judged to be of
equivalent subjective value. Rather, the subjective value
of zloty rewards was discounted more steeply, so much
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so, in fact, that the subjective value of a zloty reward was
less than that of the comparable dollar reward even when
the delay to their receipt was as brief as 3 months.

Finally, these results replicated and extended our pre-
vious finding that the rate of temporal discounting varies
inversely with amount (Green et al., 1994; Green, Myer-
son, & McFadden, 1997; Myerson & Green, 1995). When
Equation 1 was fit to data from the smaller and larger re-
wards in the same currency, using a single exponent but
a separate discounting parameter for each amount, the £
parameter was, as expected, significantly larger (indi-
cating steeper discounting) for the smaller amount in
both cases [#(11) = 2.28 and 2.05 for the dollar and zloty
rewards, respectively, both ps < .05].

Is it possible that the observed discounting can be com-
pletely explained in terms of inflation’s effect on the value
of delayed rewards? To answer this question, one can
compare the present results with what would be predicted
on the basis of actual inflation rates. Taking inflation’s
effect on purchasing power into account leads to an ex-
ponential decrease in actual value over time. The upper
curve (long dashes) in Figure 2 shows the predicted de-
cline in value based on the inflation rate for the zloty in
the immediately preceding year (35.3% according to the
Central Bureau for Statistics in Poland). Because infla-
tion had been even higher in previous years and subjects
might have used an average over some unknown number
of years, the best-fitting exponential function is also
shown (see the lower curve, short dashes). It can be seen
that neither curve provides a good fit to the data.

It can also be seen that discounting based purely on in-
flation, regardless of the assumed rate, always predicts
that large and small amounts will show equivalent pro-

1.0
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Figure 2. Effect of inflation on the predicted value of delayed
zloty rewards. The two curves show decreases in actual value pre-
dicted by inflation on the basis of the rate observed in 1993
(upper curve, long dashes), the year prior to the experiment, and
at the rate estimated by the best-fitting exponential function
(lower curve, short dashes). The data points are taken from Fig-
ure 1 and represent the subjects’ estimates of the subjective value
of 2- and 20-million zloty rewards. Only delays out to 5 years are
shown, since the curves approach zero at long delays.

portional decreases in subjective value. Since the smaller
amount was discounted more steeply than the larger
amount in both currencies, this prediction is clearly not
consistent with the data. Thus, although subjects’ expe-
rience with inflation may have influenced their decision
making, they were clearly doing more in the present ex-
periment than simply estimating inflation’s effect on fu-
ture value.

EXPERIMENT 2

Experiment 1 showed that the rate at which delayed re-
wards were discounted differed depending on the cur-
rency, and that the same hyperbola-like function (Equa-
tion 1) described temporal discounting in both currencies.
Experiment 2 (which, like Experiment 1, was conducted
in 1994) tested whether the currency in which amounts
are specified also leads to differences in the rate at which
probabilistic rewards are discounted. The larger issue here
was whether differences in discounting between curren-
cies were specific to decisions involving time and future
rewards or whether they were general and occurred with
other kinds of decisions involving monetary rewards as
well. In addition, Experiment 2 examined whether the
discounting of probabilistic rewards in both currencies was
well described by a hyperbola-like function (Equation 3)
isomorphic to that which describes temporal discounting.

Method

Subjects. Twenty-one students at the University of Warsaw partici-
pated as subjects.

Procedure. The procedure was similar to that in Experiment 1 except
that the subjects chose between certain and probabilistic rewards (e.g.,
a “10% chance of getting $100™ and “$50 for sure”). As in Experi-
ment 1, the U.S. dollar amounts were 100 and 1,000. However, due to a
change in the exchange rate, the amounts of the rewards in zlotys cor-
responding to the $100 and $1,000 rewards were 2.5 and 25 million Pol-
ish zlotys. Each of these amounts was presented at each of seven prob-
abilities: 5%, 10%, 30%, 50%, 70%, 90%, and 95% likelihood. There
were 25 certain rewards ranging from 1% to 99% of the probabilistic
amount. The order of presentation of conditions was counterbalanced in
a manner analogous to that in Experiment 1.

Results and Discussion

Although choices were presented in terms of proba-
bility (or percent likelihood), for purposes of analysis
using Equation 3, the probability of a reward was con-
verted to the odds against its receipt. As can be seen in
Figure 3, subjective value decreased systematically as a
function of the odds against receipt of a probabilistic re-
ward for both amounts in each currency. The curved
lines represent Equation 3 fit to data from dollar rewards
and the corresponding zloty reward, simultaneously
using a single exponent parameter but separate dis-
counting parameters (i.e., one value of 4 was estimated
for each currency) so that the discounting rates in the two
currencies could be compared.

The upper left panel of Figure 3 shows group median
data and best-fitting functions for the smaller amounts
($100 and 2.5 million Z1); the upper right panel shows
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Figure 3. Subjective value of a reward as a function of the odds against its receipt.
Data are the amount of certain reward equal in subjective value to the probabilistic
reward (Experiment 2). The subjective value of a reward is represented as a propor-
tion of its nominal amount. Curves represent the best-fitting hyperbola-like dis-
counting functions (Equation 3). Top panels show group medians, and bottom panels
show data from representative individuals.

the group data and best-fitting function for the larger
amounts ($1,000 and 25 million ZI). A hyperbola-like
function (Equation 3) accounted for 95.6% of the vari-
ance for the smaller amounts and 97.1% of the variance
for the larger amounts. Equation 3 also described the data
from individual subjects. Data and best-fitting functions
for subjects with the median R2s for the smaller and larger
amounts are presented in the two bottom panels. For these
two subjects, Equation 3 accounted for 91.5% and 95.7%
of the variance.

The exponent in Equation 3 fit to the group data was
significantly less than 1.0 for both the small (s = 0.33)
and large (s = 0.40) reward amounts [7s(11) = 17.60 and
14.48, respectively, both ps < .001]. This parallels the
finding for the discounting of delayed rewards, where the
exponent in Equation 1 was also significantly less than 1.0.
These results are consistent with the view that the dis-
counting functions for both delayed and probabilistic re-
wards are isomorphic (Rachlin et al., 1991). It should be
noted that these results represent the first demonstration of
the utility of incorporating an exponent in the hyperbola-
like function describing the discounting of probabilistic
rewards.

A major goal of Experiment 2 was to determine whether
inflation produced specific or general effects. That is, the
question was whether or not the steeper discounting of
the more highly inflated Polish currency observed with
delayed rewards would also be observed with probabilis-
tic rewards. As can be seen in Figure 3, the discounting
functions for comparable dollar and zloty rewards are
quite similar. When Equation 3 was fit to the group me-
dian data shown in the upper panels, the values of the
discounting parameters, 4, did not differ significantly
between the two currencies. For the $100 and 2.5 mil-
lion ZI rewards, the amount specified in zlotys was dis-
counted more steeply, but not significantly so [#s = 4.74
and 29.59, respectively; ¢#(11) = 1.88]. For the $1,000
and 25 million ZI rewards, the discounting rates were
almost identical [As = 18.12 and 17.77, respectively;
t(11) < 1.0]. These results stand in contrast to those of
Experiment 1, where both large and small delayed re-
wards were discounted at significantly greater rates in
the more rapidly depreciating Polish currency (compare
Figure 3 with Figure 1).

Interestingly, there was no evidence of an amount ef-
fect of the kind seen with temporal discounting. Rather
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than smaller amounts being discounted more steeply, the
discounting rate in the present experiment was equiva-
lent to or even less steep for the smaller amounts. For the
zloty rewards, the discounting parameter, 4, did not dif-
fer significantly between larger and smaller amounts
[¢(11) < 1.0]. For the dollar rewards, the larger amount
was actually discounted more steeply than the smaller
amount {#(11) = 3.15, p<.01].

EXPERIMENT 3

The results of Experiments 1 and 2 suggest that the ef-
fects of inflation on monetary decision making are spe-
cific to decisions involving future rewards. Future rewards
specified in zlotys were discounted more steeply than fu-
ture dollar rewards, but there was no difference in the dis-
counting rates for probabilistic dollar and zloty rewards.
Although inflation does not provide a complete explana-
tion for the discounting of delayed rewards, the difference
in the inflation rates in the two currencies appears to pro-
vide a possible explanation for the difference in the dis-
counting of delayed zloty and dollar rewards and suggests
that inflation modulates the rate of temporal discounting,
The similarity in the rate at which probabilistic dollar
and zloty rewards were discounted is consistent with this
interpretation. Discounting of probabilistic rewards in-
volves choices between outcomes that differ in certainty
but in which rewards, if received at all, are received im-
mediately. Because choices between certain and proba-
bilistic rewards do not involve time, they were not affected
by expectations concerning inflation rates.

A further test of this hypothesis was suggested by the
introduction of the new zloty in 1995. In the years pre-
ceding 1994, there had been very high rates of inflation
in Poland, averaging over 100% between 1989 and 1993
(International Monetary Fund, 1996), and the zloty de-
preciated relative to the U.S. dollar. However, the new
zloty was introduced during a period of decreased infla-
tion, and the inflation rate at the time of Experiment 3 was
the lowest in Poland in 8 years. This provided the oppor-
tunity to compare discounting of dollars with discounting
of the new zlotys. If inflation was really the cause of the
difference in the rate at which delayed rewards specified
in dollars and old zlotys were discounted in Experiment 1,
then, given the decreased rate of inflation in Poland in
the 2 years preceding 1996 when Experiment 3 was con-
ducted, the rates of temporal discounting should be more
stmilar in the Polish and U.S. currencies. In addition, the
introduction of new zlotys should have no effect on the
discounting of probabilistic rewards, and equivalent dis-
counting rates should be observed for probabilistic re-
wards in the two currencies.

Method

Subjects. Twenty-five students at the University of Warsaw (Poland)
participated as subjects.

Procedure. The procedure was similar to that in Experiments 1 and
2 except that subjects chose both between immediate and delayed re-

wards and between certain and probabilistic rewards. Only one amount
in each currency was used. These amounts were selected so that both the
dollar and new zloty rewards were equivalent in worth according to the
exchange rate at the time. In new Polish zlotys, the amount of the de-
layed and probabilistic rewards was 750; in U.S. dollars, the correspond-
ing amount was 300. Both of these amounts were presented at each of
six delays (1 month, 6 months, 1 year, 3 years, 5 years, and 10 years) and
at each of six probabilities (5%, 10%, 40%, 70%, 90%, and 95% likeli-
hoods). There were 24 immediate or certain rewards, ranging from 1%
to 99% of the delayed or probabilistic amount. Each subject participated
in all four conditions (discounting of both delayed and probabilistic re-
wards, each specified in both dollars and new zlotys). The order of pre-
sentation of conditions was counterbalanced.

Results and Discussion

Figure 4 depicts the effects on the subjective value of
increases in time until receipt of a delayed reward (left
panels) and increases in the odds against receipt of a prob-
abilistic reward (right panels). The curved lines repre-
sent the appropriate discounting functions (Equation 1
for delayed rewards and Equation 3 for probabilistic re-
wards) fit to data from the dollar reward and the corre-
sponding new zloty reward simultaneously using a single
exponent parameter but separate discounting parameters
so that the discounting rates in the two currencies could
be compared.

The top left panel of Figure 4 shows group median
data‘and best-fitting functions for discounting of the de-
layed $300 and 750 new zloty amounts. Equation 1 ac-
counted for 95.7% of the variance. The exponent was
significantly less than 1.0 [s = 0.60; #(9) = 3.42, p <.05].
In contrast to the results of Experiment 1, there was no dif-
ference between Polish and American currencies in rate of
temporal discounting [ks = 0.181 and 0.216; #(9) < 1].

The top right panel of Figure 4 shows group median
data and best-fitting functions for discounting of the prob-
abilistic $300 and 750 new zloty amounts. Equation 3
accounted for 95.9% of the variance. The exponent was
significantly less than 1.0 [s = 0.47; #(9) = 6.93, p<.01].
As with temporal discounting, there was no difference
between Polish and American currencies in discounting
rates [hs = 20.24 and 19.44; 1(9) < 1].

The bottom four panels show the data and best-fitting
discounting functions for 2 subjects (S9 and S24) whose
RZs for discounting the delayed and probabilistic rewards
were both close to the median values for fits of Equations
1 and 3, respectively, to individual data. As can be seen,
Equations 1 and 3 provide good fits to the individual data
(for delayed rewards, the R2s were.838 and.854; for
probabilistic rewards, the R2s were.875 and.889) and there
was very little difference between discounting of dollar
and new zloty rewards. At both the group and individual
level, these results replicate those of Experiments | and 2
in showing that the same form of mathematical function
can describe the discounting of both delayed and proba-
bilistic rewards.

The primary purpose of Experiment 3 was to verify that
the difference in temporal discounting of dollar and zloty
rewards observed in Experiment 1 was due to differences
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Figure 4. Subjective value of a reward as a function of the delay until its receipt (left
panels) and the odds against its receipt (right panels). Data are from Experiment 3.
Curves in the left and right panels represent the functions that best described the dis-
counting of the delayed (Equation 1) and probabilistic (Equation 3) rewards, respec-
tively. The top two panels show group medians; the bottom four panels show data from

representative individuals.

in inflation and not to other differences between the two
currencies. That is, if the highly inflated Polish currency
around the time of Experiment 1 was the reason for the
steeper temporal discounting of zloty rewards, steeper dis-
counting would not be expected in Experiment 3, which
was conducted during a period when the differences in
inflation between the new Polish currency and the Amer-
ican currency were greatly reduced. Consistent with the
hypothesis that the steeper temporal discounting of zloty
rewards was tied to inflation rates, no differences in dis-

counting were observed between the two currencies in
Experiment 3.

GENERAL DISCUSSION

Taken together, the present results suggest that inflation has a specific
effect on monetary decisions involving future rewards, and does not ap-
pear to affect decisions about probabilistic rewards involving immedi-
ate monetary outcomes. In the first experiment, conducted during a pe-
riod preceded by high rates of inflation in Poland, future rewards
specified in zlotys were discounted more steeply than future dollar re-
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wards. In contrast, the second experiment, conducted during the same
period, showed no difference in the discounting rates for probabilistic
dollar and zloty rewards. We assume that the difference in temporal dis-
counting of zloty and dollar rewards was due to people’s experience
with inflation rates for the two currencies. Consistent with this inter-
pretation, there was no difference in rates of discounting future zloty
and dollar rewards in the third experiment, conducted during a period
of lower inflation following introduction of the new zloty. The similar
rates of discounting probabilistic rewards in the two currencies ob-
served in Experiment 2 and again in Experiment 3 are also consistent
with this interpretation. Such discounting involves choices between out-
comes that differ in certainty but in which rewards, if received at all, are
received immediately. Because probabilistic choices do not involve
time, they were not affected by expectations concerning inflation rates.

Although it appears that people take inflation into account when
making decisions about future rewards, this is not to say that they are
actually making rational calculations on the basis of estimated inflation
rates. The evidence against such mental calculations is clear. In the pres-
ent study, as in previous experiments (Green, Myerson, & McFadden,
1997; Kirby & Marakovié, 1996; Myerson & Green, 1995; Raineri &
Rachlin, 1993), subjects discounted larger delayed amounts less steeply
than they did smaller delayed amounts. In contrast, inflation affects all
amounts equivalently and leads to equal proportional decreases in value.
Moreover, inflation predicts an exponential decrease, and numerous
studies have shown that the discounting function is not exponential in
form (Green, Myerson, & McFadden, 1997; Kirby, 1996; Kirby &
Marakovié, 1995; Myerson & Green, 1995; Rachlin et al., 1991).

Thus, the subjective value of future rewards differs from that ex-
pected on the basis of a rational model of inflation-sensitive decision
making. Although inconsistent with such a model, the present results do
demonstrate that people’s choices regarding delayed and probabilistic
monetary rewards are modulated by their experience with inflation in
specific and roughly appropriate ways. That is, experience with infla-
tion affects decisions regarding future rewards in direct relation to past
currency-specific inflation rates and does not affect decisions regarding
probabilistic, immediate rewards.

Importantly, the present analyses represent the first application of
Equation 3 to the discounting of probabilistic rewards. Equation 3 pro-
vided accurate descriptions of the discounting of probabilistic rewards
in both Experiment 2 and Experiment 3 at both the individual and group
levels. Previous research has shown that a function of identical mathe-
matical form (Equation 1) also accurately describes temporal discount-
ing at both the individual and group levels (Green et al., 1994; Myerson
& Green, 1995), and this finding was replicated in Experiment 1. The
present results extend the generality of the hyperbola-like discounting
function in two ways: first, by showing that such a function describes
the discounting of both delayed and probabilistic rewards, and second,
by showing that such a function describes both kinds of discounting in
different currencies.

Thus, it appears that similar mathematical models can account for the
discounting of both delayed and probabilistic rewards, suggesting that
similar decision-making processes may be involved in both kinds of dis-
counting. In fact, Rachlin and his colleagues (Rachlin et al., 1986;
Rachiin et al., 1991) have proposed a single-process discounting model
that explains discounting of probabilistic rewards in terms of an under-
lying temporal discounting process. They suggest that people evaluate
probabilistic rewards in terms of the number of times, on average, one
would have to gamble before winning. Because of the time that must
elapse between gambles, the subjective value of a probabilistic reward
decreases along with its probability due to the concomitant increase in
the expected delay until its receipt. Myerson and Green (1995; Green &
Myerson, 1996) have also proposed that a single process may suffice to
explain both kinds of discounting, but suggest that the single process is
that underlying the discounting of probabilistic rewards. They suggest
that people (and nonhuman animals) evaluate a future reward in terms
of the risk that they will not actually receive it or will receive only part
of it. Thus, the subjective value of both delayed and probabilistic re-
wards reflects a risk-assessment process. Although they differ in specifics,

both models postulate a fundamental similarity between the discount-
ing of delayed rewards and the discounting of probabilistic rewards.

However, the fact that the same form of mathematical function (Equa-
tions 1 and 3) accurately describes changes in the subjective value of
monetary rewards as delay or probability is varied by no means forces
the acceptance of a single-process model. The present finding that in-
flation affects the discounting of delayed but not of probabilistic re-
wards poses problems for a simple single-process account, as does the
finding that the two kinds of discounting are affected differently by vari-
ations in reward amounts. In the first experiment on temporal discount-
ing, smaller amounts were discounted more steeply than larger amounts,
whereas in the second experiment, the discounting rate was equivalent
to or even less steep for the smaller amounts. Moreover, we have re-
cently obtained further evidence that amount of monetary reward influ-
ences the discounting of delayed and probabilistic rewards in opposite
ways in the same individuals (Green, Myerson, & Ostaszewski, 1997).

The present findings show that inflation does not have a general ef-
fect on all aspects of decision making regarding rewards in a particular
currency. Rather, the effects of inflation appear to be specific to certain
kinds of decisions. Inflation influences decisions regarding future re-
wards, whereas decisions regarding probabilistic, immediate rewards
are unaffected. Importantly, choices involving delayed and probabilis-
tic rewards were both describable by a single mathematical model, sug-
gesting that a unified account of both kinds of decision making was
possible. Such an account must take into consideration the fact that in-
flation affects the discounting of delayed but not of probabilistic re-
wards, as well as the fact that amount may influence the discounting of
delayed and probabilistic rewards in opposite ways. In spite of these dif-
ferences, the fact that both forms of discounting have the same mathe-
matical signature (i.e., Equations 1 and 3 are isomorphic) suggests that
fundamentally similar, although not identical, processes are involved in
decision making regarding delayed and probabilistic rewards.

In contrast to most previous behavioral economic research, which has
focused on microeconomic issues, the present study examined the con-
sequences of macroeconomic changes, specifically rates of inflation,
for individual choice and decision making. We suspect that this unique
aspect of the current approach may be profitably extended in various
ways. Researchers might examine the effects of other macroeconomic
phenomena, such as unemployment rate and the interest rates on loans
and savings on diverse aspects of individual decision making, such as
risk taking, health behaviors, and purchasing patterns. Such research
might provide an empirical basis for predicting the effects of proposed
macroeconomic interventions or for explicating the mechanisms under-
lying the observed consequences of past interventions.

Finally, although the microeconomic behavior of individuals and the
macroeconomic behavior of aggregates represent different levels of
analysis, these levels interact in a way that constitutes a feedback sys-
tem. While much previous research in behavioral economics might be
thought of as providing a better empirical basis for the path from the in-
dividual to aggregate behavior, the present study supplements such ef-
forts by examining the other path in the loop (i.e., from the macroeco-
nomic to the microeconomic). There is a need for a systems approach
within behavioral economics that examines the ongoing interaction be-
tween individual choice and decision making and the behavior of eco-
nomic aggregates, and theoretical analyses will need to be guided by
empirical work on both paths.
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NOTE

1. Curve-fitting was done using the same multiple nonlinear regres-
sion procedure for all three experiments in this study. The equation that
was fit was Y'= 1/[1 + (r + z * Ar)X}s, where Y is the subjective value
of the delayed or probabilistic reward and X is delay or odds against. The
discounting rate parameter (corresponding to k and 4 for delayed and
probabilistic rewards, respectively) for one of the rewards being com-
pared is represented by r, and the difference between the discounting
rate parameters for the two rewards being compared is represented by
Ar. The indicator variable, z, has the value 0 for one of the rewards and
1 for the other reward. Finally, the exponent s represents the nonlinear
scaling of amount or time. For example, when the smaller dollar and
zloty rewards were compared, the discounting rate parameter for the
dollar reward was (» + 0 * Ar) and the discounting rate parameter for
the zloty reward was (r + 1 * Ar). Thus, the discounting rate parameters
for the dollar and zloty rewards were r and (r + Ar), respectively. Sta-
tistical comparisons of discounting rates evaluated whether the value of
Ar estimated by the curve-fitting procedure differed significantly from
zero (i.e., whether the two rewards were discounted at different rates).
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