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Abstract

We investigate how intertemporal allocation of monetary rewards is influenced by
the size of total budget, with a particular interest in the channels of influence. We
find a significant magnitude effect: the budget share allocated to the later date
increases with the size of the budget. At the aggregate level as well as at the
individual level, we find magnitude effects both on the discount rate and on
intertemporal substitutability (i.e. utility curvature). The latter effect is consistent

with theories in which the degree of asset integration is increasing in the stake.
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The prediction of the standard consumption-savings model, that people always
discount an income at the market interest rate, has been found to be inconsistent
with empirical results.! One important anomaly, dating back to Thaler (1981), is
the magnitude effect: when comparing a smaller sooner reward with a larger later
reward, people favor the later reward more often as the amounts of the two rewards
are scaled up. Studies on the magnitude effect help us better understand the relation
between intertemporal choices in the lab and those in the real life, given the fact
that most lab experiments use small stakes but many choices in the real life involve
large stakes.

While a few experiments observed the magnitude effect, little effort is made to
explore its mechanisms: are people more patient to larger amounts of money, or do
they find larger amounts of money to be more substitutable across time? Both
mechanisms account for the magnitude effect in a single-reward task where a
decision-maker can only receive a reward on a single date (sooner or later), but they
have different meanings and predict differently in a more general situation.
Ignorance about the mechanisms makes us unable to predict intertemporal choices
in general situations. In the meantime, there is not yet any empirical work on how
intertemporal choices from a set of cash flows (rather than rewards on a single date)
change as all amounts are scaled up.

In this paper, we perform a lab experiment to investigate how choices in
intertemporal allocation tasks change with the magnitude of rewards, and in
particular, whether the magnitudes impact intertemporal preferences through
patience (the discount rate) or through intertemporal substitutability (the atemporal

utility function).

1 . . Lo .
To be more precise, people discount at the market rate unless they do not have enough liquidity to smooth consumption
between relevant periods.



Several experiments on time preferences have reported a magnitude effect.?
Though most early studies are based on hypothetical decisions, there are also some
real-stake experiments that found a magnitude effect (Holcomb and Nelson 1992;
Kirby 1997; Kirby, Petry and Bickel 1999; Andersen, Harrison, Lau, and Rutstrém
2013; Sutter, Kocher, Glitzle-Riitzler, and Trautmann 2013; Halevy 2015). In this
literature, little efforts are made to explore the channels of the magnitude effect.
This is mainly because most studies employed a single-reward task. With a single-
reward task, one cannot disentangle different channels and can only attribute all
effects to one aggregate measure, the monetary discount rate.

We are interested in the following question: does the magnitude affect choices
through the discount rate, or through intertemporal substitutability (utility
curvature)? It is interesting to disentangle channels because different channels
predict choices differently in a setting more general than a single-reward task. For
instance, in intertemporal allocation tasks with varying interest rates, the discount
rate affects the average choices, while the intertemporal substitutability affects how
fast a choice changes with the interest rate. The knowledge about mechanisms is
important for establishing deeper and better-founded descriptive theories of
intertemporal decision making. Meanwhile, omitting a channel of the magnitude
effect in an empirical study or in policy making may lead to biased estimates and
predictions.

Some existing theories give explanations to the magnitude effect in single-reward
tasks. Benhabib, Bisin and Schotter (2010) posit that a fixed cost of waiting makes
people impatient to small outcomes, but it matters less when outcomes are large.
Noor (2011) establishes a magnitude-dependent discounting model where the

discount rate of a dated outcome is decreasing in the size of the outcome. Fudenberg

2 Frederick, Loewenstein and O’Donoghue (2002, Section 4.2.2) summarized the early literature on the magnitude effect
of time preferences. Andersen, Harrison, Lau and Rutstrom (2011) also reviewed the more recent literature.



and Levine (2006) predict that people exert costly self-control when stakes are high
but indulge themselves when stakes are low, which generates a magnitude effect.
Holden and Quiggin (2017) assume that people take into account more background
consumption when experimental rewards are larger, which also explains the
magnitude effect in single-reward tasks. When those theories are applied to
intertemporal allocation tasks with proper extension, Benhabib et al. (2010) and
Noor (2011) predict a magnitude effect on the discount rate, while Fudenberg and
Levine (2006) and Holden and Quiggin (2017) predict a magnitude effect on the
utility curvature. It is thereby interesting to know what kinds of models capture the
main characteristics of intertemporal choices in a more general setting.

We employ the Convex Time Budget (CTB) method introduced by Andreoni and
Sprenger (2012). It allows subjects to form a portfolio of a sooner reward and a
later reward given a budget constraint. This intertemporal allocation task has a few
applications in the real life. For instance, people need to decide how to allocate their
income to the present and to their years of retirement, given the after-tax real rate
of return. More importantly, the possibility for subjects to make interior choices
(and not only corner choices as in single-reward tasks) enables researchers to
simultaneously identify the discount rate and the intertemporal substitutability.> *

The design of our experiment has three main features. First, all subjects receive
equal amounts of participation fees on the sooner date and on the later date
regardless of their choices, and the payment conditions are constant across time.

Thus, the transaction costs and the trustworthiness of the payments are equalized

3 Abdellaoui, Bleichrodt and I'Haridon (2013a) provided another method for measuring intertemporal preferences
parametrically. Their method identifies utility curvature from marginal utilities for different quantities on the same date,
while the CTB method identifies utility curvature from sensitivities of choices to interest rates. The two methods are
equivalent if the true model is with a stationary period utility function and a magnitude-independent discount function, as
assumed in our paper. If the condition is not satisfied, the former method is better at measuring curvature of a period utility
function, and the CTB method is better at measuring sensitivity of choices to interest rates (or, elasticity of intertemporal
substitution).

4 A discussion about the rationality of subjects in the CTB task is provided in Appendix A.



across periods, and these confounding factors are controlled for. Second, we
implement two treatments. In one treatment subjects allocate between today and
four weeks later, while in the other treatment subjects allocate between four weeks
later and eight weeks later. This allows us to assess whether the magnitude effect
is affected by the inclusion of a front-end delay. Finally, by assuming a simple yet
popular model, the CTB method allows us to identify the discount rate and the
atemporal utility function simultaneously. As a result, we are able to disentangle
the channels of the magnitude effect.

We find evidence of the magnitude effect in intertemporal allocation tasks: the
budget share allocated to the later date is increasing in the total budget. The size of
the magnitude effect is found to be decreasing in the magnitude. The pattern is not
affected by whether or not a front-end delay is present. At the aggregate level as
well as at the individual level, we find magnitude effects both on the discount rate
and on intertemporal substitutability. Both channels have considerable impacts on
predicted choices. We find that the latter effect is not the same as the magnitude
effect on risk attitudes found in previous studies, and hence it might be problematic
to correct for the curvature of utility functions by risk attitudes. Instead, the
magnitude effect on intertemporal substitutability is consistent with theories where
people integrate experimental rewards with more background wealth as the
magnitude of rewards gets larger.

The remaining part of this paper is structured as follows: We introduce our
experimental design in Section I. In Section II we formulate our hypotheses. In
Section III, we investigate non-parametrically the magnitude effect and its relation
with the front-end delay. We explore the channels by parametric estimation both
at the aggregate level and at the individual level in Section IV. In Section V, we

discuss the interpretations of our findings. We draw conclusions in Section VI.



I. Experimental Design
A. The Convex Time Budget Method, Parameters and Implementation

The foundation of our experimental design is the Convex Time Budget method
introduced by Andreoni and Sprenger (2012). The method consists of a set of
intertemporal allocation tasks: in each decision subjects are asked to allocate N
tokens to two dates, t days from today and (t + 7) days from today. Each token
allocated to t is worth P; euros, while each token allocated to (t + ) is worth P,
euros. Suppose a subject allocates n; tokens to the sooner date and n;, , to the later
date, the amount of the sooner reward will be z; = P; - n; euros and the amount of
the later reward will be z;,; = Py y; " Ng4p €UIOS.

Choices are subject to the budget constraint, n, + ny,, < N, and the non-
negativity constraints, 0 < n;,n.y; < N. Subjects are told that they can allocate
any number of tokens they like to one of the two dates. Examples of both corner
choices and interior choices are given to remove any hesitation in making either
type of choices.

Decisions with the same total budget, N, are grouped in one decision form, which
is displayed on one page. There are seven decisions in each decision form. The
return to each token allocated to the later date is fixed as P, = €0.20, while the
return to each token allocated to the sooner date is varied and takes the values P, =
€0.20, €0.19, €0.18, €0.17, €0.16, €0.15, and €0.14. Hence, those returns imply
seven gross interest rates, R =1, 1.05, 1.11, 1.18, 1.25, 1.33, and 1.43, respectively,
over a period of T days. The constraints can be rewritten as

Rz + 2z, <m
Zy Zeyr = 0

where m is the total budget and m = P, - N.



We implement the CTB method by a zTree program (Fischbacher 2007). Figure
1 shows the interface of a typical decision form. Each decision takes a row.
Decisions can be made by scrolling the bars. Once an adjustment is made for one
decision, the amounts of the sooner reward and of the later reward in that decision
are automatically calculated and displayed.

To avoid any possible effects of initial values, the amounts of rewards are initially
blank. Decisions cannot be submitted until all the scrollbars have been adjusted at

least once.
B. Procedures

There are two parts in our experiment. Part I consists of five decision forms, with
N =100, 200, 300, 400, and 800. The order is randomly drawn for each subject.
Subjects can move to a specific decision form by clicking the button with the
corresponding number. One can go to any decision form at any time, regardless of
whether the current decision form is completed. Decisions are automatically stored
when one switches to another decision form. This makes comparisons across
magnitudes very easy to the subjects in case they would want to make such
comparisons. Decisions can only be submitted when all the 35 decisions in the five
decision forms are completed.

We randomly assign subjects to one of two treatment groups. In the Present
Group, the sooner date is today while the later date is four weeks from today, i.e.
t = 0 and T = 28. In the Delayed Group, the sooner date is four weeks from today
while the later date is eight weeks from today, i.e. t = 28 and 7 = 28. Comparing
the two groups enables us to check if there exists a present bias on average, and
more importantly, if there exists a magnitude effect when no rewards are available

in the present.



Form 1: Decisions 1-7

September 2014 (October 2014 N ber 2014 D ber 2014
T 2.8 4.5 6 7 1 2 % 4§ 1 212 3 456 7
8 9 10111213146 7 8 9 1011123 4 5 6 7 8 9 B 9 10111213 14
15 16 17 18 19 20 21 (13 14 15 16 17 18 19 (10 11 12 13 14 15 16 |15 16 17 18 19 20 21
3 24 25 26 27 28 122 23 24 25 26 18 19 20 21 22 23 22 23 24 25 26 27 28
9 30 7 28 29 30 31 4 25 26 27 28 29 30 |29 30 31
You are required to allocate 300 tokens between the two dates for each decision:
Payment A: 20 Oct Payment B: 17 Nov
4 WEEKS from Today and 8 WEEKS from Today =0 0| M dbioy
and
1 || 265 _ tokens at € 0.20 each on 20 Oct e 35 tokens at €0.20 each on 17 Nov € 53.00|€ 7.00
and
2 tokens at €0.19 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
(i ] i)
and
3 tokens at €0.18 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
B | o
and
4 tokens at €0.17 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
= |
and
5 tokens at €0.16 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
i | sl
and
6 tokens at €0.15 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
(i ] i)
and
7 tokens at €0.14 each on 20 Oct tokens at € 0.20 each on 17 Nov € €
B | o
Switch to Form | 1 || 2 ” 3 || 4 || 5 l

<--Clicking this button will submit ALL your decisions in every form

Figure 1. Interface of a Typical Decision Form in Part I




Part II is composed of an extended CTB decision form with seven decisions.
Subjects are asked to allocate 400 tokens to three dates, today, four weeks from
today and eight weeks from today. One additional restriction is imposed, depending
on which group one is in. A subject in the Present Group can allocate either O or
200 tokens to eight weeks from today; she cannot choose other numbers. But she is
still free to allocate any number of tokens between today and four weeks from today.
Similarly, a subject in the Delayed Group can allocate either 200 or 400 tokens to
today. She is still free to allocate any number of tokens (if there remains some)
between four weeks from today and eight weeks from today. The restrictions and

the returns to one token allocated are shown in Table 1.

Table 1. Restrictions on the number of tokens and returns to one token allocated to a specific date in Part II

Group Today Four weeks from today  Eight weeks from today

Returns to one €0.20, €0.19, €0.18,

token €0.17, €0.16, €0.15, €0.20 €0.26
Present €0.14

Restriction on the No additional No additional

.. .. 0 or 200

number of tokens restriction restriction

Returns to one €0.20, €0.19, €0.18,

token €0.08 €0.17,€0.16, €0.15, €0.20
Delayed €0.14

Restriction on the 200 or 400 No ad(.ilqonal No ad(.ilqonal

number of tokens restriction restriction

The additional date (eight weeks from today for the Present Group or today for
the Delayed Group) is accompanied with a very high return for the Present Group
and a very low return for the Delayed Group, so that subjects are induced to allocate
200 tokens to this additional date. If they do so, the remaining task is equivalent to
the one with a total budget of 200 tokens in Part 1. This characteristic makes the

two decision forms comparable.



The purpose of Part II is to test the time separability of intertemporal preferences.
One alternative hypothesis is that a subject in the Delayed Group may allocate less
to the sooner date if she has allocated a large amount of money to an even sooner
date, since the desire for extra consumption has already been partly satisfied. A
similar hypothesis applies to the Present Group: a subject in the Present Group may
allocate less to the later date if she has already allocated a large amount of money
to an even later date, since the guilt for not saving has been partly released. If
preferences are time non-separable, the use of a model with a time separable
preference is more likely to be problematic. Thus, we want to test the hypothesis of
time separability before we perform parametric estimation with a time-separable
model.

We do not directly give a fixed reward on the additional date. This is because a
fixed reward might be mentally isolated from the allocation task due to narrow
bracketing, and hence the test of time separability in the allocation task may be
invalid.

At the end of the experiment, subjects were asked to finish a questionnaire. As in
previous studies with the CTB method, we asked about subjects’ expenditures in a

typical week. The average response was €55.22 per week or €7.89 per day.
C. Experimental Payments

The payments are composed of two parts. First, all subjects receive a €5
participation fee on each of the two dates scheduled in Part I. Second, each subject
has a 10% chance to receive earnings from decisions. Before the experiment starts,
each subject is randomly given a lottery number, ranging from O to 9. After all
subjects in a session finish the questionnaire, the experimenter invites one of the
subjects to draw a ten-sided die in front of all subjects in the session. Subjects who

have a lottery number that equals the die roll get the earnings from decisions. One

10



decision is randomly selected from the 42 decisions in the two parts as the decision
that counts. If the decision that counts is from Part I, the allocation in that decision
will be realized as the earnings from decisions. If the decision that counts is from
Part II, the allocation will be realized and the subject will also receive a €5
participation fee on the additional date in Part II; hence a subject will receive three
participation fees if a decision in Part II is realized. All the rules above were
articulated in the instructions, and the instructions were always read aloud before
either part of the experiment.

The earnings were paid by bank transfer to subjects’ checking accounts. We made
orders of transfers soon after the experiment and sent reminder emails with
information about the incoming amounts on the experimental day and on all the
payment dates. Given the reliability of the banking service, subjects can expect to
receive all delayed payments exactly on the appropriate payment dates, while some
of the present payments might be received one day after the experimental day due
to the inter-bank processing.

We believe the payment tool we used was as good as cash in terms of liquidity.
Checking accounts are used in private transactions such as paying for rents.
Checking accounts are also linked to debit cards. In the Netherlands, debit cards are
widely used for daily transactions in almost all kinds of stores including
supermarkets, university restaurants and bookstores without any transaction fees.
We held a survey about subjects’ use of debit cards in the questionnaire. The
responses show that bank transfers give high liquidity to the rewards, so that no

isolation effect should be expected due to the payment method.’

3 84.7% of the subjects pay at least 50% of their expenditure in general by debit card, while 91.1% pay at least 30% of
their expenditure in general by debit card. Among those who pay less than 30% of their expenditure in general by debit card,
61.1% pay at least 30% of their expenditure in university restaurants or in supermarkets by debit card. Among the remaining
seven subjects, four withdraw cash at least 3 times per month.

11



D. Transaction Costs and Credibility of Payments

For our experiment, it is extremely important to equalize the transaction costs and
the trustworthiness of the payments across periods, because a difference in the
transaction costs over the two periods can be a confounding factor of the magnitude
effect.

Several facilities were employed in order to equalize the transaction costs across
periods and to increase the credibility of the payments. The transaction costs
include the costs to collect rewards, to confirm that the rewards have been received
with correct amounts, and to remember the earnings so that they can be consumed
on the expected dates.

First, we sent reminder emails with information about the incoming amounts on
the experimental day and on all the payment dates. Subjects knew this from the
instructions, so they did not need to worry about forgetting the earnings on the
payment dates, a situation in which the expected marginal utility of the delayed
rewards might be lowered.

Second, as Andreoni and Sprenger (2012) did, we delivered our business card
and told the subjects to contact us immediately in case they would not receive a
payment on time. It increased the credibility of payments and meanwhile served as
a reminder of the payments.

Third, we asked subjects to fill in a payment reminder card with the amounts of
their rewards on the corresponding dates just after their earnings were displayed.
This served as a second reminder in case they forget to check emails.

In sum, the characteristics that one will receive a participation fee on each
payment date and that all payments will be received by bank transfer help equalize
the transaction costs of receiving payments on all dates. At the same time, the
business cards, the payments reminder cards and the reminder emails reduced the

risk of forgetting the rewards. The business cards also lowered the perceived default

12



risks. Even though the risk might still be perceived by some subjects, it should be
equal across periods since the payment tools and all auxiliary facilities were the

same.
E. Sample

Our experiment was conducted at the CentERlab, Tilburg University in
September of 2014.° 203 students of the university participated in one of the 11
sessions, 94 in the Present Group and 109 in the Delayed Group. Each subject made
42 decisions. One session took one hour and ten minutes on average. 22 subjects
got the earnings from decisions, which averaged €69.16. The overall average

earning was €17.49.
I1. Hypotheses

Most previous studies define the magnitude effect in single-reward tasks. Denote
areward z; on a sooner date t by (z;,t). In a single-reward task, a subject chooses
between a sooner reward (z;, t) and a later reward (z;,,t + T), where T > 0 is the
delay. A subject displays a (positive) magnitude effect if for all z; > 0, z; > 0
andn > 1,

(ze, )~ (Zgao t +T) = (M2, 0) < (NZg4o, t + 7).
In words, the later reward is more favorable if the amounts are scaled up.

We adapt the definition of the magnitude effect to the intertemporal allocation
task. A subject makes a choice z*(R, m) out of a linear budget set {(z;, Z;4¢): R -
Zy + Zi 4 = m}, where z* = (z/, z{,,). She displays a (positive) magnitude effect

if forallm > 0andn > 1,

6 The payment dates were in September, October and November. The fall semester in Tilburg University started from the
end of August and ended in early December. Hence the payment dates were earlier than the final exam weeks and the
Christmas vocation, which keeps our experiment from their probably large impacts on the subjects’ demand of money.

13



Zi:(R,m) < z{+-(R,mm)

m nm
and

Zi:(R,m) <Z;+T(er]m)
nm

z;{(R,m)>0=

In words, people like to put a larger share of budget on the later date as the total
budget is increased. She may fail to do so because the sooner reward is already zero.
The adapted definition is consistent with the original one, because in both cases,
options with a larger fraction of later reward become more favorable if all options

in the menu are scaled up in amount.

Hypothesis 1 (magnitude effect on budget share): Z:: is increasing in m.

We are also interested in whether the magnitude effect is affected by the presence
of a front-end delay. Benhabib et al. (2010) suggest that a fixed cost of delaying
rewards can account for the magnitude effect in single-reward tasks, since the fixed
cost matters less as the rewards are scaled up in amount. However, it is not clear if
this cost is incurred only when a present reward is delayed or if it applies equally
to delaying a future reward. We thus test whether the magnitude effect is smaller
or even non-existent if the sooner reward is also in the future.

X
ZtyT
m

Hypothesis 2 (a front-end delay leads to a smaller magnitude effect):

changes less with m in the Delayed Group than in the Present Group.

The two hypotheses above can be tested without assuming a specific model.
Conditional on finding a positive magnitude effect, we wish to explore the
channels of the magnitude effect. As long as time separability is supported by our
results, we will estimate the parameters of preferences, with the assumption that
subjects maximize a time separable utility function with CRRA atemporal utility

functions and quasi-hyperbolic discounting, i.e. subjects maximize

14



(1) U2 Ze4e) = §5t(zt +w)* + 55t+ri(zt+r + )%,
where [ is the present bias parameter, § is the daily discount factor, « is the
exponent parameter. z; and z;,, are the sooner reward and the later reward,
respectively. w is the background consumption mentally integrated with the
experimental reward when the decision is made.

When the CRRA utility function is assumed, the elasticity of intertemporal
()

()

o . . 1
substitution in consumption, e, = — , 1s equal to s (cy and ¢4 are the

consumption on the sooner date and on the later date, respectively.). Thus, the
exponent parameter, «, is a positive transformation of e.. If « = 1, the atemporal
utility function becomes linear, and the elasticity goes to infinity. In that case,
subjects just go for the largest present value, and hence rewards are perfectly
substitutable between dates. In case ¢ —» —oo, the atemporal utility function is
Leontief, and the elasticity goes to zero. In that case, subjects always divide the
total budget into two equal amounts. In general, the larger the value of «, the more
substitutable the subject considers the two rewards to be. Therefore, a is a measure
of intertemporal substitutability.

It brings several advantages to assume such a model. First, the parameters in this
model have important economic meanings. The discount factor determines the
average choice across interest rates and hence measures the patience of the subject;
if a subject is more patient, she will allocate more tokens to the later date for all
interest rates. The intertemporal substitutability of consumption between different
points in time relates to the dispersion of the choices across interest rates since it
measures how sensitive the choices are to the interest rate. These behavioral
measures are hard to estimate without assuming a model. Due to the non-negativity
constraint, choices are censored at the corners if the preference parameters are

extreme. As a result, directly measuring the average choice (as a measure of

15



patience) and the dispersion of choices (as a measure of intertemporal
substitutability) leads to biases. In contrast, the model we assume is tractable and
easy to estimate. Moreover, the model is widely used in both theoretical and
empirical applications.’

Given the model above, we test the following two hypotheses.
Hypothesis 3 (magnitude effect on discount factor): 6 is increasing in m.

Hypothesis 4 (magnitude effect on intertemporal substitutability): « is increasing

nm.

7 To address the concern about misspecification, in Appendix C, we check the robustness of our results by estimating a
model with the Hyperbolic Absolute Risk Aversion (HARA) utility function and quasi-hyperbolic discounting. The HARA
utility function is more flexible in the sense that it allows the atemporal utility function to be Increasing, Constant or
Decreasing Relative Risk Aversion. This kind of flexibility is especially important when the magnitude is varied in the
experiment. The results are the same.

16



II1. Overall Effects

A. Magnitude Effect on Budget Share

Mean Sooner Choice (propotion)

1 1.1 1.2 1.3 1.4
Gross Interest Rate = R
—— 100 tokens —-—#-== 200 tokens 300 tokens
400 tokens — =—-— 800 tokens

Figure 2. Mean Budget Share on the Sooner Date in Part I

In Figure 2 we plot the mean budget share allocated to the sooner date against the
gross interest rate, R, of each CTB decision in Part 1.8 We plot separate points for
the five magnitudes (m = €20, €40, €60, €80, €160). The budget share allocated to

the sooner date declines with the magnitude.

In our data, 28% of the choices are interior, and 62% of our subjects make at least one interior choice. This is very close

to the 30% and 63%, respectively, in Andreoni and Sprenger (2012). The relationships between the budget shares and the
interest rates are also similar.

17



The difference seems to be larger when the interest rate is smaller but still positive.
This is mainly due to censoring. When the interest rate is zero (R = 1) or the highest
(R = 1.43), most choices are at the corners for both smaller and larger magnitudes.

To judge whether there is a significant magnitude effect, we perform Hotelling’s
T-squared tests on the mean differences in budget shares between magnitudes,
taking seven choices with the same magnitude as a vector (see Table 2).” The null
hypothesis is that the means of choices are the same ac