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Abstract. We conduct a series of laboratory experiments designed to test if individual
discount rates vary with the time horizon for which the rate is elicited. We conclude
that rates of time preference are not continuously declining, although observations
generated in many prior experiments have appeared to reflect such preferences. Our
observations are consistent with the intrinsically confounded notions of a “passion
for the present” and other “costs of any delayed payment.” The latter may simply be
due to the subjective transactions costs of receiving payment at a later date, rather
than reflecting time preferences. Each explanation results in a fixed premium being
attached to payment options delayed beyond the present. We demonstrate the
existence of this premium in choices between an immediate payment option and a
delayed payment option. When both payment options are delayed, the premium does
not vary between the options, and thus does not enter into the choice between them.
The revealed rates then do not vary with the choice horizon. To the extent that many
significant field choices or policy decisions do not involve choices with immediate
payoffs, the use of constant discount rates remains appropriate. We also identify
individual characteristics associated with higher or lower fixed premia when there is
no delay in the earlier payoff. For some groups of individuals the premia is
significantly higher than average, while for other groups it is virtually absent.
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What generates seemingly declining discount rates? One hypothesis is that individuals do
indeed have different rates of time preference for different time horizons, such as continuously
hyperbolic preferences. An alternative hypothesis is referred to as quasi-hyperbolic preferences.'
This hypothesis holds that the individual has a “fixed premium” that applies to money deferred for
some initial time delay, but has constant discount rates for any monies deferred for further horizons
beyond the initial delay.

Preferences involving this fixed premium could give rise to discount rates over time
horizons that gppear to be non-constant and “hyperbolicky.” For example, assume that option A is
$100 available immediately, and option B is some amount to be received later. If the individual
demands $20 in compensation to wait a7 a//, the subject would require $20, in addition to his interest
requirement, in order to choose option B. If his annual discount rate is constant and equal to 10%,
the subject would prefer option B over horizons of 1, 2 and 3 months only when option B is a
future payoff of at least $120.83, $121.67 and $122.53, respectively. If the experimenter ignores the
$20 fixed premium that the subject demands to wait for payment, he infers annual discount rates of
868%, 224% and 125%, respectively.” However, these declining rates are simply a result of the $20
premium being “spread” over longer time horizons. Alternatively, if the choice were between
payments that both involved a delay, then the fixed premium would be associated with both options.
For example, if option A is a payment of $100 in one month, and option B is a payment of more
than $100 beyond one month, then this individual would prefer option B when it is $100.83,
$101.67, and $102.53 over horizons of 1, 2 and 3 months, respectively. These choices correctly
reveal a 10% discount rate.

Thus there are two alternative hypotheses with quite different testable implications for

behavior. If declining discount rates are generated by the process underlying the notion of quasi-

' So-called “quasi-hyperbolic discount functions” were introduced by Phelps and Pollack [1968], and
have been adopted by Laibson [1997], O’Donoghue and Rabin [1999], Angeletos et al. [2001] and others.
Such specifications have been given various names. For example, O’ Donoghue and Rabin [1999] call them
“present-biased preferences” to emphasize that they reflect differences in pure rates of time preference.

2 For example, 868% is the rate that equates $100 now with $120.83 in one months, and so on.
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hyperbolic preferences, then the use of a front end delay (FED) should have a dramatic effect on
behavior, assuming of course that the FED is longer than the shortest time horizon which generates
the fixed premium. Specifically, a FED of any reasonable length should result in a marked reduction
in elicited discount rates compared to a setting in which there was no FED. Moreover, the monetary
premium required for delay should be a linear function of horizon.” However, if declining discount
rates are generated by the process underlying the original notion of continuously hyperbolic
preferences, then the FED should have no effect. That is, one should still expect to elicit higher
discount rates for earlier horizons, despite the FED.*

We conduct a series of experiments that are designed to differentiate between the two
hypotheses. We provide subjects with choices of two basic types: (I) money now or money later,
and (i) money later or money much later. A critical design choice is the length of the FED involved
in choices of the second type. The goal is to provide a FED that is just long enough so that subjects
do not perceive the eatlier option as “immediate.” We choose our FEDs with this in mind, and use
7 days as the minimum (non-zero) FED.” Our design also incorporates a FED of 30 days.

In our treatments without a FED, as has been employed in much of the empirical literature,
we do indeed find individual discount rates that appear to decline over the choice horizon when the
fixed premium is not included in the model. However, once a fixed premium is allowed for by using
a FED, discount rates no longer decline over the horizon. Thus, although we reject the hypothesis
of continuously declining discount rates, we can reconcile our findings with other experimental
results that appear to support hyperbolic preferences. This leaves two possible explanations: either

quasi-hyperbolic preferences, or constant preferences with some artefactual transactions costs

% This is equivalent to the claim that the elicited discount rates should exhibit no statistically
significant pattern with respect to horizon.

* One could imagine a generalized hyperbolic specification in which the rates declined so rapidly with
horizon that one could not tell that apart from the quasi-hyperbolic case empirically. We cannot rule such
extreme cases out, but then such specifications would not be operationally meaningful in the sense of
imposin% any refutable restrictions on behavior.

This choice is cleatly subjective. “Very short” FEDs, such as less than one day were rejected since
subjects may still attach premiums to the later option that they do not attach to the eatlier option. We leave it
to future research to determine the minimum FED to which such premia do not apply.
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generating a fixed premium when there is no FED.

The implications of our findings depend upon the field context to which they are being
applied. If the existence of a FED is consistent with the field context or policy decision being made,
then our findings lead to the conclusion that preferences are constant over varying hotizons.” We
believe that this is often the case. Because significant policy decisions involving trade-offs between
the “present” and the future do not typically involve immediate payoffs, which in this instance refer to
payments being made on the day of the decision, most policy decisions inherently do involve a FED.
However, if the FED is inappropriate for a specific field application, then our findings lead to the
conclusion that subject choices might appear to reflect hyperbolic discount rates, albeit only over very
short horizons. As our experimental design suggests, however, such preferences could be the result
of subjective factors resulting in a premium attached to payments involving a delay of any length,
rather than reflecting pure time preference.

Our results also demonstrate considerable individual heterogeneity in the fixed premium
required to delay payouts. We do find, however, that the fixed premium is significantly correlated
with several observable individual characteristics. For example, Asian-Americans and those with
higher household incomes appear to require no fixed premium for any delay. On the other hand,
older undergraduates, those with higher GPAs, those majoring in business, and those with richer
parents tend to have relatively higher fixed premia. Thus one begins to see a richer characterization

of the domain of violations of constant discount rates when there is no front end delay on payouts.

% This position is perfectly consistent with O’Donoghue and Rabin [1999; p.107, fn.10], although they
do not say how long the FED needs to be.
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1. Experimental Design

Our experimental design tests for constancy of individual discount rates (IDRs) using two
basic treatments:

u DELAYED PAYOFF EXPERIMENTS. In these experiments we elicit individual discount rates
for monetary streams using a positive FED, such that both the “shorter horizon” and
“longer horizon” payoffs occur in the future. That is, both payoffs occur with a delay. We
vary the length of time between the shorter and longer horizon payoffs that each individual
faces. Each individual faces just one such time horizon.

u INSTANT PAYOFF EXPERIMENTS. In these experiments, which otherwise mimic the delayed
payoff experiments, we have no FED. In other words, the shorter horizon payoffs occur
immediately and the longer horizon payoffs occur in the future. This feature is widely used
in much of the empirical literature associated with extremely high discount rates.

These treatments represent simple extensions of the experimental design employed by Coller and

Williams [1999] and Harrison, Lau and Williams [2002].

The basic question used to elicit individual discount rates is simple, and is of this general
form: do you prefer $100 today or $100+x in the future, where x is some positive amount? If the
subject prefers the $100 today then we can infer that the discount rate is higher than x% over the
period of the delay; otherwise, we can infer that it is x% or less over the period of the delay. The
format of our experiment modifies and extends this basic question in five ways.

First, we pose a number of such questions to each individual, each question varying x by
some amount. When x is zero we would expect the individual to reject the option of waiting for a
zero rate of return. As we increase x we would expect more individuals to take the future income
option. For any given individual, the point at which he switches from choosing the current income
option to taking the future income option provides a bound on his discount rate. That is, if an
individual takes the current income option for all x from 0 to 10, then takes the future income

option for all x from 11 to 100, we can infer that his discount rate lies between 10% and 11% for
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this time interval. The finer the increments in x; the finer is the discount rate of the individual that
we will be able to bracket.” We then select one question at random for actual payment after all
responses have been completed by the individual. In this way the results from one question do not
generate income effects which might influence the answers to other questions.

Second, in the delayed payoff experiments we provide two future income options rather than
one “instant income” option and one future income option. For example, we offer $500 in 30 days
and $500+x in 90 days, interpreting the revealed discount rate as applying to a time horizon of 60
days. ® This is intended to neutralize the effect of any fixed, horizon-independent, premia which
subjects may attach to future income options. For example, if delayed options involve greater
transactions costs than immediate options, then the compensation demanded to wait for the delayed
option would include these subjective transactions costs. Similarly, if preferences include a “passion
for the present,” then the compensation demanded to accept a payment with any delay would
include an amount to compensate for this. In either case the revealed discount rate would be biased
upwards, unless we account for a fixed premium. By having both options entail future income, we
hold these subjective costs constant across the payoff options and hence gain greater control over
the comparability of the two monetary payoffs.’

Third, we consider many different horizons, ranging from 1 day to 60 days after the FED.
We assign one of these time horizons to each subject at random, and elicit discount rates pertaining
only to that horizon. We are thus able to plot discount rates over a variety of horizons and explicitly
test whether rates are related to the time horizon.

Fourth, we provide respondents with information on the implied interest rates associated

" The same procedure, which can be referred to as a Multiple Price List (MPL) auction, is used to
elicit discount rates by Kirby and Marakovi€ [1996] and Kirby, Petry and Bickel [1999]. They randomize the
order in which the options are presented to subjects, whereas we deliberately order them in terms of
increasing rates of return. Because we seek the cleanest test of the hypothesis of interest, we do not address
possible confounds such as task complexity.

® Because our subjects are students, we take some care in our experiments to avoid payouts that fall
outside of the regular academic year, during recognized holidays, or on weekends.

? Although the logic of this point is intuitive enough, and appears to have been first stated by Roberts
[1991], it was first tested by design in Coller and Williams [1999].
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with the delayed payment option. This is an important control feature if field investments are priced
in terms of interest rates. To the extent that some subjects are attempting to compare the lab
investment to their field options, this feature may serve to reduce comparison errors since both the
lab and field options are now priced using the same metric."

Table 1 shows a payoff table for the case of a subject facing a 60 day horizon and a 30-day
FED. In other words, the later payment, option B, occurs 60 days beyond the earlier payment,
option A. The subject circled which option, A or B, he would prefer in each row. For subjects facing
different time hotizons, the annual and effective rates were the same as those in Table 1, but the

payment amounts for option B were appropriately different.

2. Previous Literature

Our goal is to place the existing empirical findings in context, so that we can see when and
why non-constant discount rates emerge. Our experimental design therefore differs from much of
the previous literature in some respects, although each of the key features has been employed
previously in other experiments.'' The most important design feature is that we employ a FED on
the choices presented to subjects in order to control for any confounding effects from fixed premia
as explained above.

O’Donoghue and Rabin [1999; p.103] motivate their analysis of time-inconsistent
preferences with the following passage:

People are impatient — they like to experience rewards soon and to delay costs until

' Coller and Williams [1999] show that providing these rates has a significant and negative effect on
the mean and variance of responses. There is an important field counterpart to providing the rates associated
with the payment options: truth in lending and savings laws require disclosure of both the annual and
effective interest rates associated with credit market instruments. Hence, the provision of the implied rates
serves to provide information in the laboratory that is consistent with the information available to individuals
in formal credit markets.

""" Two design features are discussed further in an appendix, since they may be of more technical
interest. One is the fact that we ask our participants to make choices over real rather than hypothetical assets.
Although we are not the first to do so, the bulk of the literature has relied on the use of hypothetical assets.
The other design feature is that we employ an elicitation method with known incentive compatibility
properties.
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later. Economists almost always capture impatience by assuming that people
discount streams of utility over time exponentially. Such preferences are
time-consistent: A person’s relative preference for well-being at an earlier date over a
later date is the same no matter when she is asked.

Casual observation, introspection, and psychological research all suggest that the
assumption of time consistency is importantly wrong. It ignores the human tendency
to grab immediate rewards and to avoid immediate costs in a way that our “long-run
selves” do not appreciate. For example, when presented a choice between doing
seven hours of an unpleasant activity on April 1 versus eight hours on April 15, if
asked on February 1 virtually everyone would prefer the seven hours on April 1. But
come April 1, given the same choice, most of us are apt to put off the work until
April 15. We call such tendencies present-biased preferences: When considering
trade-offs between two future moments, present-biased preferences give stronger
relative weight to the earlier moment as it gets closer. (Footnotes omitted)

This passage seems to confound two things, each of which are important.'”” The first is whether the
length of the time horizon over which the discount rate is being elicited affects the discount rate,
such as it does with continuously hyperbolic preferences. The second is whether the discount rate
elicited with a FED is different than a discount rate elicited with no FED, i.e. whether preferences
are quasi-hyperbolic. For an experimenter, and for subjects evaluating the credibility of being paid,
these are very different questions.

Our design is intended to separate the effects of the FED from the pure effects of the length
of the time horizon. The potential importance of this distinction seems to have been first noticed by
Benzion, Rapoport and Yagil [1989]." It was also highlighted by Roberts [1991; p.344], in the
context of comments on Ainslie and Haendel [1983] and Winston and Woodbury [1991]:

There is a bias toward choosing the small-early reward, particularly in the study by

Ainslie and Haendel [1983] where real money changed hands. Ainslie and Haendel

find ridiculously high implicit interest rates. An individual who prefers $10 today to

$12.50 three days from now is turning down a rate of return that is a compounded

annual rate of well over a trillion percent. Ainslie and Haendel, in a passage quoted

by Winston and Woodbury, suggest that this is how people behave in one-time

events and is not inconsistent with people willing to put money in a savings account
at 5 percent - a repetitive activity.

'2 Their formal analysis employs quasi-hyperbolic preferences, which do not suffer from these
confounds.

" Holcomb and Nelson [1992] re-examine the role of a FED with monetary payoffs, motivated by a
concern that Benzion, Rapaport and Yagil [1989] only studied hypothetical choices. Their FED was only one
day, so it is not obvious that the subjects viewed this as substantially different from there being no FED. They
observed no apparent effect of the one-day FED on behavior.
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An alternative explanation is that Ainslie and Haendel have revealed the role of

uncertainty in experiments lasting more than a single day. A student is likely to

prefer $10 today to $12.50 in three days if there is some uncertainty about whether

the experimenters will return in three days. I suspect that if respondents saw the

experimenters consistently handing out money three days later at 25 percent interest

rates so that they could be convinced that the experimenters were a going concern,

they would take the larger return and not act as if they required scientific notation to

express their discount rate.

One important reason that the FED design was introduced into discount rate experiments is
the concern about differential credibility. While it may not completely solve the potential credibility
problem,'* it arguably mitigates it. For example, consider a FED of 30 days such that subjects
choose between receiving different payment amounts in 30 days and in 60 days. While the subject
may have some doubt about actually receiving payment in 30 days, this doubt is not likely to differ
much from the doubt about receiving payment in 60 days. Similarly, the FED equalizes transactions
costs between the two payment options. While there are some costs to returning at a later date to
receive payment, these costs are not likely to differ between returning in 30 days vs. returning in 60
days.” The FED also serves to equalize any other unspecified differences subjects may perceive
between the two payment options. For example, if subjects have a “passion for the present,” they
demand a premium in order to accept a delay of any length. In a choice between immediate
payment and delayed payment, this premium is attached only to the delayed payment. However, if
both payments are delayed, the premium applies to both choices and thus becomes irrelevant in
choosing between them.

Having said this, there are many field settings in which the relevant issue is what the discount

rate is for “money today” versus “money in the future.”'® Even if the experimenter faces the

" Tt could be that credibility in the mind of the subject is a decreasing function of the time between
the experiment and the next payoff. Hence an experiment with a FED of 10 years would be tantamount to a
hypothetical experiment in most settings. Conversely, a FED of 5 minutes would be the same as having no
FED.

" This assumes no dramatic change in circumstances that makes collecting the payment more
difficult later. For this reason, we are careful to only offer choices that pay off on a week day during the
current teaching semester.

16 Such settings might include individual decisions of whether to consume now or save for future
consumption, or to purchase a more expensive but energy efficient appliance. We believe that individual
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inferential problem of having to then tease apart the effects of time horizon from credibility,
transactions, or other subjective costs, it is entirely appropriate that experiments with no FED be
considered. If there is a finding that discount rates are not constant when there is no FED, then it is
a matter for interpretation as to whether this is a subjective differential cost effect or a time-
inconsistency effect (or both).

Evidence for the behavioral importance of a 30-day FED was provided by Coller and
Williams [1999]. In one of their experimental treatments they had no such delay, and the results
from those experiments can be directly compared to their other experiments. After some minor
modifications to their statistical analysis, their results provide evidence that the use of a FED
decreases elicited rates by a large amount. The average effect of having no FED is to increase
elicited rates by 28 percentage points, with a 95% confidence interval between 52 percentage points
and 3 percentage points; the coefficient on the dummy variable denoting this treatment is statistically
significant at the 4.8% level."”

Kirby and Santiesteban [2003] use a FED of 1 day in an experiment in which they elicited
the individual discount rates of financially-motivated subjects for horizons of between 1 and 43 days.
They compare results with comparable experiments using no FED, and find that there is essentially
no difference in the pattern: discount rates decline with time horizon. These results are valuable, and
accord with our priors. They show that 1 day appears to be insufficient to overcome the subjective

costs and resulting fixed premium we hypothesize.

decisions involving more significant sums of money or public policy decisions are better characterized as
having a FED.

7 Read [2001] develops an experimental design which includes a FED, and finds that it zzoreases the
elicited discount rate (reported as a decline in the discount factor) in the one experiment in which he used
salient monetary rewards. Unfortunately, the method he uses to elicit discount rates is not incentive
compatible, and he was obliged to drop some subjects that appeared to have exploited this flaw by claiming
that they always preferred the shorter horizon option. Even if some subjects did not exploit the flaw to the
point where they were dropped, it is possible that they were aware of it and inflated their responses to a point
that they thought would not be detected. Either way, there are obvious problems of control over incentives to
truthfully reveal discount rates. His design also examined only one horizon (8 months for the non-salient
experiments, and 6 months for the salient experiment), making it difficult to tell if the effect of the FED
persisted across other time horizons, which is the focus of our design; the same limitation applies to the
design of Coller and Williams [1999].
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3. Experimental Results

We recruited 217 subjects from the general undergraduate population of the University of
South Carolina to participate in six sessions. There were 87 subjects (two sessions) in the
experiments with no FED, 90 subjects (three sessions) in the experiments with a FED of 30 days,
and 40 subjects (one session) in the experiments with a FED of 7 days. Subjects generally faced
horizons between 1 day and 60 days after the FED.'® Subjects were randomly assigned to sessions,
and then to horizon.

The subjects were initially presented with an informed consent form and then with the
written instructions. These instructions were read out loud by an experimenter, who then ran the
subjects through a “hands on” trainer in which they made choices over receiving Hershey’s Kisses
immediately or more Hershey’s Kisses at the end of the experiment. After the trainer was
completed, and all subjects had an opportunity to ask any questions, the main experiment was
implemented. When all subjects had made their choices on record sheets similar to the one
appearing in Table 1, the record sheets were collected and subjects were asked to complete a
questionnaire eliciting socio-demographic information as well as some information about their
personal finances. One payoff alternative was selected at random, and then one subject was selected
at random for payment. All random choices were implemented with a visible bingo cage. Fach
experiment lasted an average of 45 minutes.

Focusing directly on the dollar difference between options A and B, we can directly
investigate the hypothesis that the absence of a FED results in a fixed dollar premium for delay."

Figure 1 displays the observed data for the experiments with no FED. Because the vertical axis is in

'8 We employed a horizon of only 30 days in the session with a FED of 7 days because, given the
date on which it was conducted, a longer horizon would mean that subjects would be evaluating options that
were to be paid after the end of the regular teaching semester. This would have added possible transactions
costs to the deferred option that did not apply to the shorter-term option.

" Keller and Strazzera [2002] evaluate alternative discounting models in terms of the monetary
premia demanded by subjects to delay payouts. One can also equivalently examine the discount rates
implicitly chosen by the subject, as in Harrison, Lau and Williams [2002]. In an appendix we evaluate some
survey data collected from our subjects to suggest that most of our subjects did focus on the monetary
premium, znter alia.
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terms of dollars required to choose the later payment option, a positive relation is expected between
the delay premium and the time horizon. The slope of the line describing the data reflects the
interest rate, while a significant intercept reflects the fixed premium. The light, dashed line shows the
maximal delay premium available for that horizon; this amount corresponds to a 100% annual rate
(or a 171.45% annual effective rate) of return. Subjects that reject the delayed option at all interest
rates are shown on that line.”” We observe many subjects on that maximal premium line for short
horizons. Under the assumption that a fixed delay premium exists, this is not surprising. For
example, the dollar premium equating a 100% annual return with a delay of 1 day is only $1.39.
Thus, a subject who is unwilling to wait at all for $1.39 may simply have a fixed premium greater
than $1.39; yet he appears to demand more than 100% interest. In fact, the maximal dollar premium
exceeds $10 only for a horizon of 8 days or more, so subjects with horizons of a week or less that
required a fixed premium of, say, $10 for any delay would simply never delay.

Employing appropriate statistical models for censored responses in the experiments with no
FED, we estimate the relation between delay premium and horizon shown by the dark, solid line in
Figure 1. This relation clearly has a positive intercept, representing the fixed premium, at a horizon
of 0. The fixed premium is estimated to be $10.28 with a p-value of 0.010. The slope of the line is
estimated to be $§0.49 per day of delay (or 0.098% of the $500 principle), and has a p-value of 0.007.
Figures 2 and 3 show comparable results for the two treatments with a FED. No significant fixed
premium is found in the case of the 7-day FED ($0.31, p = 0.91), and only a marginally significant
fixed premium is estimated in the case of the 30-day FED ($4.05, p = 0.16).

Considerable heterogeneity across subjects is reflected in the fixed monetary premium
required. Table 2 includes the results of a statistical model designed to identify the significance of
these differences, based on observable individual characteristics. This model is estimated only on the

responses in the treatment with no FED. Controlling for individual characteristics results in a fixed

0 More accurately, such subjects never choose the delayed premium and hence have a delay premium
that is greater than the maximal amount. We treat these observations as censored at the maximal amount.
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premium of $15.49 for the individuals included in the implicit categories that are omitted (e.g.,
female, aged 21, neither black nor Asian, etc.). Restricting attention to estimates that are statistically
significant at the 5% level, older students have a much higher fixed monetary premium ($38.95
higher). Because graduate students, a group which is entirely composed of older students, have a
fixed premium that is $40.13 lower, the age effect is entirely due to older undergraduates. Asians
have a fixed premium that is $11.53 lower than the overall group. Those with the best GPA levels
have a fixed premium that is $6.94 higher on average. Those subjects with a household income
above $15,000 have virtually a fixed premium that is $9.21 lower, and those students with richer
parents tend to have a fixed premium that is $9.43 higher than the overall group.

Pooling responses across all FED treatments, we can undertake a more controlled statistical
comparison of the main treatment. We condition on the individual characteristics of each sample, as
listed in Table 2, and also correct for any heteroskedasticity that depends directly on the absence of
the FED and time horizon. The estimated intercept in this pooled analysis for the responses
observed with no FED is strongly significant, although slightly smaller in size compared to the
estimates that did not condition on differences in the characteristics of the sample ($6.23, p = 0.007,
with 95% confidence intervals of $1.74 and $10.72). The comparable intercepts for the treatments
with a FED are not statistically significant.”’ Thus we have clear evidence that #he fixed preminm effect is

significant in the absence of a FED, and that it disappears with a FED.

4. Conclusions

We have shown that if the FED is 30 days, subjects behave as if they have constant discount
rates over time. We find similar behavior when the FED is only 7 days. On the other hand, we have

also shown that if the FED is 0 days, subjects behave as if they have extremely high discount rates

! Tt is easy to test for possibility that discount rates continuously decline over horizon, by directly
testing if the monetary premium demanded is a non-linear function of horizon. Adding quadratic and cubic
terms to the above statistical specifications leads to a convincing rejection of the hypothesis of any non-
linearity.
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for shorter time horizons that decline during the next few weeks.

Our results focus attention on the interpretation of the FED feature of intertemporal choice
experiments. This feature controls for plausible contaminants of behavior in choice settings such as
the asymmetric credibility of a payment by the experimenter “today” rather than “in the future” and
asymmetric transactions costs to the subject of collecting the payoffs, as well as any other
asymmetric subjective costs that the subject may attach to having to face a delay of any length. Any
such subjective costs would result in the demand for additional compensation in the form of a fixed
premium.

Although we do not provide evidence as to why subjects attach a premium (in addition to
their required rate of interest) to deferred payment options, we provide evidence that this fixed
premium affects the compensation demanded only in choices made in the presence of no FED.
Furthermore, the amounts required by subjects to compensate them for such a fixed premium
generate observations appearing to reflect hyperbolic discounting. When subjects choose between
payments that both involve a delay, there is no differential fixed premium and no evidence of rates
declining as the choice horizon lengthens.

If the FED is viewed as a necessary device to control for the subjective cost confounds of
earlier experiments, then we have shown that one cannot reject the hypothesis that discount rates are
constant over the time horizons considered. We view the FED in this way, hence we reject the
alternative hypothesis of continuously declining discount rates.

Whether our results are due to the elimination of differential transactions costs and risk
premia between the choices offered, or to subjects simply having some other “passion for the
present” which does not come into play in the presence of a FED, remains unknown. The difficulty
in designing an experiment to separate these possibilities is obvious. To do so would require a
decision task that involves “now vs. later,” allowing for present-biased preferences to manifest
themselves, while keeping other costs constant between the two choices. Clearly any choice that

involves “now vs. later” must involve at least some transactions cost (if nothing more than the effort
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of keeping track of the arrangements needed to receive payment) and some (however minimal) risk
of default in payment. These difficulties call into question the relevance of drawing such a
distinction in the first place. Field choices suffer from the same intrinsic confounds as lab choices.
For example, the simple choice of whether to consume presently or to invest in a certificate of
deposit involves not only a possible present-biased desire to “spend now,” but also requires
consideration of any default risk of the investment instrument and some effort in keeping track of
the investment and redeeming it when it necessary.

We conclude that rates of time preference are not continuously declining, but that it is
simply not possible to test the elements of the quasi-hyperbolic specification in an operationally
meaningful manner. The appearance of continuously declining rates of time preference is consistent
with either a “passion for the present” or with other “subjective costs of any delayed payment,” and
these appear to be intrinsically confounded. To the extent that many significant field choices or
policy decisions do not involve choices with immediate payoffs, the use of constant discount rates
remains appropriate. Furthermore, we can identify significant groups of individuals that tend to

suffer more or less from the need for a fixed premium for any time delay.
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Table 1: Illustrative Payoff Matrix

Payoff Payment Payment Annual Annual Preferred
Alternative Option A Option B Interest Effective Payment

(pays (pays Rate Interest Option

amount amount (AR) Rate (Circle

below in below in (AER) A or B)

30 days) 90 days)

1 $500 $501.67 2.00% 2.02% A B
2 $500 $502.51 3.00% 3.05% A B
3 $500 $503.34 4.00% 4.08% A B
4 $500 $504.18 5.00% 5.13% A B
5 $500 $506.29 7.50% 7.79% A B
6 $500 $508.40 10.00% 10.52% A B
7 $500 $510.52 12.50% 13.31% A B
8 $500 $512.65 15.00% 16.18% A B
9 $500 $514.79 17.50% 19.12% A B
10 $500 $516.94 20.00% 22.13% A B
11 $500 $521.27 25.00% 28.39% A B
12 $500 $530.02 35.00% 41.88% A B
13 $500 $543.42 50.00% 64.81% A B
14 $500 $566.50 75.00% 111.53% A B
15 $500 $590.54 100.00% 171.45% A B
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Figure 2: Choices with FED of 30 Days

1007
7
80 7
Delay - //'// o
Premium -~ o
n /"/
Dollars  #°] //.r s " -

Time Horizon in Days

e Istimated ddllar premium
————— Maximum dollar premium, given horizon

. Observed responses

17-



Figure 3: Choices with FED of 7 Days
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Table 2: Estimates of Determinants of Monetary Premium

Interval regression estimates of mean effects, with robust Huber-White standard errors

Dependent variable is the monetary premium chosen by the subject, expressed as an interval
Responses only for zero FED treatment; N=85
Multiplicative heteroskedasticity assumed, but estimates not reported

Standard

Variable  Description Estimate  Error z b

Constant 15.49 7.441 2.08 0.037
HORIZON Time horizon for option B in days 0.07 0.102 0.73 0.465
MALE Male 1.65 4.068 0.41 0.685
YOUNGER Younger than 21 3.42 3.180 1.07 0.283
OLDER Older than 21 38.95 9.212 4.23 0.000
BLACK Black 6.05 4,746 1.28 0.202
ASIAN Asian or Asian-American -11.53 2.247 -5.13 0.000
BUSINESS  Business major -4.68 3.755 -1.25 0.213
STANDING Freshman or Sophomore -3.12 1.899 -1.64 0.101
GRADUATE Graduate Student -40.13 8.290 -4.84 0.000
GPAAA GPA mainly has A’s 6.94 2.119 3.28 0.001
GPAAB GPA has A’s and B’s 2.37 3.856 0.61 0.540
HHY?2 Household income above $15k -9.21 1.890 -4.87 0.000
PARY2 Parental income between $65k and $80k 2.37 4723 0.50 0.616
PARY3 Parental income above $80k 943 3.494 2.70 0.007
BALANCE Carries a loan or credit card balance 0.39 3.624 0.11 0.915
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Appendix A: Additional Discussion of Experimental Design Choices

1. Hypothetical Responses

One major difference in experimental design between the experiments reported here and
most of the existing literature is our use of real, rather than hypothetical, payments. One of the
hallmarks of experimental economics is the use of instructions and payoffs designed to ensure
control over the incentives faced by individuals. This control facilitates interpretation in terms of
existing theory. One aspect of control is the use of payoffs to the subject that vary with the
responses made by the subject, and in a way that the subject understands. This is called “salience” in
the terminology of Smith [1982]. It is also important that these payoffs be observable and
measurable by the experimenter, thus ruling out “intrinsic motivation” as a candidate explanation for
observed behavior. We cannot rely on subjects’ personal desires to do the task correctly for their
own satisfaction, since that is not observable and subjects may differ in this regard. Hence monetary
rewards are customarily used by experimental economists to motivate subjects.

The existing literature relies heavily on responses to hypothetical choice situations which do
not employ salient monetary incentives.”> While hypothetical scenarios may be entirely appropriate
in some contexts, the argument offered in favor of using hypothetical scenarios in many studies is
simply convenience. The notion here is that there are certain “realistic” questions which one cannot
feasibly ask within the usual constraints of budgets and ethical review boards.

Loewenstein and Thaler [1989; p. 184] offer the following argument in favor of using
hypothetical choice scenarios:

In this study, and some others described here, the questions asked were hypothetical.

Of course, all things being equal it would be better to study actual choices.

However, there are serious trade-offs between hypothetical and real money methods.

Using hypothetical questions one can ask subjects to consider options that

incorporate large amounts of money, both gains and losses, and delays of a year or

more. In studies using real choices, the experimenter must reduce the size of the

stakes and the length of the delay, and it is difficult to investigate actual losses. Also,

in a hypothetical question, one can ask the subject to assume that there is no risk

associated with future payments, while in experiments using real stakes, subjects
must assess the experimenter’s credibility.

* Frederick, Loewenstein and O’Donoghue [2002] review the literature.
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The flexibility made possible by using hypothetical payments prompt Loewenstein and Thaler [1989]
to utilize a hypothetical scenario in their study. However, they acknowledge that real choices made
in the presence of economic incentives are more credible. It is only when the research question
necessitates the use of unaffordably large prizes, or runs counter to ethical constraints which
prohibit the imposition of losses, that hypothetical responses are reasonable substitutes for real ones.
Because sufficient evidence® exists that hypothetical responses caz be misleading in valuation and
choice settings of interest to economists, we choose not to rely on inferences made from

hypothetical choices.

B. Eliciting Truthful Responses

An important aspect of salience is the understanding that subjects have for the way in which
payoffs are affected by their decisions. Furthermore, for payoffs to be salient, subjects must feel
confident that the earned payoffs will actually be received. A second important design consideration
that distinguishes the experiments reported here from many others is the effort to ensure credibility
and to provide a simple, incentive compatible payment mechanism.

Problems with credibility and subject understanding can greatly limit the inferences drawn
from any experiment. For example, Horowitz [1991; p.320] honestly reports problems with
experimental control that should cause some pause about accepting his results:

If anything, the results reported in this paper understate how unusual the behavior

was in our experiment. [...] First, the winners of Auctions 1 and 2 were extremely

reluctant to pay for their bonds. Two out of six of the bond purchasers refused to

pay for the bonds they were supposed to buy; the four other winners all had

elaborate excuses for their inability to pay for the bonds immediately and took as

long as a week to pay eventually. This reaction was especially pronounced in Auction

2.

Second, a dramatic change in bidding behavior was observed between Auction 1 and

Auction 2. Over 55 percent (40 out of 70) of the participants were willing to pay less

for the second bond than they were for the first one, despite the fact that the payoft

date was 30 days closer. The four winners of the first auction bid especially low in
the second. Two of them submitted bids of $0 and one submitted a bid of $5.00; the

* See the review in Harrison and Rutstrém [2005] of valuation tasks designed to test for hypothetical
bias.
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fourth winner dropped the class between the two auction dates. In scrutinizing the

reliability of our data, one might argue that a single auction (Auction 1) is insufficient

to familiarize individuals with the auction mechanism or the tradeoffs involved with

our bonds. But the striking change in behavior between Auctions 1 and 2 suggests

that individuals learned a lot from Auction 1.

The credibility of the payoffs is an issue that was also recognized by Neill, Cummings, Ganderton,
Harrison and McGucken [1994] in experiments designed to elicit real payments for a physical good
(an art object). They addressed it by modifying the experimental procedures for their Vickrey auction
by requiring subjects to include the cash or a check for their bid in an envelope, to make their bid
effective. The losers would have their envelopes returned unopened, and the winner would simply
be refunded the difference between their bid and the second-highest bid. Quite apart from ensuring
that the experimenter received some real payment from the winner for the object sold, this
procedural device undoubtedly clarified for all subjects that there were real consequences of their
bid. In this manner, control over incentives was regained.

Kirby and Marakovic¢ [1995] used real rewards for their subjects in discount rate experiments
in which the subjects were asked to state an amount of money they would accept immediately in
exchange for a deferred payment. The auction institution used was a first-price sealed-offer auction,
in which the subjects were told that the winner would be the person that offered the smallest
amount and that the winner would receive that amount instead of the deferred payment. The first-
price auction is not one in which subjects have a rational incentive to reveal their true value,
although it could be inferred by the experimenter with some strong auxiliary assumptions.”* Another
problem was that the actual procedures for payments were quite different than the procedures

explained to subjects: “In fact, the auction was entirely simulated and subjects’ bids were never really

compared. The computer randomly determined whether the subject “won” the bid with a

** Specifically, the experimenter would have to assume that the subject followed a symmetric Nash
Equilibrium offer function, relating his offer to the number of active subjects in the auction and the range of
possible valuations that individuals could have drawn. In addition, some assumptions about risk attitudes
would need to be made. In the simplest case of a first-price sealed-4id auction with risk neutral bidders and
valuations drawn from the unit interval, the Nash Equilibrium bidding rule is for the subject to bid a fraction
of his valuation, equal to the number of bidders minus one, divided by the number of bidders. Hence one
could just invert this fraction, multiply it by the observed bid, and infer the true valuation. Quite apart from
the plausibility of these auxiliary assumptions being true for these subjects, the first-price auction is known to
provide weak incentives to the subject to reveal the optimal bid accurately.
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probability inversely related to the size of the bid.” (p. 24). One might say that this is immaterial
since the subjects did not know this, but such deception calls into question the credibility of
anything that the experimenter has to say to the subject.

Both of these concerns were addressed in an important follow-up study by Kirby [1997].
This study does use procedures that meet the salience standards of experimental economics. The
subjects were provided real rewards, and were required to come to the experiment with $20 in cash
to use for bidding (p.59). He also employed an example, patterned after Neill et al. [1994], in which
an auction for a used car was used to explain the notion that truthful bidding is a dominant strategy.
Finally, he studied the effect of not providing feedback on winning bids during repetitive trials.”

Although Vickrey auctions are in general demand-revealing, it is possible that we may not
elicit truthful responses with this institution if subjects do not understand the dominant strategy

26

logic.” An alternative procedure, known as the Multiple Price List (MPL) auction and shown in
Table 1, has been employed by Kirby and Marakovi¢ [1995], Kitby, Petry and Bickel [1999], Coller
and Williams [1999] and Harrison, Lau and Williams [2002]. The idea is to offer subjects a seties of
choices between a short-term reward and a longer-term reward, and to vary the parameters of the
reward in the series offered to any one subject. One could vary the principal amount, the time
horizon between the two rewards, the FED, the rate of return implied by the choices, the way in
which the alternatives are ordered when presented to subjects, or any combination of these. The
logic of telling the truth is even more transparent than in the bidding setting, since the subject
literally gets the binary choice he or she makes.

One difference between the implementation of the MPL procedures across these studies is

the ordering of the payoff choices. Kirby and Marakovi¢ [1995] and Kirby, Petry and Bickel [1999]

presented the options to each subject in a random order, whereas Coller and Williams [1999] and

* His experiment 3 provided this information to 2 of the 4 bidders in each trial; neither of his
previous experiments provided any feedback. The concern with providing feedback is that it zay lead to
affiliation of beliefs about the valuation of the object for sale, as explained by Harrison, Harstad and Rutstr6m
[2004].

%0 See Rutstrom [1998] and Kagel, Harstad and Levin [1987] for discussions of this problem with
Vickrey auctions.
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Harrison, Lau and Williams [2002] presented them in increasing order of the implied rate of return.
The latter ordering was employed to make the trade-off to subjects transparent, and hence to focus
on the trade-off rather than on the computational difficulty of comparing the alternatives. Moreover,
Coller and Williams [1999] and Harrison, Lau and Williams [2002] presented the annual rate of
return and the annual effective rate of return for each option, whereas the other studies did not. In
addition to achieving consistency with the informational requirements of “fair lending laws” in most
developed countries, these procedures likely minimize the informational burden of the task and
focus the subject on the trade-offs entailed by the alternatives.

Another difference across studies is whether the principal amount was varied. Coller and
Williams [1999] and Harrison, Lau and Williams [2002] maintained the same principal amount for all
of the short-term options, so that the only thing that varied for each subject was the rate of return in
the longer-term reward. Again, the objective was to make the trade-off transparent, rather than
additionally test if the subject was able to make these calculations. To illustrate the potential
importance of this simple design feature, Table 3 lists the options offered in Kirby and Marakovi¢
[1995] and Kirby, Petry and Bickel [1999] in order of the implied annual effective rate of return on
each choice: the actual order presented to the subjects is listed in the first column. Table 3 also
shows the percentage of subjects that chose the deferred payment option.”” It is obvious from Table
3 that the change in the percentage of subjects choosing the deferred option is not monotonic, a fact
which may reflect the additional computational burden of the task.

Yet another difference is whether individual subjects faced differing choice horizons. Coller
and Williams [1999] and Harrison, Lau and Williams [2002] provided the subjects with only one time

horizon in each payoff table, while Kirby and Marakovi€ [1995] and Kirby, Petry and Bickel [1999]

*7 Kirby and Marakovié [1996] deleted some subjects due to inconsistent responses, and we
summarize their final sample of 621. Kirby, Petry and Bickel [1999] used heroin addicts as well as 60 control
subjects that were not heroin addicts, and we report results for the latter sample only. The financial incentives
for the Kirby and Marakovi€ [1996] study were also relatively weak: 2,000 students were asked to return the
questionnaire, knowing that one of those that returned the survey would be eligible to receive #p 0 $85 based
on their responses. If the students correctly guessed the potential sample size of 2000, and assumed
optimistically that they were awarded the $85 prize, the expected payoff from returning the questionnaire was
only 4.25 cents. If they rationally estimated that only 672 would return the questionnaire, and continued to be
optimistic with respect to the $85 prize, the expected payoff changes to 13 cents.
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had many different time horizons in the same payoff table. Although Harrison, Lau and Williams
[2002] vary the time horizon across subjects and ask some of their subjects to fill in responses for all
four horizons, within each MPL payoff table the subject had only one time horizon to consider.
There may be legitimate reasons for using these “jumbled up” tasks, such as when there are
strong reasons to suspect framing effects,” but such tests make any inferences about discount rates
Joint hypothesis tests, that the subject is able to make these comparisons despite their computational
difficulty, and that the subject chooses the preferred alternative in accord with his true discount
rate.” In the experiments reported here, we choose to simplify the computational aspect of the
choice we ask subjects to make. We employ the MPL mechanism using a constant principal amount
with choices ordered in terms of increasing rates of return. We provide subjects with both the
annual interest rate and the annual effective rate implied by each choice. We also implement the

different time horizons on a between subject basis.

% One of the intentions behind such “jumbled up” payoff matrices is to avoid framing effects which
may occur when subjects evaluate options in an ordered sequence. These framing effects emerge when
subjects anchor on the first option and evaluate all subsequent offers in relation to the first. Since the MPL
presents all options simultaneously to subjects, in one payoff matrix, we do not believe that the choice
between jumbling or ordering will significantly affect framing in our setting. One concern with the MPL
procedures used in Coller and Williams [1999] and Harrison, Lau and Williams [2002] is that the use of a fixed
array of alternatives might “cue” subjects to switch their payment preference somewhere in the middle of the
table. This hypothesis would be easy to test by varying the number of rows or changing the numerical values
in the same number of rows. However, our design is focused on a comparison across FED treatments that all
use the MPL method, so any effect from that method would be applicable to all of our FED treatments.

* Such joint tests are quite interesting, and of some importance for policy settings in which there are
no regulatory constraints on the information that must be provided in financial transactions, or where
decision-makers might not understand the import of the information provided, but they are tests that are best
undertaken after we have resolved how to elicit discount rates in the most transparent setting possible. We
would add to this list tests of the effects of elicitation mode: for reasons described in Harrison, Harstad and
Rutstrém [2004], we are not surprised that there is considerable variation in elicited responses to discount rate
questions in the psychology literature when the choices are framed differently.
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Table 3: Aggregate Results from Comparable Psychology Experiments
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Appendix B: What Did the Subjects Say They Were Focusing On?

In an effort to get some insight from the subjects as to what they were focusing on when
making their choices, interest rates or money amounts, we asked them some questions directly on
this after their choices were made and collected by the experimenter. One question was: “Which one
of the variables below (interest rate or dollar amount of option B) did you focus on more when
making your decision in today’s experiment?” The subjects were asked to check one of “Interest
rate,” the “Dollar amount of option B,” or “Equal focus on both.” This question was not obviously
salient, and could have been interpreted in an ambiguous manner, but the responses are nonetheless
worth looking at for exploratory purposes.

Figure 4 reports the results, broken down by FED. The results point to the subjects focusing
much more on the dollar amount when there was no FED, compared to both the 7 day FED and 30
day FED experiments.” This finding is

even stronger for the shorter horizons:

Figure 4: What Did You Focus On?

for horizons of 15 days or less, 7o subject
¥ > ] Responses to ex post survey question, by FED treatment

in the experiments with no FED claimed 0
Rate 7
to focus solely on the rate, and 73% 30
claimed to focus solely on the dollar 0
. Doll 7
amount. These findings sxgges? that one onar 0
reason that the use of a FED leads to .
less extreme responses is that it serves to Eeda g
30
encourage the subject to focus more on . . ) ) . . .
0 1 2 3 4 5 6

. .. . Fraction of Résponses .
the implied interest rate. This argument

is consistent with subjects attaching a fixed premium to the delayed payment when they are faced

with a choice between immediate payment and delayed payment (i.e., when there is no FED).

% This conclusion is supported by the results of Fisher’s exact test applied to a contingency table
showing the fraction of responses in the 0 FED case with those in the positive FED cases. The test statistic
rejects the null of no association at the 1.9% level.
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