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1. Introduction

Beginning with the model by Strotz (1956) on dynamconsistency, and the work
by Kahneman and Tversky (1979) on the Certaintgdffmany authors have shown
that individual decision-making accounts for risiddime in a non-linear fashion. The
recent surge of literature on hyperbolic discounptingues along these lines as well.
For example, Choi et al. (2003) develop a mode&iobdintary opting into 401(k) plans
by individuals when utility functions exhibit hydmlic discounting. As Laibson has
shown in earlier papers (1997, 1998, 2001), indiald with hyperbolic utility
discounting will choose self-commitment devicedirtat time-inconsistency. Other
authors have endorsed the view that revealed thgibireservation prices are not
consistent with constant period-by-period discaates. For example, Thaler (1981)
tested and confirmed three hypotheses concernebehavior of discount rates
inferred from riskless choices. His findings wesd@lows: (1) the discount rate
declines as waiting time increases; (2) the distoate decreases as the amount of
cash flow increases; (3) the discount rates arefdar losses than for gains.
Ben-Zion et al. (1989) presented a choice experirtert manipulated four scenarios:
postponing a receipt, postponing a payment, exipgdit receipt and expediting a
payment. The experiment’s results were used tddesthypotheses regarding the
behavior of discount rates (The Classical Approtul Market Segmentation
Approach, the Implicit Risk Approach, and the Addaaimpensation Approach). The
Classical Approach was flatly rejected; the Mai®egmentation Approach was found
lacking. The results support an Implicit Risk hypegtis according to which delayed

consequences are associated with an implicit aélkey they also support an Added



Compensation hypothesis, asserting that individueaire compensation for a
change in their financial positions.

Green et al (1997) present an experiment in whikljests were asked to make a
series of choices regarding hypothetical amountaafey, one immediate and one
after specified delay. They found that the degffediszounting decreased as the
amount of the delayed reward increased.

According to Read (2001), sub-additive time dis¢owghmeans that “discounting
over a delay is greater when the delay is dividéd subintervals than when it is left
undivided.” Read presents three choice experintbatsshow strong evidence of sub-
additive discounting. He found that "when a delagwlivided into three, the total
discounting over that delay was increased by arageeof 40%". This result is
inconsistent with the hyperbolic discounting. Readgests an alternative theory
using the "immediacy effect". According to thisesff individual requires a relatively
high premium for the delay itself and this premidaes not decline with time, "but
rather a one-time-only charge for delaying consuimnpt

Rubinstein (2003) argues that the evidence thattestandard constant discounting
can easily reject hyperbolic discounting as wellbRstein presents three pairs of
experiments that provide evidence against hyperlgidicounting theory. Although
the hyperbolic discounting theory predicts the sanegerence for a pair of amounts
and a sequence of amounts, human beings behageeditly. He also introduced
psychological phenomena that are not exhibitedypgibolic discount functions,
such as “middle aversion”.

The present-biased preferences, as labeled by @@hare and Rabin (1999), entail a

jump that is apparently realized in the first pdri@his may entail dynamic



inconsistencies, reversing the preference reldtipresnong alternatives as time goes

on.

This paper offers a detailed analysis of the stmacof intertemporal valuation in
individual choice behavior using an experiment#isg. The design allows for
replicating and quantifying the first-period jumpimplied discount rates,
distinguishing between sure bonds and risky laterin our experiments we find
significant jumps (or discontinuities) in the testnucture of both the pure time and
the pure risk discount rates. These latter ratslanved from individual lottery

reservation prices, after compounding bond resenvatices.

A significant discontinuity at t=0 was found foetpure time discount, calculated
from bond and lottery reservation prices, and fathtbid and ask prices, albeit the
latter is less pronounced in the case of bond® pline risk discount, in contrast, has
no significant jump around t=0. It tends to decaadily over time for bid prices,

while it stays flat for ask prices.

To further explore the nature of the discontinuig, then identify determinants of the
size of the ‘jump’ at t=0, in particular whethewdries with individual risk aversion,

or with the size of the investment (i.e. the faakie of the bond, and the amount at
stake in the lottery). We find no dependence oividdal risk aversion, and a
negative dependence of the jump on asset sizeeThsslts taken together lead us to
believe that the discontinuity is not a reflectafrthe shape of the utility function, as
suggested by the hyperbolic and other functionah$oput forward in the literature.
Rather, we advocate a new interpretation thatstsedecision dependence, yielding a
time-zero fixed effect and a constant effect aftady According to this interpretation,

choices and evaluations are made in a two-stegegue. First, spot (or time-zero)



alternatives are evaluated. Then, alternativesethiatil forward contracting are
considered (time greater than zero). In comparidenother subsequent alternatives
entail a fixed cost, which may be thought of asitiiermation costs, or other entry
costs associated with evaluating and contractmanitial claims that consist of future

payoffs. Present time alternatives do not incus¢hsosts.

The two-step procedure suggests that hyperboleodigting is relevant only for small
stakes, because for large stakes the first pemog vanishes. Experimental and other
evidence has not sufficiently addressed the istsge-dependence. The current
paper represents a first step in this directiorteNloat for small stakes, the fixed cost
hypothesis and the hyperbolic discounting hypotheske the same prediction, while
this is no longer true for (relatively) larger stak The important difference to be
stressed is that with the fixed costs explanatio& jump in the implicit discount
function cannot be attributed to the shape of tiiyfunction, but rather is caused

by features of the decision situation. Thus, thkedicosts explanation leads to
different policy conclusions from those derived enthe hyperbolic discounting
hypothesis, as discussed in the concluding sectiwie that our explanation is also

related to a decision model recently suggesteduiyriztein (2003).

The rest of the paper is organized as follows:iB8e@ presents the definitions and
hypotheses. Section 3 introduces the experimentafjd. Section 4 presents the main
results. Finally, Section 5 discusses the resultispwints to further research questions

related to the study.



2. Definitions and Hypotheses

The process of lottery discounting implicit in @der’'s reservations price is assumed
to consist of two interwoven rates, temporal distmg (time discounting) and

probability discounting. The notation used in tihgcdssion is as follows:

R.'is the pure time discount rate, up to periodit)dttery L (effective interest rate, or

yield to maturity).
Rg' is the pure time discount rate, up to periodttafoiskless bond B.

CPRs'is the current price of the future bond’s face edfurealized in t periods. GP =
Fi is an assumption we make, i.e. a bond maturingQrhas a reservation price equal

to its face value.
CP_’is the current price of the current lottery.
CR.'is the current price of the future lottery playagot periods.

The implied time discount rate for a zero coupondwith face value Bnd maturity
t is defined as the ratio of two bond values (sereation prices) (e.g; Williams

(1938):

CR

! 1/t _1
CR

RBt =(

Similarly, the per-period time discount rate faisky asset with maturity t is defined

by (e.g., Anderhub et al, 2001):

CR

t 1/t _1
CR
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There has been extensive discussion in the literatoncerning the shape of the
discount function. The current consensus assuna¢shid intertemporal discount rate
Is time dependent, i.e. varies with the distanomfthe present (t=0). An influential
formulation of the time-dependent discount functigt) was proposed by Prelec and
Loewenstein (1993), who suggested a generalizeerhgpc functional form, where

Z(t) is the discounted present value of one € fddbrecht/Weber 1995).
Z(t) = (1+R ) (1)

Note that for f(t)=t, Z(t) is the classical discodnction.

Prelec and Loewenstein suggé} = (1+aty”*, of which special cases have also

been used in the literature. Settingll leads to Harvey's (1986) formulation
f(t)= (1+t)P. plo=1 yields f(t)= (14t)* Others have suggested a quasi-hyperbolic

discount function of the form:

1 if t=0

Z(t) = { pot i tef12,.) (2)

In all these cases, the shape of the discountiumdiverges from the classical form
in that the discount factor ‘jumps’ at t=0. Aftemslg, it gradually decreases, similar to

the exponential discount function typically usedimance (Thaler 1981).

In this study, first we examine the relative pradea bond in terms of an otherwise
identical asset with different maturity. This exaation is applied to a set of lotteries
as well. The forward rate is calculated betweendates, k and w (k<w), and defined

as: R for the lottery and B** for the bond.

For example, the forward rate between period 1pemobd 4 for the lottery is



CI:)I_:L 1/3

R 41 =
L (CPL4

1
—1, and for fixed bond payoffs it is g&* :(% vs_q.
B

One formula that yields a hyperbolic discount fiumttfor a given lottery is

CR,_ 1

(CPLO T A+ A)

®3)

wheref, 0<3<1, is the constant rate for one period.

The current analysis uses a slightly more generatidlation that allows determining
the extent of the jump in t=0 separate from theelof the discount function after t=0.

This “jump discount” function is described by eqaat(4):

CP'. _ 1
CP° A+ a)1+ )P

( (4)

wherea is the rate for the first periofl,is the constant rate for one period except for

the first period, and> 3. The case o&=f yields the simple financial function. In the

. CP; : "
case of bonds, the latter is given (%'P—%) . We are now in a position to formulate
B

the first hypothesis, which replicates resultsha literature.

Hypothesis 1 The difference in prices between period zero perod 1
exhibits a significant jump, which can be reflectea very high spot discount

rate at time zero (Jump discount).

This jump compensation for the delayed current arhoulottery from time zero to
time 1 can be associated with two known behavieffacts. The first is the status-quo
bias (Samuelson and Zeckhauser, 1988), meaningubgcts ask for high

compensation for changing their state from curaetibn to future action. This
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explanation is also consistent with Read (2001) sdnggests that individual requires
a relatively high premium for the delay itself ahés premium does not decline with
time. Getting the payment in the future periodeastof today may involves other
cost such as planning travel cost and the neeghtember to collect the future
payment (Green et al (1997)). The second is then&aan and Tversky (1979)
‘certainty effect’. According to this effect, dglag a reward is risky because it
increases the possibility that something will preveayment (e.g., Stevenson 1986,
Green and Myerson 1996, and Myerson et al. 2008)tét the hypothesis using both
bid and ask prices for both bonds and lotterieseBaipon the literature, we test
whether delayed rewards are seen by investorslkas possibly because delaying a
reward may increase the expectation that some esden event will prevent the

payment from being realized.

The next hypothesis relates to individual risk ai@r. We want to test whether the
size of the jJump in the discount function is retate risk aversion on the part of the
investor. A positive relationship between risk aw@n and the size of the jump will
indicate that the latter involves a compensatiarstatching payoffs from the present

to an uncertain future.

Hypothesis 2The initial jump in the discount function is po&ely related to

the investor’s risk aversion.

Next we test the dependency of the jump in theadistfunction on the size of the
asset’s face value. A negative relationship betweep size and asset size suggests
the existence of a fixed cost responsible for timeg in the discount function. Such a
fixed cost may be rationalized by information cast®y monitoring costs that are

positive but independent of the properties of et This leads to Hypothesis 3.



Hypothesis 3in the cross section, the jump of the discounttfan is

inversely related to the face value of the asset.
A possible formulation of such a model is as fokow

Let X be the payoff of a time-zero asset, and (&) Be a fixed compensation which
depends on X, and incurred if the asset pays @ffature date T. Let i be the market

interest rate of asset. Then we can approximateetiigred yield of the asseff) as

(5)

eh =Tt

We can easily see that the required yield of tisetasses in F, and it decreases at the
payment date T. For example, if F(X) is a consfant dependent on X), subjective
bid reservation prices will yield a decreasing tetmucture of effective interest rates,
giving the appearance of a hyperbolic functional tdowever, by construction, the
term structure of reservation prices in this examgplcorrectly described by including

a jump at t=0.

If F(X) is linear with X the required yield of thesset is independent of X and there is

F(X)

no magnitude effect on the discount factor. In pttases wherex— IS

a decreasing function of X we will have a magniteffect where the discount
function will decline with the magnitude (Loeweriat& Prelec (1992) , Green et al

(1997), Chapman & Winquist (1998)).

For a given sum one could consider the jump asyparbolic function with
magnitude effect, however the hyperbolic approasume (Mazur formula) that
the process continue for later periods, whereuh®jdoes not specify any
functional form. There is no need to add to theguany specific discounting form

such as hyperbolic. And in fact there was no furthecounting between the latter
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periods.

The next step is to determine the pure risk premamd to estimate its term structure.
Of particular interest is whether the pure riskcdimt rate also exhibits a jump in its
term structure. When the payoff is certain, athécase of bonds, their reservation
pricesCP can be estimated from observed bid prices, yigldim effective rate g

F F

CP = -t
° 1+Z @+R)

(6)

where Zis the discount rate for a sure payoff in perioahid R' is the one period

risk-free effective discount rate (or yield to maty). If F*; is a random lottery payoff
with expectation E(R}J = R, the current pric€€P' can again be estimated from

observed reservation (bid) prices. In order toneste the functional form of the
discount function, we express the ratio of theenirprice of the bond and the lottery
as the product of the present risk premiuand the intertemporal risk discount réate
Of course, if the risk of the lottery is taken imtonsideration only oncéz=0. In this

case the lottery reservation price is set as aiogytequivalent:

P’(_ Ft _ Ft
b +Z)(1+A) +RY@A)

(7)
Equation (7) assumes that the substitution rated®at present values of the bond

payoff and the lottery payoff is constant, yielding

CP,
CPR/

= (1+2) (8)

In contrast, if the reservation price is describga constant per-period price of risk,

we get

CP;
. =
L

A+ A)*@1+06)™ 9)
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The critical question is, which of the two expressi applies, and whethiers, i.e.,
whether the reservation price adjustment for @fgtplayed in t=0 is of the same

order of magnitude as a lottery played at a laé¢e.dThis brings us to Hypothesis 4.

Hypothesis 4The risk premium, i.e., the rate of substitutietween bond
reservation value and lottery reservation valuangependent of when the

lottery is played.

We use the following equation to estimate the ddpeay of the pure risk premium

on the maturity of the lottery.

CPR;
CP

Ln(—2) = Ln(l+ A) + a*t* Ln{L+ &) (10)

Next, we compare the two sets of rates (bond atter{9 with one another.

Hypothesis 5The time discount rate for a given lottery is lowean the time

discount rate for a bond of equal maturity.

0 0
According to Hypothesis 5, |R= Rg', or that(CF)Bt ) > (CF)Lt :
CP, CR

Furthermore, letig anda, be the alphas from equation (4) for bonds anefiets
respectively, and Itz andp, similarly be the betas from equation (4). Then,
Hypothesis §) implies thatog > o andpg > ..

We suggest three alternative explanations to hgsigh(5), as follows:

(1) Consistent with Keren and Roelofsma (1995) Ahitbrecht and Weber (1997),
implicit discounting for uncertainty overlaps wielay discounting, and therefore
reduces the final level of the delay discount rdfe.assume that this effect holds not

only for choice tasks (as tested by Keren and Remla, and by Ahlbrecht and

Weber), but also for evaluation tasks.

12



(2) An alternative explanation is the “certaintfeet”, which was presented in the
prospect theory (Kahneman and Tversky, 1979). Atingrto this effect, when an
outcome is certain and becomes less probables ia lgreater impact than when the
outcome was merely probable before the probabilgyg reduced by the same amount.
Delaying rewards is risky because delaying a rewaneases the possibility that
something will prevent payment (e.g., Stevensor61@8een and Myerson 1997, and
Myerson et al. 2003). Since a delay is similareucing probability, it affects bonds
more than lotteries, because of the “certaintycgffemplying a larger time discount
rate.

(3) Another explanation is the anticipation efféittis effect (Loewenstein 1987)
describes additional utility (disutility) associdteith delayed consumption of
desirable (undesirable) goods. The notion of graitciry emotions has been studied
by Elster and Loewenstein (1992), who define sanpas the positive utility derived
from anticipating a desirable outcome, and dreatiaslisutility derived from
anticipating an undesirable outcome. In the gamaia, anticipation may be a source
of positive utility, causing individuals to expermiee the hedonic utility of the future
prospect in the current period. These emotions aks@studied by Caplin and Leahy
(2001, 2004), who extend expected utility theorgitaations in which agents
experience feelings of anticipation prior to resiolu of uncertainty. They
demonstrate that these anticipatory feelings msyltrén time inconsistency and
provide an example from portfolio theory to ille the potential impact of

anticipation on asset prices.

Delaying a lottery can be an example of anticipabbplaying or winning a gamble.
An example from real life situations can be seeth@énumber of subjects who

13



participate in national lotteries even though thay more than the lottery’s expected
outcome. The potential feeling of being rich utti# lottery is completed (anticipation

effect) leads to a lower time discount rate foribgythe lottery.

3. Experimental design and data

Two experiments were conducted.
Thefirst experiment.

The participants in the experiment were 64 undelgate students of econonicshe
computerized experiment took place in a computasriaory at Ben-Gurion

University, and lasted approximately one hour.

First, the subjects read the instructigriscluding examples, and then the
experimenter answered questions. In the instrustisubjects were told that the assets
were to be sold and bought from them using a sepoicd auction. In the case of a
buying auction, the subject with theghestbidding price will win the auction, but

will pay thesecond highediidding price in the group participating in theeadon. In

the case of a selling auction, the subject withakestasking price will win the
auction, but will receive theecond lowestsking price in the group participating in
the auction.

The auctions were presented in a random orderdwl @any order effect (with the
exception of auction 1, which was used for riskiade measurement). We asked the

subjects: (a) to bid the maximum price they ardinglto pay (WTP) today for a

! The students were from Ben-Gurion University, BBkeba, Israel. In the discussion in Section 5 of
the paper, we also refer to experimental sessiamatr Frankfurt (Germany)’s Goethe University; see

Benzion and Krahnen (1997: Hyperbolic discountengalternative explanation, mimeo).
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lottery and a sure amount at different times, @ogto ask the minimum price they
are willing to accept today for a lottery and aesamount they own at different times
(WTA). In each auction, subjects received an ihlielance. In the case of selling
problems, the subjects owned the initial balancktha lottery or the sure amotint
Each problem was presented separately, and subjestgered one problem at a time.
This procedure was carried out to avoid the polésiloif subjects returning to their
previous answers while answering the current prable

The subjects were told that at the end of the exjaart, the computer program would
randomly divide them into groups of five subjedising the second-price auction, the
five subjects in each group compete on buying afithg the assets.

To provide concrete incentives, we told all subjebtt bne of the problems will be
randomly selected (at the end of the experimertt)that we will pay them according
to their final balance at the due date, i.e., atattual date when the bond matures.
This date may be several weeks after the experahsession. Subjects were asked to
return to the experimenter on or after the due ttatecoup their money. For
example, if the subjects won a lottery to be playetin four weeks, the pay day was

four weeks after the experiment.

The extra effort to collect the money is one pdssilactor, which affect the

compensation required by individual and the jumpwiver, in our experiment all the
subjects were student in the university duringrdgailar academic year and the extra
cost of time is rather small. The effect of forgejtsuggested by Green et al (1997) is

also a factor. However, in our experiment this@ffe not very significant as we

% Translated instructions to Ipeovided upon request

% In order to avoid an income effect in the selligblems, the subjects’ initial balance was lower

than in the buying problems. We reduced the init@hnce in these problems by 70, the lottery’s

15



promised to call (send a SMS or mail) the studenihe payment date.

Description of the assets

The assets presented in the first experiment aeritéed in Table 1.

The lottery pays 100 with a probability of 60%, &flotherwise (the expected payoff
is 70), and the bond face value is 70, the santieeasxpected value of the lottery.

The auctions included current bid and ask pricepffiesent and future assets.

<|nsert Table 1 about here>

Subjects’ risk attitude.

Risk aversion was measured by using the ratio etWETP and the expected value
of a lottery, in accordance with Kachelmeier anél&tta (1992), Anderhub et al.
(2001), and Holt and Laury (2002).

The lottery used to measure risk aversion paysi80ayprobability 70% and 30
otherwise; it thus differs from the lotteries iretbther sessions. This lottery’s

expected value E(L) equals 65.

The risk aversion Index RA is defined as followsg#&nderhub et al. 2001, and

Krahnen et al. 1997 for a discussion of this measiirisk aversion):

A= E)-WTR
E(L)

The second experiment.
The second set of experiments was carried outaaiffurt University. Subjects were

asked to specify their reservation price (“quotdsri)either buying or selling a zero

coupon bond maturing at a specified date in theréutEach decision (“round”) is

expected value.
16



treated separately, and there is no carry-over fsoewround to the next. If a task
consists of purchasing the security, the subjeehdowed initially with a sufficient
amount of cash; if the task requires selling treisgy, the subject is endowed with
one unit of the bond. Subjects had to specify treservation values for a series of 19
bond transactions, involving purchase and sale#etions. Subjects also performed
some additional tasks related to the purchaseonfrigies with uncertain payoffs

(lotteries), but this paper refers to the bond pase transactions only.

The face value and the term of the bonds were daaedomly across sessions and
subjects. Terms were between 15 days (minimumB&fddays (maximum). Face
values ranged from a minimum of 200 monetary yiMtid] up to a maximum of 920
units. The tasks were presented on a computerrs@ad subjects had to type in their
respective reservations values.

No interaction between participants was allowece fihal payoff was determined by
randomly selecting one round. For inducing revetatf individual reservation

prices, we relied on Becker et al. (1964). A randammber was drawn from a

uniform distribution spanning the interval betwdxmd face value minus 50% and
bond face value. This number is the relevant tretisaprice of that round. If the
subject’s task was to purchase [sell] the specbiead, the exchange of money
against the bond became effective if and onlyefdlote entered by the subject, i.e.,
the reservation price, turned out to be above {lbEtbe transaction price. Each
subject received the monetary equivalent of thedborhis or her possession, plus the
remaining cash. The exchange rate of Monetary UmitsDeutschmarks was 20:1.
Payoff in cash was effective immediately after¢ie of the session, while bonds

were paid out only at the actual maturity of theeas

We conducted four experimental sessions with d adt47 participants, yielding 47

17



independent observations of 19 variables. Subyeete always offered the
opportunity “to opt out”, i.e. to refuse to ansvegry single question. The opportunity
cost of not complying with a specific task was as@@ond waiting period before the
next task was presented to the subject. To linsitinfpact of typing errors or
misunderstandings on the results, we eliminatedadlles that differed by more than
1.5 standard deviations from the mean of each bigfiaThere were 59 such
observations in the data, equaling 8.6 % of oua gaints. Table A-1 (Appendix A)

summarizes all bond valuation tasks in the twoieassf the second experiment.

The session for experiment 1 were carried out iy RE02 at Ben-Gurion University,
Israel, while the sessions for experiment 2 werdexhin October 1996 at Frankfurt

University, Germany.

4. Main Results.

We start with Hypothesis 1. Table 2 presents thevdad time discounting for the

bond and the lotteries in experiment 1.

<Insert Table 2 about here>

Using the Wilcoxon Signed Ranks Test, we find thdioth assets and in both
positions (i.e. buy and sell), the jump rate ig@xtely high (the rate between current
time to week 1) and significantly different (p-valg 0.05) from the forward rates of
the next periods (1 to 4 weeks and 4 to 8 weekws.férward rates do not different
significantly from each other. These results amsient with hypothesis (1).

We next run a regression analysis for each as®ztdh position, estimating equation

(11):

“ All observations are in the interval of 90% undestandard normal distributiop { 1.645,
18



R =& + &'ty + &> + &*RA (11)

where,

t1, t— are dummy variables for a duration of one weekfanr weeks, respectively.

Since i, t,, t 3, and the dummy variable for 4 weeks to 8 weekdiagearly related,
variable § is excluded from the regression.

2 — is the discount rate for 8 weeks.

RA — is the risk aversion index.

The results are presented in Table 3.

<|nsert Table 3 about here>

The regression confirms the jump discount for tret tveeks (g and the lower

discounts for the following weeks, which do nofeliffrom zero.

Column 5 in Table 3 shows that the coefficientisk aversion (a3) is insignificant in
the case of lotteries, and mildly significant famiols. For the case of bonds we find
the same result as Anderhub et al. (2001), whoddugher discounts for subjects

with higher risk aversion, in line with Hypothe&is

We now turn to Hypothesis 3, the effect of sizelmdiscount rate. This question is
important for our analysis because it is an inditest of the fixed cost hypothesis. To
conduct the analysis, a minimum of variation acessset nominal values and asset
terms is needed. For this reason we include thenskeexperiment, as described in
section 3. Given the variety of face values antunitges present in the data from the

second experiment (see Table A-1 in the appendi);an use a multivariate

u+ 1.64%).
19



regression to isolate the effect of asset sizefaae values of bonds, on individual

reservation prices.

Table 4 shows implicit interest rates accordingdaation (12), where T is a vector of
maturity dummies, ranging from two weeks up to pear (see appendix), and Beta
(B) is the size coefficient. We are interested inghape of the term structure and the

existence of any size dependence. The resultsiarmarized in Table 4.

|n[%‘%:'“ej — o+ BIn(sizd + 7T (12)

<Insert Table 4 about here>

Table 4 shows two interesting results. First, ike soefficient is negative and highly
significant (p<0.01), suggesting that the time dist rate, after controlling for term
differences between bonds, is negatively relataleécnominal value of the claim. The
higher the face value of the bond, the smallenésdiscountate (not necessarily the
absolute discount). Second, after controllingtifier asset size, the discount rate for
different periods is effectively flat, consistentimthe idea that the hyperbolic shape
of the discount function is due to a fixed effectime zero for time periods above 30
days. Above 60 days, the implicit discount ratetihates moderately around 10%.
The coefficients for period 4 to 7 are highly sigrant. The coefficient for period 2
(16-30 days) is 21%, but is insignificant due t@évariability. The estimated
coefficients for periods 2 and 3 are neither sigaiftly different from each other nor

from zero.

Finally, the fixed termy, which is intended to capture the impact of adikerward

charge, differs significantly from zero with a meaaiue of 0.16.

We now turn to Hypothesis 4. The risk premium geipendent of when the lottery is
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t

played. Table 5 presents the average prices argutisitution rates%-l.
L

For the valuation of the bond at t=0, we assumalaation discount of zero, and we
thus take the hypothetical buy price to equalatefvalue.
<Insert Table 5 about here>

Once again, we use regression (see equation 83ttavhether the substitution rate

P . . .
Bt -1 is dependent on the asset realization timerevty®,1,4,8.
L

We run the regression separately for buying arlchgel

The results are:

For purchase decisions (see equation (10))

t
EEE:) = 0.253- 0.012*t {R-square = 0.01, p=0.16) (13a)
L

Ln(

(0.00) (0.159)

For sell decisions ((see equation (10))

t
CPB) =0.353-0.013*t {R-square = 0.01, p=0.14)  (13b)

Ln
(CPLt

(0.00) (0.14)

In both regressions, the coefficient of the realmatime does not differ from zero,
implying that adjustment for risk happens only oaod is independent of the overall

term of the security. This is consistent with Hypexis 4.
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We now turn to Hypothesis 5, which claims thattihee discount rate for a given
lottery is lower than the time discount rate fdyaand of equal maturity.
Table 6 summarizes the weekly discount rates ftr hesets and both trade

directions, buys and sells. The comparison relrethe Wilcoxon Signed Ranks test.

<|nsert Table 6 about here>

The table shows that for purchases, the lottergskly time discount is lower than
for bonds. However, for the selling position we gapt able to reject the hypothesis
that the lottery’s time discount equals the boruge discount. Thus, Hypothesis 4 is
confirmed for sell but not for purchase decisioAspossible interpretation is that the
three effects mentioned when discussing HypotHesis. implicit discounting
overlapping with delay discounting, the “certaieffect” and the “anticipation

effect”, are only relevant for the buying positiand not for the selling position.

5. Summary and conclusions.

The discounting rate for uncertain delayed rewamsbines time discounting and
probability discounting, with probability discoungj corresponding to the risk
premium. To estimate the risk premium from our data use the bid and ask prices
for a current and future lottery, and compare thenhe price of a current and future
bond with the same maturity. Bid and ask pricesuin, are elicited from a second
price auction in a computerized experiment, ushegBecker-DeGroot-Marschak
mechanism. It is important to mention that all datthis paper refer to preference

elicitation, and are not market prices or equilibrioutcomes.

We show that the substitution rate between the Ippesent values and the lottery

present values is constant, implying a one-timesidjent for risk, independent of the
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maturity of the security. Comparing the bids fonlds and lotteries, we observe a
significant jJump between the current price (timeoz@nd the next period (period 1),
and a relatively small change between prices ar la¢riods. This observation is true
both for bid and for ask positions. The jumps iitgs translate into high first period
(implicit) discount rates, and into relatively lamd stable (implicit) forward rates.
Our findings to this point are consistent with Earbbservations in the literature
referring to hyperbolic discounting. Using additbdata from a second experiment,
we find that the jump discount is negatively redatie asset size. This finding,
however, is clearly not consistent with the conadptyperbolic discounting. Thus, if
discounting were to obey the idea of a hyperbakcalint function, the jump
observed in reservation prices between period aedoperiod one should be
independent of the face value of the bond, andpedédent of the expected payoff
from the lottery. This, however, is not what weridu What, then, is a possible
explanation for the jump? We base our interpretabio the observed negative size
dependence. The pattern of bid and ask prices\wdxsan our experimental sessions
Is consistent with the presence of a fixed decismst effect, i.e. a lump sum cost
incurred by the decision-maker at the moment whituré claims are evaluated. A
lump sum cost is due to a general characteristecdgcision situation involving
future choices, e.g. the fact that evaluation tdrahtives implies a relatively more
complex analysis. The increased complexity may ma&ry dimensions concerning
the effort of labor needed to prepare and undettadkelecision, including the
difficulty of assessing possible outcomes, the tifieation of a suitable benchmark,
the consideration by the decision-maker concertheg-hances of survival until

maturity, and so on.
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Nevertheless, to be consistent with a fixed cdstrpretation, the cost incurred by the
decision-maker must be related to the choice betyweesent versus future claim, and

it must be unrelated to the amount at stake (e the asset).

When holding the amount of the asset constankeal ftost of switching from a
decision setting with current choices to anothéirsgwith future choices yields a
per-period discount rate that is inversely reldtethe maturity of the asset. Laibson
(1997) has argued that it will always be possiblétta hyperbolic or a quasi-
hyperbolic discount function to the implicit disecduates, provided they are

downward sloping (see also Angeletos et al. (2001this).

The presence of decision costs has been discussedark by Smith & Walker
(1993), who give several examples of experimerttaliess where the omission of
generic decision costs leads to biased resultsbiseis found to disappear if stakes
get high enough to outweigh decision costs. Theoissistent with our finding of a

diminishing first period jump in the implied disaturate if payouts rise.

The difference between our interpretation of thecfional form of the implied
discount rates and the prevailing view in the #itare is not only a matter of taste.
Rather, it has relevant economic implications.tFirsthe fixed cost interpretation
that we favor, the jump disappears if asset sitelgege. In economic terms, if we
focus on institutional investors who manage largeds, and whose individual
transactions are commensurate to their holdingsdiffierence betweendh, and i

may be negligible (see equation (5)). Second, atlurespect to financial markets,
most if not all financial transactions relate tgltélow streams that are entirely within

the realm of future payments. Thus, all calculatiand comparisons refer to points in
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time that are no longer affected by the fixed @gument, i.e. in periods where the

implicit discount function has its usual shape.

Third, our fixed cost interpretation still leavgsem the question of where the fixed
cost comes from. There are several observatiotigifiterature that fit our
interpretation, including Tversky’s “certainty efté (1977), and the explanation in

Keren and Roloefsma (1999), or in Rubinstein (2003)

Fourth, finding out more about the determinanttheffixed cost effect is an
important research agenda, the results of whichalgb shed light on the role of the
institutional environment in fixing the level of dsion costs. We conjecture that the
emphasis on dynamic inconsistency in much recenkt wo hyperbolic preferences

may be augmented by an emphasis on lowering deatsists for individuals.

For example, Angeletos et al. (2001) argue thétyutunctions that give rise to
hyperbolic discounting will lead to (too) high ifitedness via expensive credit card
accounts. In contrast, our alternative interpretasitresses the way financial products
influence individual decision costs. Thus, whiledit card accounts are specifically
designed to keep individual decision costs lowteghg allowing households to
increase indebtedness with no discernable inciegsiecision) costs, the opposite is
true for a classical collateralized bank loan. t¢enwe expect households with credit

card access to accumulate a disproportionate anodwnédit card debt.

The findings of this paper need further analysshlexperimental and empirical. On
the experimental side, a detailed investigatiothefdecision cost function is
warranted to enhance our understanding of costrdetants. On the empirical side,

the relationship between the type of decision sibnaor its framing, and the derived
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form of the decision cost function may be analya&ti data from financial product

markets.
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Tables

Table 1: The assets in the experiment

Asset Payment Realization Expected
Time Value
Today Today 70
Today 1 Week 70
Lottery
Today 4 Week 70
Today 8 Week 70
Today 1 Week 70
Fixed sum Today 4 Week 70
Today 8 Week 70

Table 2: Forward weekly time discount of lottery and bond.
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Position Period Bond (Rs"¥) | Lottery (R
Current To 1 Week 0.38 0.15
(V?/EJI')IID) 1 Week To 4 Weeks 0.02 0.01
4 Week To 8 Weeks 0.02 0.02
Current To 1 Week 0.20 0.19
Sell 1 Week To 4 Weeks 0.01 0.01
(WTA)
4 Week To 8 Weeks 0.02 0.02

Table 3: Regression analysis of forward discount rate for different time periods and

risk aversion.

Position/asset o a a as R Square

Buy Lottery 0.001 0.13 -0.006 0.11 0.08
(0.97) (0.00) (0.872) (0.16) (0.001)

Sell Lottery 0.06 0.159 -0.008 -0.187 0.05
(0.24) (0.02) (0.89) (0.19) (0.02)

Buy Bond -0.013 0.336 0.034 0.315 0.09
(0.85) (0.00) (0.71) (0.08) (0.00)

Sell Bond 0.011 0.157 -0.015 0.214 0.14
(0.73) (0.00) (0.72) (0.01) (0.00)

2 Significance levels (p-values) are in brackets.

Table 4: The effect of size and time on the jump function.

Variable Coefficient p(Coefficient)
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Constant 16 <.001
In(size) -.02 .007
Time dummy 16 - 30 21 .25
variable 31 - 60 10 18
61 - 120 A2 .002
121 - 180 .09 .0002
181 - 270 A1 .000
271 - 360 .09 .000

 Reservation prices from bond purchase quotes s@d to estimate average implicit discount rates
over different maturities according to equation)(12

Table 5: Bidding prices and substitution rate betwen bond and lottery prices

Position Realization Lottery Bond CP;
Time (CP.Y (CPg" cP
Spot 53.9 70 0.42
Buy 1 Weeks 48.7 58.6 0.35
(WTP)
4 \Weeks 48.7 55.9 0.31
8 Weeks 46.1 53.4 0.36
Spot 51.7 70 0.54
Sell 1 Weeks 48.2 62.15 0.54
(WTA)
4 \Weeks 49.2 61.18 0.54
8 Weeks 46.7 57.56 0.43

Table 6: Bond and lottery time discount.

Position Period Re' R Wilcoxon Signed Ranks Test.
Z (significance)
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1 Week 038  0.15 1.96 (0.03)

(VI\BIEJI}IID) 4Weeks  0.08  0.04 2.95 (0.00)

8Weeks  0.04  0.03 2.22 (0.01)

1 Week 02 019 0.94 (0.17)

Sell 4Weeks 005  0.03 1.34 (0.09)
(WTA)

8 Weeks 0.03 0.02 1.12 (0.13)

Appendix A (data sets from second experiment (1997, Frankfurt-Germany)

U7

Maturities Face values of bonds purchase tasks Observationg
200 | 290| 410, 500 530 650 730 810 90
15 4 7 8 47 - 3 6 4 9 88
30 3 11 - - 6 - - 20 - 40
60 - 10 43 3 8 - 9 - 79
90 11 6 - - - 3 - 10 8 38
120 - 4 10 - 14 - 10 15 3 56
150 7 4 4 - - 4 4 - - 23
180 80 12 - 44 - 13 5 4 - 158
210 3 - 3 - 6 10 2 - 26
240 12 6 5 - - 10 7 - - 40
270 - - 7 - 12 2 8 - 4 33
300 2 - 3 - 4 - - - 7 16
330 - 10 - - - - 7 - 4 21
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360 - 4 8 43 11 - - - - 66
Observations 128 64 58 177 56 53 49 64 35 684
Outliers
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