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Abstract

Intertemporal choice involves outcomes that are received in different moments of
time. This paper presents a new framework for analyzing intertemporal choice as a
tradeoff between the cumulative payoff of a stream of intertemporal outcomes and
its average delay (similar to the mean—variance approach in modelling risk prefer-
ences). Ceteris paribus, a decision maker prefers a stream of intertemporal payoffs
with a higher cumulative payoff and a lower average delay. A decision maker with
such time preferences always dislikes a partial delay in consumption (splitting one
payoff into two, one of which is slightly delayed in time). In contrast, many exist-
ing models (e.g. discounted utility, quasi-hyperbolic discounting, generalized hyper-
bolic discounting or liminal discounting) imply a preference for partial delay. Our
proposed model is compatible with the common difference effect (corresponding to
a horizontal fanning-out of indifference curves) and the absolute magnitude effect
(corresponding to a vertical fanning-in of indifference curves). The proposed model
is applied to the standard consumption-savings problem with a constant interest rate.
A simple experimental test of the proposed model vs. discounted utility and quasi-
hyperbolic discounting is presented.

Keywords Intertemporal choice - Time preference - Cumulative payoff - Average
delay - Temporal tradeoff

JEL Classification D15

1 Introduction

Intertemporal choice involves outcomes that are received in different moments
of time. It arises in many economic situations such as consumption/savings deci-
sions, financial investment, education planning and career choice, dynamic games
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and bargaining etc. Samuelson (1937) proposed a classic model of time preferences
known as discounted utility or constant (exponential) discounting. This model gained
momentum in economics after Koopmans (1960) provided its axiomatization. Dis-
counted utility of a stream of intertemporal payoffs is given by the exponentially-
discounted sum of utilities of its payoffs.

Thaler (1981) argued that a decision maker may prefer to consume one apple
today over two apples tomorrow and have a reversed preference when both con-
sumptions are delayed for one year. Such time preferences cannot be rationalized by
discounted utility. This descriptive limitation of discounted utility became known as
the common difference effect (Loewenstein and Prelec 1992). It motivated the devel-
opment of numerous generalizations of discounted utility. These include, infer alia,
quasi-hyperbolic discounting (Phelps and Pollak 1968), generalized hyperbolic dis-
counting (Loewenstein and Prelec 1992) and liminal discounting (Pan et al. 2015).
Yet, these generalizations, like discounted utility itself, share a common counter-
intuitive property: splitting one intertemporal payoff into two payoffs, one of which
is slightly delayed in time, may increase overall utility.

Blavatskyy (2015) gives an example of a decision maker who chooses between
receiving two million dollars now and receiving one million dollars now as well
as one million dollars at a later moment of time. If this later moment of time is
sufficiently close to the present moment, a decision maker with a concave! utility
function prefers the delayed split payment due to Jensen’s inequality. As Baucells
and Sarin (2007a, 2007b) put it: ... we would like the intertemporal models to sat-
isfy ... local substitutability: as the time distance between periods becomes small,
the marginal rate of substitution should approach one. Otherwise, a receipt of two
dollars, as compared to one dollar now and one dollar a bit later, could produce a
utility jump.” Blavatskyy (2016) proposed a generalization of the present discounted
value—rank-dependent discounted utility—which cannot increase when one payoff
is split into two payoffs, one of which is slightly delayed in time.

This paper presents a new framework for analyzing intertemporal decision mak-
ing. Any stream of intertemporal payoffs can be characterized by two objective sta-
tistics: its cumulative payoff and its average delay. A cumulative payoff is a desir-
able attribute and an average delay is an undesirable attribute. A decision maker,
who decides over time, trades off the cumulative payoff of a stream of intertemporal
outcomes against its average delay according to her subjective time preferences. A
very patient decision maker opts for a stream of intertemporal payoffs that yields
the highest cumulative payoff. A very impatient decision maker opts for a stream of
intertemporal payoffs that yields the shortest average delay. Our presented model of
intertemporal choice is similar to the mean—variance approach of Markowitz (1952)
for modeling risk preferences in financial decision making.

! Similarly, Blavatskyy (2018) shows that when one payoff is split into two payoffs, one of which is
payed slightly sooner, a decision maker with an additively-separable utility (e.g. discounted utility, quasi-
hyperbolic discounting, generalized hyperbolic discounting or liminal discounting) and a convex utility
function prefers the delayed unsplit payment.
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Scholten and Read (2010) were the first to consider a tradeoff between differences
in valued outcomes and differences in weighted delays. Read and Scholten (2012)
extended the model of Scholten and Read (2010) and characterized a sequence of
intertemporal outcomes by its cumulative payoff (exactly as in this paper) and its
adjusted delay. The average delay considered in this paper is a special case of the
adjusted delay (the weighted average) in Read and Scholten (2012). The model of
Read and Scholten (2012) overlaps with the model presented in this paper when
the adjusted delay in Scholten and Read (2010) is the weighted average and utility
function that integrates cumulative payoff and average delay in this paper takes a
specific form proposed by Scholten and Read (2010). Scholten et al. (2016) consider
a different adjusted delay where time periods are weighted by cumulative utilities of
outcomes.

Manzini et al. (2010) proposed another model of multi-criteria decision mak-
ing over time. In their model, a decision maker first compares streams of inter-
temporal outcomes according to their discounted utility. If one stream is far supe-
rior than other streams in terms of discounted utility, then it is chosen straight
away. If all streams are similar in terms of discounted utility, a decision maker
decides according to the second criterion. This criterion is assumed to be one
prominent, possibly context-dependent, attribute (e.g. either outcome or time
dimension).

Rubinstein (2003) proposed a three-stage procedure for intertemporal choice
that closely resembles the similarity approach of Rubinstein (1988) developed
for choice under risk. In this procedure, a decision maker first checks for tempo-
ral dominance: if one alternative yields a larger monetary outcome at an earlier
moment of time, then this dominant alternative is chosen straight away. If neither
alternative dominates the other, the decision maker checks if the two alternatives
are similar either in temporal or in outcome dimension. If the two alternatives are
similar in the temporal dimension but not in the outcome dimension, the alterna-
tive with a larger outcome is chosen. If the two alternatives are similar in the out-
come dimension but not in the temporal dimension, the alternative with a shorter
delay is chosen. If the two alternatives are similar both in the temporal and in
the outcome dimension, then a decision maker decides according to another (not
specified) criterion.

The remainder of the paper is organized as follows. A model of intertemporal
choice as a tradeoff between cumulative payoff and average delay is presented
in Sect. 2. Section 3 illustrates that time preferences in this model are mono-
tone with respect to advanced payments (unlike in discounted utility theory and
many of its generalizations). Section 4 shows that the common difference effect
implies a horizontal fanning-out of indifference curves in our proposed model.
Section 5 shows that the absolute magnitude effect implies a vertical fanning-
in of indifference curves in our proposed model. Section 6 presents an applica-
tion to the standard consumption-savings problem with a constant interest rate.
Section 7 presents an experimental test of the proposed model vs. discounted
utility and its popular generalization—quasi-hyperbolic discounting. Section 8
concludes.
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2 The framework

A vector xd; (X9, X1, ..., Xp) € RJTr“ denotes a stream of intertemporal payoffs
x,€R that a decision maker receives in moments of time r€ {0, 1, ..., T}, for some
T> 1. Payoffs are numbered in a chronological order so that =0 denotes the present
moment of time and #<s denotes the moment of time 7€ {0,1,...,7} that precedes
the moment of time se {1, ..., T}. We consider objective time though the frame-
work could be adopted to a non-linear subjective time perception (cf. Bradford
et al. 2019). The cumulative payoff of stream x € RI“ is given by

T
CPx) =)' x, (1
=0

The average delay of stream x € RI*!is given by

Xt

T
AD(x) = 2
(x) Z; TN )

The average delay of a stream is the sum of all moments of time, at which the
stream yields positive payoffs, weighted by the corresponding payoff’s share in
the total cumulative payoff of the stream (over all moments of time). A stream that
yields only one positive payoff x,>0 at moment of time ¢ has the average delay of .
For simplicity, we assume that the stream (0, O, ..., 0) that yields no positive payoffs
has the average delay of zero.

Ceteris paribus, a decision maker prefers a stream of intertemporal payoffs
with a higher cumulative payoff and a lower average delay. In other words, tem-
poral preferences are represented by a real-valued utility function U(CP(x), AD(x))
that is increasing in the first argument and decreasing—in the second argument. We
assume that such function U(.,.) is continuous and differentiable. Utility function
U(.,.) can be represented with upward sloping indifference curves on a Cartesian
plane where cumulative payoff of streams is plotted on the vertical axis and the aver-
age delay—on the horizontal axis (cf. Fig. 1).

Fig. 1 Indifference curves in the Cumulative payoff CP
CP-AD plane K

- Average delay AD
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Fig. 2 Indifference curves of a Cumulative payoff CP
very patient decision maker (no

intertemporal discounting) 0

Average delay AD

Figure 2 shows indifference curves of a very patient decision maker who opts for
streams with the highest cumulative payoff (no intertemporal discounting). Figure 3
shows indifference curves of a very impatient decision maker who opts for streams
with the shortest delay. Our model of time preferences as a tradeoff between cumu-
lative payoff and average delay is similar to the mean—variance model of risk pref-
erences as a tradeoff between expected value and risk, as measured by variance or
standard deviation (Markowitz 1952).

3 Advanced payments

Let us consider three streams of intertemporal outcomes. Stream A yields outcome
x>0 now (and nothing in all other moments of time). Stream B yields outcome x/2
now, outcome x/2 at a later moment of time >0 and nothing in all other moments
of time. Stream C yields outcome x>0 at time ¢ (and nothing in all other moments
of time).”

All three streams yield the same cumulative payoff x. The average delay of stream
A is zero, the average delay of stream B is #/2 and the average delay of stream C is
t. Thus, in this example, there is no real tradeoff between a cumulative payoff and
an average delay: all three streams yield the same cumulative payoff, but stream A
yields it sooner, stream B—Ilater and stream C—the latest. According to the model
presented in the previous section, any decision maker should prefer A over B over C.

In contrast, a decision maker with an additively-separable non-linear utility func-
tion u(.) and discount function D(.), with the conventional normalization D(0)=1,
prefers A over B when

ue) > u(2) + (%) 3)

2 Baucells and Sarin (2007a) consider a similar example with streams A and B.
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Fig. 3 Indifference curves of a Cumulative payoff CP
very impatient decision maker

: ' Increasing desirability

Average delay AD

and prefers B over C when

u ( )2—‘ ) + D(t)u < ’—2‘ ) > D(Hu(x) @
If moment of time ¢ is very close to the present moment, then the right-hand-side
of inequality (3) and the left-hand-side of inequality (4) both converge to 2u(x/2);
and the right-hand-side of inequality (4) converges to u(x). Thus, if ¢ is sufficiently
close to zero then both inequalities (3) and (4) cannot hold at the same time. Either
inequality (3) is satisfied but inequality (4) is violated (for a decision maker with a
strictly convex utility function) or inequality (4) is satisfied but inequality (3) is vio-
lated (for a decision maker with a strictly concave utility function). In other words,
a decision maker whose time preferences are represented by discounted utility the-
ory or one of its popular generalizations (quasihyperbolic discounting, generalized
hyperbolic discounting or liminal discounting) with a non-linear utility function can
reveal either a preference for A over B or a preference for B over C but not both pref-
erences at the same time (when moment of time ¢ is sufficiently close to zero).

Next, we characterize the condition when the model presented in Sect. 2 satis-
fies the first-order temporal dominance. One stream of intertemporal outcomes first-
order temporally dominates another stream if and only if the dominant stream is
obtained from the dominated stream through a series of increased and/or advanced
payments (Blavatskyy 2018, proposition 1). An advanced payment results from
shifting a positive consumption from a later moment of time to an earlier moment of
time. Thus, any advanced payment inevitably reduces the average delay while hold-
ing the cumulative payoff constant. According to the model presented in Sect. 2, any
advanced payment can only increase the desirability of a stream.

An increased payment results from improving the payoff received at some
moment of time. An increased payment reduces the average delay (2) if it occurs
not later than the average delay. Thus, the model from Sect. 2 always satisfies the
first-order temporal dominance if the dominant stream is obtained from the domi-
nated stream through a series of advanced payments and/or increased payments at
moments of time proceeding the average delay of the dominated stream.
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Fig.4 The common difference Cumulative payoff CP
effect and horizontal fanning-
out of indifference curves

Average delay AD

t+s

If the dominant stream is obtained from the dominated stream x through an
increased payment at moments of time occurring after the average delat AD(x), the
model from Sect. 2 satisfies the first-order temporal dominance if inequality (5)
holds for all r > AD(x).

OU(CP). AD(x)) | 0U(CP(). AD(x) t = AD(x)
0CP(x) 0AD(x) CP(x)

>0 ®)

4 The common difference effect and horizontal fanning-out

The common difference effect is observed when a decision maker prefers to receive
a smaller outcome x now rather than to receive a larger outcome y > x at a later time
t>0, but, at the same time, she prefers to receive y in time 7+ s rather than to receive
x in time s, for some s> 0 (Loewenstein and Prelec 1992).> The common difference
effect cannot be rationalized with Samuelson (1937) discounted utility. It implies a
violation of one of its axioms, known as stationarity (Koopmans 1960).

Point A on Fig. 4 represents a stream that yields a smaller outcome x now. Point
B on Fig. 4 represents a stream that yields a larger outcome y>x at a later time 7> 0.
If a decision maker prefers A to B then A should be located on a higher indifference
curve so that indifference curves are relatively vertical in the vicinity of A and B.

Point C on Fig. 4 represents a stream that yields a larger outcome y at time
s+t. Point D on Fig. 4 represents a stream that yields a smaller outcome x

3 For example, Read et al. (1999) find that many subjects prefer to rent a “highbrow” movie rather than a
“lowbrow” movie in the long term but switch their preference in the short term. Read and van Leeuwen
(1998) report a similar reversal for healthy and unhealthy snacks.
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at time s. If a decision maker prefers C to D then C should be located on a
higher indifference curve so that indifference curves are relatively horizontal in
the vicinity of C and D. Thus, the model presented in Sect. 2 with indifference
curves that fan out in the horizontal dimension (cf. Fig. 4) is compatible with the
common difference effect.

When temporal delays are relatively short, several studies report a reverse
common difference effect when subjects choose a larger outcome at a later
moment of time over a smaller outcome available immediately but reverse their
preference when both outcomes are delayed by the same time (e.g. Holcomb
and Nelson 1992; Scholten and Read 2006; Sayman and Onciiler 2009). For
example, Sayman and Onciiler (2009) report that 19 out of 38 subjects (50%)
choose €10 in the day after tomorrow over €7 today but, at the same time,
choose €7 tomorrow over €10 delayed in 3 days. Such reverse common differ-
ence effect is compatible with the model presented in Sect. 2 with a horizontal
fanning in of indifference curves in the vicinity of zero (i.e. for very short
temporal delays).

Figure 5 illustrates the reverse common difference effect for relatively short
temporal delays. Point A represents the outcome €7 today, point B represents
the outcome €10 in the day after tomorrow, point C represents the outcome €10
delayed in 3 days and point D represents the outcome €7 tomorrow. The reverse
common difference effect is observed when the indifference curves between
points A and B are relatively flat compared to the indifference curves between
points C and D, i.e. when the indifference curves fan in along the horizontal
axis in the vicinity of zero. Interestingly, mixed horizontal fanning of temporal
indifference curves (fanning in for very short delays and fanning out for longer
delays) is similar to the mixed fanning of risk indifference curves along the
horizontal axis of Marschak-Machina probability triangle.

Fig.5 The reverse common Cumulative payoff CP
difference effect and horizontal
fanning-in of indifference curves
in the vicinity of zero (short
temporal delays)

€1oyﬁ_
€7i4___l/
1
1
1
1
1

day 2days 3days

[ ——

Average delay AD
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Fig.6 The absolute magnitude Cumulative payoff CP
effect and vertical fanning-in of
indifference curves 4000

3000

)

60

15

Average delay AD

year

5 The absolute magnitude effect and vertical fanning-in

The absolute magnitude effect is observed when a decision maker is relatively impa-
tient with small outcomes and relatively patient—with large outcomes (Loewenstein
and Prelec 1992). For example, Thaler (1981) reports that a median subject is
indifferent between receiving 15 dollars now and 60 dollars in one year, as well as
between receiving 3000 dollars now and 4000 dollars in one year. Figure 6 shows
the implied indifference curves in our model for this example. Our model is compat-
ible with the absolute magnitude effect when indifference curves fan in in the vertical
direction (cf. Fig. 6).

6 Application: Consumption-savings problem

Let us now apply our proposed model to the standard consumption-savings prob-
lem with a constant interest rate. A decision maker has income Y,>0 at the pre-
sent moment of time #=0. This can be interpreted as a discounted present value of
her total lifelong income. The decision maker decides how to divide this income
between consumption and savings in 7+ 1 periods, 7' € N. Whichever income is
saved at period € {0, 1, ...,T — 1} earns a constant interest rate R> 1. Any income
that is saved in the last period T perishes. Let Y, € [O, YR’] denote disposable income
in periodt € {0,1,...,T}and S, € [0, Y,] denote savings in period t € {0, 1,...,T}
sothatY, ; = RS, forallt € {0,1,...,T—1}.

A decision maker with income Y in the last period 7" who decides to save S;>0
faces a stream of intertemporal payoffs with cumulative payoff Y, — S, and average
delay 0. Thus, it is optimal to set S;=0. Savings are never optimal in the last period
if they perish afterwards.
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In the before-last period T — 1 the decision maker knows that any disposa-
ble income in the last period will be entirely consumed in the last period. Thus,
the decision maker with income Y;_; in the before-last period T — 1 who decides
to save S;_; > 0 faces a stream of intertemporal payoffs that yields Y;_, —S;_;
immediately and RS;_; delayed for one period. This stream has cumulative payoff
CP=Y;_,+(R~-1)S;_, and average delay RS;_;/CP. Therefore, the problem
of the decision maker is to choose the optimal level of savings S;_; € [O, YT_I]
to maximize utility U(CP,RS;_,/CP). Instead of considering utility function
U(CP,RS;_,/CP) it is more convenient to introduce an auxiliary utility function
V(CP,RS;_,) = U(CP,RS;_,/CP) that is increasing in the first argument and
decreasing in the second argument. Consumption-savings problem in the before-last
period T — 1 then becomes

S*T‘_1 = argmax V( 1+ R—=DS;_,RS;_ 1) )
Sr_i€[0.Yr]

Differentiating auxiliary utility function with respect to savings S;_; yields

d;lv =(R- 1)— + R— If the value of a partial derivative a_v is relatively small (as,
T-1

for example, in the case of indifference curves illustrated on Fig. 2) then the deriva-

tive dsv is positive for all S;_; and it is optimal to save all disposable income. In
T-1

other words, a very patient decision maker opts for 100% saving. If either the value of

a partial derivative 2 a_ is relatively small (as, for example, in the case of indifference

curves illustrated on Fig. 3) or the interest rate is very close to one then the derivative

dg—v is negative for all S;_; and it is optimal to consume all disposable income. In
T—1

other words, a very impatient decision maker (or any decision maker in case of a low
interest rate) opts for 100% consumption. If neither is the case, the first-order condi-
tion for optimal savings is given by

_dV/jox, R-1 ;
WVjox, . R @)

Example 1 Consider auxiliary utility function V (x;,x,) = x* — x, where a € (0, 1)
is a subjective parameter that can be interpreted as diminishing sensitivity to cumu-
lative payoff (similar to the curvature of nonlinear utility function) and 8 > 0 is a
subjective parameter that can be interpreted as aversion to temporal delay. In this
case the solution to problem (6) is given by (8).

R—1 -1
0, l 0 > (ITY;_I
_ 1 OR '\ a1 R-1 a-1 R—1 yva—1
St =) = [(am_n) - YT—I]’ o (RYp,)" <0 <aYim @)
R—1 a—1
Yr_i 0 < a=—(RY;_,)
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Solution (8) is quite intuitive. On the one hand, relatively impatient decision
makers (with high values of temporal aversion 8) optimally decide to consume all
disposable income and save nothing. On the other hand, relatively patient decision
makers (with low values of temporal aversion 8) optimally decide to save all dispos-
able income as consume nothing. Last but not least, decision makers with intermedi-
ate values of temporal aversion 8 optimally decide to save a fraction of their dispos-
able income and consume the rest. If interest rate R is close to one then the only
solution (8) is to save nothing and consume all disposable income. When savings
yield no interest, all decision makers opt for immediate consumption. Blavatskyy
(2016) finds a similar result for rank-dependent discounted utility.

Consider now a decision maker who optimally decides to save nothing in the
before-last period. In period T — 2 this decision maker knows that any disposable
income in the before-last period will be entirely consumed in that period. Thus, the
decision maker with income Y;_, in period T — 2 who decides to save S;_, > 0 faces
a stream of intertemporal payoffs that yields Y;_, — S;_, immediately and RS;_,
delayed for one period. The optimal savings are then given by (9).

St , = argmax V(Y7 +(R—1)S;_,,RS7_,) ©
Sr_2€[0.Y7_,]

Optimization problem (9) is mathematically equivalent to problem (8). Thus, if
it is optimal to save nothing in period T — 1 then it is also optimal to save nothing
in period T — 2 and, by induction, in all preceding periods as well. In other words, a
very impatient decision maker (or any decision maker if interest rate is very close to
one) opts for 100% consumption already in the current period t=0.

Example 1 (continued) 1If 6 > a% Yg‘l then ¥ = Oforallz € {0,1,...,T}.

Consider now a decision maker who optimally decides to save all disposable
income in the before-last period. In the period T — 2 this decision maker knows that
any disposable income in the before-last period will be entirely saved in that period.
Thus, the decision maker with income Y;_, in period T — 2 who decides to save
Sr_» = 0 faces a stream of intertemporal payoffs that yields Y;_, — S;_, immediately
and R2S;_, delayed for two periods. The optimal savings are then given by (10).

St = argmax V(Yy_,+ (R* —1)S;_,,2R*S;_,)

Sr2€[0.Y7,] (10)

Differentiating auxiliary utility function with respect to savings S,_, yields

d;ir‘; = (R2 - 1)3—:1 + 2R237\:. If the value of a partial derivative 37‘; is smaller than
R;R_ZI ZTV then the derivative % is positive for all S;_; and it is optimal to save all
dispos]able income in period YI"_]— 2. By induction, it is optimal to save all disposable
income in every but last period when partial derivative ZT‘: is smaller than % 3—:.

Example 1 (continued) If 6 < oz’%(RTYO)”‘_1 then Sz* = R'Y, for all 7€ {01,
..., —1}and §7. =0.
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7 Experimental test
7.1 Design

Our experimental test is designed to contrast the prediction of the model pre-
sented in Sect. 2 with that of discounted utility and its popular generalization—
quasi-hyperbolic discounting (Phelps and Pollak 1968). Arguably the simplest
such test is a binary choice between two streams of intertemporal outcomes. The
first stream yields x>0 euros now as well as x euros at a later moment of time
t>0. The second stream yields 2 xeuros at a moment of time #2 (and nothing at
any other moment of time).

Both streams yield the same cumulative payoff 2xeuros. Moreover, both
streams have the same average delay #/2. Thus, according to our model a deci-
sion maker is indifferent between these two streams of intertemporal outcomes
(regardless of her time preferences).

In contrast, discounted utility and its popular generalization—quasi-hyperbolic
discounting—predict that a decision maker should strictly prefer the first stream
over the second stream. Notice that (1-B)*>> 0 for any discount factor p< 1. This
inequality can be rearranged as 1+ p*>2f. Multiplying both sides of this ine-
quality by u(x) yields u(x)+ p?u(x) > 2Pu(x), where u(.) denotes a utility function.
For a concave utility function, Jensen’s inequality implies 2u(x) > u(2x) so that we
can write u(x) + p?u(x) > Pu(2x). Multiplying both sides of this inequality by the
present-bias parameter 6 <1 yields

u(x) + 8F2u(x) > su(x) + 6p%u(x) > 8pu(2x) (11)

The left-most part of inequality (11) is the quasi-hyperbolic discounted util-
ity of the first stream that yields x euros now as well as x euros at time 7. The
right-most part of inequality (11) is the quasi-hyperbolic discounted utility of
the second stream that yields 2xeuros at time #/2. Discount utility is the special
case when the present-bias parameter O is one. Therefore, discounted utility and
its popular generalization—quasi-hyperbolic discounting—predict that the first
stream is always chosen over the second stream in a direct binary choice (for any
subjective time preference parameters  and o and any concave utility function).

If time ¢ is close to the present moment of time, then two streams of intertem-
poral payoffs are similar to each other. In this case, it is plausible that a deci-
sion maker can choose either stream in a direct binary choice between the two.
This supports the prediction of our model but challenges the prediction of dis-
counted utility and quasi-hyperbolic discounting. For example, Blavatskyy and
Maafi (2018) presented 75 experimental subjects with a binary choice between
two streams when x=10 and ¢ is two months. Choice decision was repeated four
times. Blavatskyy and Maafi (2018) found that 27 subjects (36%) have chosen the
first stream on at least one occasion and the second stream—on at least one occa-
sion as well. At the same time, 24 subjects (32%) have always consistently chosen
the first stream. The remaining 24 subjects (32%) have always consistently chosen
the second stream.
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Scholten et al. (2016) report that 154 out of 356 subjects (43.26%) choose £300
at time ¢ plus another £300 at time 3¢ rather than £600 at time 27 in unrepeated hypo-
thetical choice. They also report that 213 out of 347 subjects (61.38%) reveal the
same preference when sequences are presented including zero outcomes, i.e. the
first sequence is presented as £300 at time ¢, £0 at time 2¢, and £300 at time 3¢. In
other words, Scholten et al. (2016) find that an inconsequential additional presenta-
tion of zero payoffs reverses the modal choice between two streams of intertemporal
payoffs. Arguably, this finding can be interpreted as evidence that most subjects are
largely indifferent between these streams.

7.2 Implementation

We set outcome x at ten euros and time # at two weeks. Collecting data on time pref-
erences in a laboratory experiment with time-contingent monetary payoffs requires
an assumption that subjects do not integrate their payments received in the experi-
ment with their money or consumption plans outside the experimental laboratory
(there is no arbitrage). Andreoni et al. (2018) found no strong evidence of arbitrage
(see, however, Andreoni and Sprenger 2015; Sprenger 2015). To minimize the pos-
sibility of arbitrage in our experiment, subjects were not rewarded with cash/cheque
envelopes mailed at specific dates. Instead, at the end of the experiment, subjects
received €10 or €20 discount coupons from a major supermarket chain. These dis-
count coupons function like a gift card but they are valid only on one specific day.
Most of our subjects were familiar with the discount coupons (that are routinely
used by supermarket chains to encourage shopping on public holidays in France).
During subject recruitment, prospective subjects were informed in advance that they
will be rewarded with discount coupons valid for one day only (no delayed cash/
cheque payments).

To elicit indifference between two streams, subjects were presented with a direct
binary choice between these streams twice. On the second repetition, the left-hand
side and the right-hand side choice options were interchanged. Subjects faced
between two and four distractor choice tasks between two repetitions.

One hundred MBS students (56% female) were recruited for ten experimental
sessions. Each session lasted around 15 min (no subject participated in more than
one session). At the end of the experiment, every subject received €20 worth of
discount coupons, but their validity date varied across subjects (depending on their
choices made in the experiment).

The experiment was administered as a paper-and-pencil experiment. At the begin-
ning of the experiment, each subject received experimental instructions (a trans-
lation is presented in the Appendix) and a 6-page booklet with six binary choice
problems, each printed on a separate page. The order of questions was randomized
subject to a restriction that at least two distractor tasks appeared between the repeti-
tions of the same question. The presentation of the left-hand side and the right-hand
side choice options was randomized as well.

Subjects answered six questions at their own pace. A subject who answered
all six questions was invited to the experimenter’s table. The subject then rolled a
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standard 6-sided die. She received discount coupons according to her choice in the
question that appeared on the page number corresponding to the number that came
up on the die.

7.3 Results

We did not find any order effects between subjects who initially faced the first stream
on the left (on the second repetition it was presented on the right) and subjects who
initially faced the first stream on the right (on the second repetition it was presented
on the left). Twenty-eight subjects consistently choose the first stream (€10 now plus
€10 in two weeks) on both repetitions. Twenty-three subjects consistently choose
the second stream (€20 in one week) on both repetitions. The remaining 49 subjects
once choose the first stream and once choose the second stream.

Thus, only 28% of revealed choice patterns are consistent with discounted util-
ity (or quasi-hyperbolic discounting) and 72% of revealed choice patterns contradict
discounted utility (or quasi-hyperbolic discounting). Freeman and Halton (1951)
extension of the Fisher exact probability test for the hypothesis that all subjects
choose the first stream is 2.993e-31 (a chi-squared test is y>=112.5, p=0). In other
words, the hypothesis that all subjects strictly prefer €10 now plus €10 in two weeks
over €20 in one week is soundly rejected.

On the other hand, at least 49% and at most 92%* of revealed choice patterns
are consistent with the model presented in Sect. 2. Freeman-Halton extension of the
Fisher exact probability test for the hypothesis that all subjects are equally likely to
choose either stream is 0.868 (a chi-squared test is y*=0.26, p=0.878). Our experi-
mental results confirm the intuition presented at the end of Sect. 6.1—when tempo-
ral delays are relatively short, a temporal spread of payoffs is similar to the pooled
payoft (at the median delay) so that many decision makers are likely to be indifferent
between the two.

8 Conclusion

Empirical violations of Koopmans (1960) stationarity condition highlighted descrip-
tive limitations of Samuelson (1937) discounted utility and motivated the develop-
ment of various generalizations of the latter. Many generalizations, however, keep
the additively separable form of temporal utility and differ from each other only in
their proposed discount function—quasi-hyperbolic (Phelps and Pollak 1968), gen-
eralized hyperbolic (Loewenstein and Prelec 1992), liminal (Pan et al. 2015) or var-
ying in the short- and long-term (Blavatskyy 2015). Additively separable temporal

* If N subjects choose 50%-50% between the first and the second streams, then an experimenter observes
N/4 subjects consistently choosing the first stream; N/4 subjects consistently choosing the second stream;
and N/2 subjects switching between the first and the second stream. The highest number N that is consist-
ent with choice frequencies observed in the experiment is thus the highest N such that N/4 <28, N/4<23
and N/2<49; or N=92.
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utility with a non-linear (i.e., either strictly concave or strictly convex) utility func-
tion implies a rather counter-intuitive preference for a partial delay in consumption
(cf. Blavatskyy 2016). Empirical estimates of additively separable temporal utility
often find near-linear utility function (e.g., Andreoni and Sprenger 2012; Andreoni
et al. 2015; Abdellaoui et al. 2018; Cheung 2019) with a relatively poor goodness
of fit (e.g., Blavatskyy and Maafi 2018; Cheung 2019). As Cheung (2019) puts it:
“This points to the exciting opportunities for future ... research to focus not only on
the forms of the utility and discount functions, but also on alternatives to the dis-
counted utility model itself”.

Our paper proposes an alternative framework how to conceptualize intertempo-
ral choice as a multi-criteria decision problem: a tradeoff between the cumulative
payoff of a stream of intertemporal outcomes and its average delay. A cumulative
payoff is a desirable attribute whereas an average delay is an undesirable attribute
(analogously how the expected return is a desirable attribute and risk is an undesir-
able attribute in Markowitz (1952) mean—variance approach). Our proposed model
always implies aversion to a partial delay in consumption (unlike the additively sep-
arable temporal utility). The proposed model is compatible with several empirical
regularities such as the common difference effect (which is equivalent to the hori-
zontal fanning-out of indifference curves in the CP-AD plane) and the absolute mag-
nitude effect (which is equivalent to the vertical fanning-in of indifference curves in
the CP-AD plane). A new simple experimental test of our proposed model versus
discounted utility and quasi-hyperbolic discounting (with a concave utility function)
soundly rejects the latter two models in favor of the former one.

On the other hand, some empirical findings cannot be rationalized by our pro-
posed model. For example, Varey and Kahneman (1990) found that subjects pre-
ferred streams of discomforting outcomes declining rather than increasing over time.
In a similar vein, Loewenstein and Sicherman (1991) found that many museum visi-
tors prefer increasing streams of wages over constant or decreasing streams of wages
with the same cumulative payoff, i.e. they reveal a preference for streams with a
longer average delay. Loewenstein and Prelec (1991) found that many students pre-
fer a sequence of dining experiences that yields a dinner at a fancy French restaurant
later rather than sooner (again implying a preference for a longer average delay).

A preference for streams of intertemporal outcomes increasing over time elic-
ited in hypothetical questionnaires, however, is not replicated in experiments with
streams of real monetary outcomes. For example, Gigliotti and Sopher (1997) find
that a modal choice pattern is to choose a decreasing stream over a constant stream
and the latter—over an increasing stream of real monetary payoffs (with the same
cumulative payoff).? Similarly, Manzini et al. (2010) find that “a majority of subjects
prefers decreasing to increasing sequences” when choosing between streams of real
monetary payoffs. Our proposed model (like most models of temporal discounting)
can rationalize a reference for decreasing streams over increasing streams of real

3 Gigliotti and Sopher (1997) also find that many subjects reveal a preference for a constant stream over
increasing and decreasing streams.
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monetary payoffs but it cannot account for a reversed preference discovered in hypo-
thetical questionnaires.

Loewenstein (1988) found that subjects expecting to receive a VCR in one year
were willing to pay, on average, $54 to receive it now; but subjects expecting to
receive a VCR now were willing to accept, on average, $126 for its delivery being
delayed for one year. Such “delay-speed up” asymmetry is a violation of a basic con-
sequentialist premise that only the sequence of outcomes (and not its presentational
framing) is relevant for decision making. Our proposed model (like any model based
on the consequentialist premise) cannot account for a “delay-speed up” asymmetry.

A significant progress has been recently done in the empirical research on time
preferences, specifically in disentangling intertemporal discounting from the curva-
ture of instantaneous utility (e.g. Cheung 2019). This richness of new data and new
elicitation methods of time preferences challenge the workhorse theoretical model
of intertemporal choice—an additively separable utility function—and create a
demand for more descriptive representations of time preferences. While behavioral
regularities in choice under risk, such as the Allais paradox or the common ratio
effect, motivated the development of numerous non-expected utility theories, “well
into double figures” (Starmer 2000), the number of theoretical models of intertem-
poral choice remained on a relatively modest level. Models of multicriteria decision
making over time are particularly rare (cf. Rubinstein 2003; Manzini et al. 2010).
This paper attempts to fill this gap with a model that tradeoffs the outcome dimen-
sion (as captured by the cumulative outcome) versus the temporal dimension (as
captured by the average delay). An interesting possible extension of this model is to
incorporate another criterion—"temporal skewness”’—analogously to how a prefer-
ence for positive skewness is sometimes added in the mean—variance approach in
finance. Another interesting extension is to consider non-monetary outcomes that
cannot be easily cumulated across time periods such as health outcomes (cf. Attema
et al. 2018).

Appendix
Experimental Instructions

Welcome to our experiment! This is an experiment in choice over time. It is
financed from research funds. We would like to ask you to take six decisions in this
experiment.

At the end of the experiment you will receive one or two discount coupons for a
supermarket chain valid only on a specific day. Your payoff depends only on your
decisions and the realization of random events. Your payoff does not depend on the
decisions of other participants. Your anonymity will be preserved during and after
the experiment.

During the experiment you need to answer six questions printed in your booklet.
Please note that that there are no right or wrong answers in this experiment. Here is
an example of a typical question that you may face during the experiment:
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Question 1

Please choose your preferred alternative:

Question 1

Please choose your preferred alternative:

Left Alternative Right Altemative
You receive one discount coupon for You receive one discount coupon for
€10 valid only on 01/05/2019 and one €20 valid only on 08/05/2019
discount coupon for €10 valid only on
08/05/2019
MAI 2019 [ MAI 2019
[ T Vood o Vendred | Smca | Tona Vg 5 Tewar Vendred Somedt
1 [ 2 3[4 5] 1 2 3 4
€10
6 | |7 [ |8 [ 9 o 1o Jiz[ | |l6 |[7 | 8 | 10 |11 | |12 |
€10 €20
13 e[ [1s] 16 [17] 18 [19 ] 13| |J1a| 15| 16 |17 18 | [19 |
20 | |21 2 | 23 24 | 25 | 26 | 20 [ Jar [ 22 23 24 25 | |26 |
27 [ 28 [ [29 [ 30 |31 ] 27 [ 28 29[ 30 [31 |
I choose: [] Left Alternative [ Right Alternative

Please raise your hand when you answered all six questions. We will ask you
to come forward with your booklet to our table. We then ask you to toss a die to
randomly select one question number. This question will be used to determine your
payoft.

For instance, suppose that the die comes up one. Then question 1 is selected.
Suppose that question 1 in your booklet is the question shown above. If you have
ticked the right alternative in this question, you receive one discount coupon worth
€20 valid only on May 8th.

Please note that any question can be randomly selected at the end to determine
your payoff. So it is in your best interest to answer all six questions carefully. Good
luck!

Acknowledgements I am grateful to the editor Kip Viscusi and the referee Daniel Read for very helpful
comments. Pavlo Blavatskyy is a member of the Entrepreneurship and Innovation Chair, which is partof
LabEx Entrepreneurship (University of Montpellier, France) and is funded by the French government
(Labex Entreprendre, ANR-10-Labex-11-01).

References

Abdellaoui, M., Gutierrez, C., & Kemel, E. (2018). Temporal discounting of gains and losses of time: An
experimental investigation. Journal of Risk and Uncertainty, 57, 1-28.

@ Springer



106 Journal of Risk and Uncertainty (2022) 64:89-107

Andreoni, J., Gravert, C., Kuhn, M.A., Saccardo, S., & Yang, Y. (2018). Arbitrage or narrow bracketing?
On using money to measure intertemporal preferences. Working Paper 25232, National Bureau of
Economic Research.

Andreoni, J., Kuhn, M. A., & Sprenger, C. (2015). Measuring time preferences: A comparison of experi-
mental methods. Journal of Economic Behavior and Organization, 116, 451-464.

Andreoni, J., & Sprenger, C. (2015). Risk preferences are not time preferences: Reply. American Eco-
nomic Review, 105, 2287-2293.

Andreoni, J., & Sprenger, C. (2012). Estimating time preferences from convex budgets. American Eco-
nomic Review, 102, 3333-3356.

Attema, A. E., Bleichrodt, H., L’Haridon, O., Peretti-Watel, P., & Seror, V. (2018). Discounting health and
money: New evidence using a more robust method. Journal of Risk and Uncertainty, 56, 117-140.

Baucells, M., & Sarin, R. K. (2007a). Evaluating time streams of income: Discounting what? Theory and
Decision, 63, 95-120.

Baucells, M., & Sarin, R. K. (2007b). Satiation in discounted utility. Operations Research, 55(1),
170-181.

Blavatskyy, P. (2018). Temporal dominance and relative patience in intertemporal choice. Economic The-
ory, 65(2),361-384.

Blavatskyy, P. (2016). A monotone model of intertemporal choice. Economic Theory, 62(4), 785-812.

Blavatskyy, P. (2015). Intertemporal choice with different short-term and long-term discount factors.
Journal of Mathematical Economics, 61, 139-143.

Blavatskyy, P., & Maafi, H. (2018). Estimating representations of time preferences and models of proba-
bilistic intertemporal choice on experimental data. Journal of Risk and Uncertainty, 56(3), 259-287.

Bradford, D. W., Dolan, P., & Galizzi, M. M. (2019). Looking ahead: Subjective time perception and
individual discounting. Journal of Risk and Uncertainty, 58, 43—69.

Cheung, S. (2019). Eliciting utility curvature in time preference. Experimental Economics, forthcoming.

Freeman, G. H., & Halton, J. H. (1951). Note on exact treatment of contingency, goodness of fit and other
problems of significance. Biometrika, 38, 141-149.

Gigliotti, G., & Sopher, B. (1997). Violations of present-value maximization in income choice. Theory
and Decision, 43, 45-69.

Holcomb, J. H., & Nelson, P. S. (1992). Another experimental look at individual time preference. Ration-
ality and Society, 4(2), 199-220.

Koopmans, T. (1960). Stationary ordinal utility and impatience. Econometrica, 28, 287-309.

Loewenstein, G. (1988). Frames of mind in intertemporal choice. Management Science, 34, 200-214.

Loewenstein, G., & Prelec, D. (1991). Negative time preference. American Economic Review Papers and
Proceedings, 81(2), 347-352.

Loewenstein, G., & Prelec, D. (1992). Anomalies in intertemporal choice: Evidence and an interpreta-
tion. Quarterly Journal of Economics, 107, 573-597.

Loewenstein, G., & Sicherman, N. (1991). Do workers prefer increasing wage profiles? Journal of
Labour Economics, 9, 67-84.

Manzini, P., Mariotti, M., & Mittone, L. (2010). Choosing monetary sequences: Theory and experimental
evidence. Theory and Decision, 69, 327-354.

Markowitz, H. (1952). Portfolio selection. Journal of Finance, 7(1), 77-91.

Phelps, E., & Pollak, R. (1968). On second-best national saving and game-equilibrium growth. The
Review of Economic Studies, 35, 185-199.

Pan, J., Webb, C. S., & Zank, H. (2015). An extension of quasi-hyperbolic discounting to continuous
time. Games and Economic Behavior, 89, 43-55.

Read, D., & Scholten, M. (2012). Tradeoffs between sequences: Weighing accumulated outcomes against
outcome-adjusted delays. Journal of Experimental Psychology: Learning Memory and Cognition,
38(6), 1675-1688.

Read, D., & van Leeuwen, B. (1998). Predicting hunger: The effects of appetite and delay on choice.
Organizational Behavior and Human Decision Processes, 76(2), 189-205.

Read, D., Loewenstein, G., & Kalyanaraman, S. (1999). Mixing virtue and vice: Combining the immedi-
acy effect and the diversification heuristic. Journal of Behavioral Decision Making, 12(4), 257-273.

Rubinstein, A. (2003). Is it ‘Economics and Psychology’? The case of hyperbolic discounting. Interna-
tional Economic Review, 44, 1207-1216.

Rubinstein, A. (1988). Similarity and decision making under risk (Is there a utility theory resolution to
the Allais Paradox?). Journal of Economic Theory, 46, 145-153.

Samuelson, P. (1937). A note on measurement of utility. The Review of Economic Studies, 4, 155-161.

@ Springer



Journal of Risk and Uncertainty (2022) 64:89-107 107

Scholten, M., & Read, D. (2006). Discounting by intervals: A generalized model of intertemporal choice.
Management Science, 52(9), 1424-1436.

Scholten, M., & Read, D. (2010). The psychology of intertemporal tradeoffs. Psychological Review, 117,
925-944.

Scholten, M., Read, D., & Sanborn, A. (2016). Cumulative weighing of time in intertemporal tradeoffs.
Journal of Experimental Psychology: General, 145(9), 1177-1205.

Sayman, S., & ()ncijler, A. (2009). An investigation of time inconsistency. Management Science, 55(3),
470-482.

Sprenger, C. (2015). Judging experimental evidence on dynamic inconsistency. American Economic
Review: Papers and Proceedings, 105, 280-285.

Starmer, C. (2000). Developments in non-expected utility theory: The hunt for a descriptive theory of
choice under risk. Journal of Economic Literature, 38, 332-382.

Thaler, R. H. (1981). Some empirical evidence on dynamic inconsistency. Economics Letters, 8,201-207.

Varey, C., & Kahneman, D. (1990). Experiences extended across time: Evaluation of moments and epi-
sodes. Journal of Behavioral Decision Making, 5, 169—185.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

@ Springer



	Intertemporal choice as a tradeoff between cumulative payoff and average delay
	Abstract
	1 Introduction
	2 The framework
	3 Advanced payments
	4 The common difference effect and horizontal fanning-out
	5 The absolute magnitude effect and vertical fanning-in
	6 Application: Consumption-savings problem
	7 Experimental test
	7.1 Design
	7.2 Implementation
	7.3 Results

	8 Conclusion
	Acknowledgements 
	References


