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POSITIVE TIME PREFERENCE FOR MONETARY SEQUENCES
OF REWARDS: THE ROLE OF TEMPORAL SPACING

It is widely recognized that people have a general preference for improvement. In our study we demonstrate that
the opposite can be observed if the consequences of our choices are dispersed over time. We address the problem
of discounting of delayed sequences, in which hypothetical monetary rewards are arranged in deteriorating, flat,
or improving sequences — in which the payments are separated from one another by a short (one month) or long
(five years) internal delay. One hundred and twenty graduate students completed a dynamic multiple-staircase
discounting procedure in a mixed factorial design. We predicted that deteriorating sequences of rewards would
be preferred over their improving and flat counterparts. This prediction was confirmed when the internal delay
between rewards was long. Participants not always chose the best for first, however. If the consequences of their
choices were separated by small internal delay, participants were indifferent between three types of sequences.

Keywords: preference for improving sequences, positive time preference, delay discounting, deteriorating sequen-

ces, intertemporal choice

INTRODUCTION

Most people seek to improve the condition
they find themselves in various areas of life.
Clearly, when faced with a choice between two
amounts of money, we choose the larger amount
or, if these amounts are the same, we choose the
one that is available sooner (Green, Myerson, &
McFadden, 1997). Making such decisions seems
obvious. The same should be true for rewards
that appear in a sequence, e.g., earnings: we want
to earn as much as possible and as fast as pos-
sible. In such situation we should prefer deterio-
rating over increasing sequences of rewards when
both yield an equal total amount (Loewenstein,
& Prelec, 1991). However, participant’s choices
in experimental tasks often deviate from this

theoretical principle. We predict that one of the
factors responsible for preference toward the
type of sequence is how often we face the conse-
quences of our choices. We base our prediction
on the fact that delay has the same discounting
function irrespectively of whether it refers to the
time until a sequence is initiated or the time that
separates each reward in a sequence. In other
words, not only the delay until the sequence of
events will discount the value of rewards, but
also the delay that separates one reward from the
other will have an impact on making a choice.
This assumption is based on the finding that even
though sequences can be treated as a single pat-
tern (Rachlin, 2004), they can be also viewed as
an array of rewards, which value is discounted
in parallel fashion, separately (Kirby, 2006). In
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the present study, we attempt to determine the
preferences for flat, improving, and deteriorating
sequences of rewards with different delay times
between each reward within a sequence. We
decided to study the discounting of sequences
of rewards on an appealing account that behav-
ior and its consequences may be considered as
extended, molar patterns — and not only momen-
tary events. Notably, behaviors and their conse-
quences linked to contingencies of reinforcement
in a work setting or in health-related behaviors
seem to constitute patterns of behavior (Rachlin,
2004), and not isolated events.

A common view in the literature on the pref-
erences for different types of sequences of future
rewards is that improving sequences of rewards
are preferred to deteriorating sequences (Ariely,
& Carmon, 2003; Frederick et al., 2004; Loewe,
2006; Read, 2003; Ross et al., 2008; Simpson,
& Vuchinich, 2000). This view is inconsistent
with the microeconomic discounted utility the-
ory, which assumes a positive time preference
(Loewenstein, & Prelec, 1991). According to
this theory, subjectively more valued should be
deteriorating sequences, i.e., the sequences with
higher rewards received up-front (closer in time)
and with latter rewards decreasing incrementally
in time.

Some studies suggest that the delay between
each reward in a sequence can influence pref-
erences for different types of sequences of
rewards. Chapman (1996) reported results that
indicate a partial preference for deteriorating
sequences of payments. It was shown that when
the sequences were distributed over a year, the
participants preferred improving payments;
however, when the rewards within sequences
were available over 60 years, the differences in
preferences blurred, with a slight preference for
deteriorating sequences. In another study, con-
ducted by Brunner (1999) on rats, the deterio-
rating sequence was operationalized in terms of
increasing delays between consecutive rewards,
and not their magnitudes. It was found that the
animals preferred sequences in which the delay

before the next reward increased in time, i.e.,
they preferred a deteriorating sequence over an
improving one. However, no studies have been
conducted on humans that have abstracted pref-
erences from cultural influences or from the hab-
its and expectations that the participants bring
with them when they take part in an experiment.

The aim of the present research is to investi-
gate the impact of temporal spacing of rewards
in a context-free situation, i.e., whether changing
the length of the internal delay between each
consecutive reward within a sequence affects
the participants’ preferences for three types of
sequences of hypothetical monetary rewards:
(1) sequences with a positive linear trend in
the values of consecutive rewards (improving
sequences); (2) sequences in which all of the
rewards are equal (flat sequences); (3) sequences
with a negative linear trend in the values of con-
secutive rewards (deteriorating sequences). We
verified how the subjective value of payments
changed when the rewards within a sequence
were separated by 1-month delays (all rewards
were available over a period of 5 months) com-
pared with 5-year delays (all rewards were avail-
able over a period of 25 years).

METHOD

Methodologically, the study employed a2x3x 6
factorial experimental design. The two-level
between-subjects factor was the internal delay
time between the rewards in a sequence: short
(1-month delay between rewards in a sequence) or
long (5-year delay between rewards in a sequence).
The three-level within-subject factor was the type
of sequence (flat, deteriorating, or improving). The
six-level factor referred to the external delay, i.e.,
the time until the first reward in a sequence (cor-
responding to: 1 month, 6 months, 1 year, 2 years,
5 years, and 10 years). However, analytically, the
study follows a 2 x 3 design — due to the use of area
under the curve as a measure of the discounting
rate (see “Measures and analysis” section).
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Participants

A total of 120 students enrolled in the gradu-
ate programs at the University of Warsaw par-
ticipated in the study. The subgroup that was
exposed to sequences with short internal delay
included 25 men and 35 women (21 * 1.8 years,
mean age * SD), and subgroup exposed to
sequences with long internal delay included
26 men and 34 women (22 years * 2.9, mean
age * 2.9). The study was approved by the local
Ethics Committee.

Procedure

We have used the dynamic multiple-staircase
discounting procedure, based on the method
proposed by Du, Green, and Myerson (2002)
and adapted for the purpose of testing sequenc-
es of rewards. The participants chose in series
between a given delayed sequence of rewards and
a specific immediate reward that was adjusted
to the prior choices made by a participant. The
participants made choices by pressing the appro-
priate keys on the computer keyboard. After the
choice was made, the values of the rewards dis-
appeared for 0.5 seconds, and after this time
period the immediate reward that appeared on
the screen either increased or decreased. If the
participant had chosen a delayed sequence, then
the value of the adjustable (immediate) reward
increased by half of the difference between the
sum of rewards in the delayed sequence and the
initial value of the immediate reward. The value
of the immediate reward decreased if it had been
favored over the delayed sequence in the partici-
pant’s previous selection. As for the subsequent
choices, the amount of the change was equal
to half of the previous amount of change. This
resulted in changes in the adjusting immediate
reward after each choice by 11,250; 5,625; 1,875;
703; 188; 59; 13; and 4 (PLN) — added or sub-
tracted depending on the choice of an imme-
diate reward or a fixed delayed sequence. The
number of choices that led to a single indiffer-
ence point was set at eight. At the beginning of
each trial, the value of the adjustable immedi-
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ate reward was set at half of the value of the
sum of the delayed rewards in the sequence
(PLN 22,500 in this case). After the last choice,
the value of the immediate adjustable reward
served as an indifference point. For example, the
first choice in an improving sequence condition
would be between an immediate PLN 22,500
and a delayed improving sequence of rewards,
starting with PLN 5,000 in 1 month and fol-
lowed by PLN 6,000 in 2 months, PLN 7,000 in
3 months, PLN 8,000 in 4 months, PLN 9,000
in 5 months, and finally PLN 10,000 in 6 months
(for a detailed description of this procedure, see
Biataszek, & Ostaszewski, 2012). The time for
this study was not limited, although the comple-
tion of the procedure took on average 14 minutes
(SD = 3.5). The main procedure was preceded
by a series of training choices, as described by
Biafaszek and Ostaszewski (2012).

Measures and analysis

The procedure aimed to find the indifference
points indicating the subjective present value of
a particular sequence of rewards. An indiffer-
ence point refers to the immediate equivalent
of a delayed sequence of rewards. For each
of the conditions (i.e., deteriorating, flat, and
improving) in both subgroups (i.e., long and
short internal delays), six indifference points
were estimated. Each of the indifference points
represented subjective value of a sequence which
was supposed to begin with delay of 1 month,
6 months, 1 year, 2 years, 5 years, and 10 years.
The values of the rewards within the sequences
in particular experimental conditions are pre-
sented in Table 1. The experimental conditions
were counterbalanced across all of the partici-
pants using a Latin Square Design. In our experi-
ment, the total nominal value of a sequence was
equal in all types of sequences. The sequences
differed only in the temporal arrangement of
its elements.

Discounting rates were measured using the
Area Under the Curve (AUC), as suggested by
Myerson and collaborators (2001). The AUC
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Table 1. The values of consecutive rewards for improving, flat, and deteriorating sequences. There was a 1-month delay
between the rewards in one of the groups and a 5-year delay in the other group. The nominal sum of the rewards in all
three cases was PLN 45,000. Participants chose between an immediate adjusting reward or a fixed delayed sequence of

rewards in three experimental conditions.

Single immediate Number of the reward Valges of consechive rewards \{vi.thin sequences
adjusting reward mber ol the re in three experimental conditions (PLN)
within the sequence
(PLN) Improving Flat Deteriorating
1 5,000 7,500 10,000
2 6,000 7,500 9,000
3 7,000 7,500 8,000
22,500 OR
4 8,000 7,500 7,000
5 9,000 7,500 6,000
6 10,000 7,500 5,000

refers to the area under the line connecting indif-
ference points, as shown in Figure 1 — and was
computed as described by Myerson and collabo-
rators (2001). The larger the AUC, the slower
discounting of delayed sequences of rewards.

RESULTS

As presented in Figure 1, in the sequences
with short (left panel) and long (right panel) inter-
nal delays, median indifference points consist-
ently decreased as the delay before the sequence
increased. Moreover, visual analysis of the data
suggests that when the internal delay was short,
there were no systematic differences between
the indifference points for the flat, improving,
and deteriorating sequences. However, when the
internal delay was long, the indifference points
for the deteriorating sequences were above the
indifference points for the flat and improving
sequences. The visual inspection suggests that
for sequences with long internal delays, deterio-
rating sequences are discounted less steeply than
the other two types of sequences.

To determine the influence of the type of
sequence and the internal delay within a sequence

on the rate of discounting for sequences of
delayed rewards, a 3 x 2 mixed model analy-
sis of variance was used. The interpretation of
the results was based on a multivariate model
(MANOVA,; statistic: Pillai’s Trace). The analy-
ses were based on the AUC values that were
calculated for each participant.

The analysis revealed a significant main
effect of the type of sequence (F(2, 117) = 9.802;
p < .001; n,? = 0.144), as well as a main effect
of the length of the internal delay (F(1, 118)
= 24.705; p < .001; n,2 = 0.173). Moreover,
there was a significant effect of the interaction
between the type of sequence and the length of
the internal delay (F(2, 117) = 3.585; p = .031;
np? = 0.058). The effect size of the interaction
is small but statistically significant. Because the
interaction effect was significant, further infer-
ences were based on the analysis of simple effects
with Sidak’s correction.

The analysis of simple effects showed that in
each of the three types of sequences, the AUC val-
ues for the sequences with short (1-month) inter-
nal delays were higher (M = 0.490, SD = (.298;
M = 0.501, SD = 0.281; M = 0.511, SD = 0.285;
for improving, flat, and deteriorating sequenc-
es, respectively) than the AUC values for the
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Fig. 1. The median indifference points for improving, flat, and deteriorating sequences of rewards. The left panel refers to
the experimental group with the short (1-month) internal delay within the sequences. The right panel presents the median
indifference points for the long (5 years) internal delay within the sequences. The lines connecting indifference points

correspond to area under the curve.

sequences with 5-year internal delays (M = 0.228,
SD = 0.258; M = 0.252, SD = 0.256; M = (.308,
SD = 0.270 for improving, flat, and deteriorating
sequences, respectively) (p < .001). In addition,
within the group with the short internal delays,
there were no significant differences between
the AUC values for improving and flat sequenc-
es (p = .928), for improving and deteriorating
sequences (p = .519), or for flat and deteriorating
sequences (p = .906). However, in the subgroup
where there was a long (5-year) internal delay
between the consecutive rewards, the AUC for
the deteriorating sequences was higher than the
AUC for the improving sequences (p < .001) and
the AUC for the flat sequences (p = .004), but the
AUC values for the flat and improving sequences
were not significantly different (p = .605).

DISCUSSION

The main aim of this study was to determine
whether we can induce the preference toward
deteriorating sequences of rewards by introduc-

Studia Psychologiczne, t. 54 (2016), z. 2, s. 25-33

ing different values of internal delay. In other
words, we investigated if deteriorating, flat, and
improving sequences of rewards lose their value
at a different rate, depending on the length of the
delay between rewards in a sequence.

We found that when the rewards in a sequence
were separated by a 1-month internal delay,
there were no statistically significant differences
between the discounting rates for improving, flat,
and deteriorating sequences. However, when the
delay between rewards within a sequence was set
to five years, the participants preferred deterio-
rating sequences of rewards to flat or improving
sequences. In addition, the study showed that the
internal delay effectively changed the subjective
values of the sequences regardless of the type of
sequence: the value of the sequences with short
internal delays was higher than the value of the
sequences with long internal delays.

The most important finding of this experi-
ment was that in certain situations people can
indeed demonstrate a preference for deterio-
rating sequences of rewards, i.e., by increas-
ing the internal delay between each reward
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in a sequence, a shift in preferences towards
deteriorating sequences is possible. This result
seems inconsistent with the typical results of the
studies where respondents usually preferred an
increasing sequence of payoffs (e.g., Ariely, &
Carmon, 2003; Frank, & Hutchens, 1993; Fred-
erick et al., 2004; Hsee et al., 1991; Loewe, 2006;
Loewenstein, & Prelec, 1993; Read, 2003; Ross
et al., 2008; Ross, & Simonson, 1991; Simpson,
& Vuchinich, 2000). We observed the prefer-
ence for deteriorating sequences when the
rewards within the sequence were separated
by long internal delays (i.e., 5 years) and, con-
sequently, the whole sequence was distributed
over 25 years. It is possible that sequences of
rewards with shorter delays are treated as a sin-
gle reward rather than a series of rewards. That
interpretation would be consistent with the con-
clusion reported by Biataszek and Ostaszewski
(2012), who have shown that a single reward is
discounted at a lower rate than a sequence with
the same nominal value. When the internal delay
within a sequence is short, the whole sequence
may be considered a single reward and no sig-
nificant preferences are observed regarding the
arrangement of the rewards within the sequence.
Furthermore, in our opinion, the change in pref-
erence from one type of the sequence to the
other can be viewed as a quantitative, and not
a qualitative process. That is, with an increase
in the internal delay the gradual shift in prefer-
ences should be observed. For example, in the
choice of a decreasing sequence: on one side
of the internal delay continuum, i.e., when the
internal delay is short, we can observe multi-
ple rewards integrate into a single outcome. On
the other side of that continuum, there is only
the first reward that is relatively close in time —
while the remaining rewards in a sequence are
smaller and distant. In such case, when the inter-
nal delay is long, the decreasing sequence would
be preferred.

Our findings are derived from a context-free
situation. Existing literature suggests that spe-
cific contexts may have further influence on the

preferences toward different types of sequences
of rewards. For example, in a recent study, Duffy,
Smith, and Woods (2015) have showed that the
preference for increasing payments depends on
the source of the payment. They demonstrated
that the preference for increasing payments is
more evident for wage payments than for lotto
jackpot. This could be interpreted as situations
in which wage payments are obtained as the only
income and lotto jackpots constitute an addition-
al source of money. In other words, the analyzed
choices were made in a closed economy and open
economy for wage payments and lotto jackpots,
respectively. The distinction between an open
and closed economy in studying behavior was
adapted from economics and introduced into
psychological research by Hursh (1980, 1984).
In a closed economic system, income depends
only on the magnitude of work, whereas in an
open economic system, there are other supple-
mental sources of goods that serve as an addi-
tion to income. It is possible, that people would
show a preference for deteriorating sequences if
the rewards are framed as a pure open economy
(eg., prize from a lotto jackpot), because in this
situation, according to the theoretical approach,
overall discounted utility is maximized. However,
Duffy, Smith, and Woods (2015) used only one
type of sequences (increasing) in their study.
Also, such preferences might be connected to
the fact that in open economies demand for rein-
forcement is flexible (Hursh, 1980). In such situ-
ation, increase in the requirement of obtaining
a certain reward (i.e., longer delay for the largest
reward) would result in decreased preference for
improving sequences because they provide the
largest reward at the end.

As pointed out by Frederick and Loewenstein
(2008), the three main factors favoring the pref-
erence for deteriorating sequences are: (1) uncer-
tainty about the future (occurrence of a future
event is not certain); (2) the fact that delayed
outcomes could have been invested (opportu-
nity costs); (3) and pure time preference (utility
decreases as time increases). These three fac-
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tors can contribute to favoring a deteriorating
stream of payments. Further research could
focus directly on the mechanism underlying
the preference for different types of sequences.
One possible interpretation of our results can
be based on the absence of the extrapolation
effect (Frederick, & Loewenstein, 2008). In situ-
ations where sequences of rewards are framed
as income from work, people can extrapolate
such a sequence and, if it consists of for example
rewards of 1, 2, and 3 monetary units, the next
extrapolated element would be 4. In the case of
a deteriorating sequence of 3, 2, and 1 monetary
units, the next extrapolated reward would be 0.
In our study, monetary outcomes were context-
free and not framed in any particular way. There-
fore, it can be hypothesized that the potential
outcomes were treated as additional income and
the extrapolation effect did not occur. Frederick,
Loewenstein, and O’Donoghue (2004) suggest
that people should possess a choice heuristic
for the evaluation of sequences of rewards. On
a rational basis, such heuristic manifesting itself
in choosing improving sequences would be use-
ful in everyday life — providing that people have
access to the information that is necessary to
extrapolate the value of a sequence. In such case,
choosing a sequence that is extrapolated to be
increasing could yield the most utility.

With considerations from Chapman (1996) on
the preference for deteriorating sequences dis-
tributed over longer periods of time, and recent
findings by Duffy, Smith, and Woods (2015),
further research could also address the issue of
preferences for given sequences of rewards in
different economical contexts — with different
formal properties of sequences, e.g., length of
the internal delay, size of the increment and/or
decrement of sequence rewards, and the overall,
cumulated size of sequence value.

It should also be noted that our results
can prove applicable in these areas of life that
require increased self-control. Particularly, in
addiction therapy, education, and health and
consumer behavior. For example, Critchfield
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and Kollins (2001) have showed that the results
of basic research on discounting have already
contributed to the understanding of adverse
behaviors, such as eating disorders, and alcohol
and drug abuse. We suggest that pinpointing the
relationship between the effect of different types
of sequences of reinforcers, and the effect of dif-
ferent internal delays on behavior, can contribute
to designing behavioral strategies with sequenced
reinforcements that yield a desired increase in
self-control. However remote in time, such goals
certainly seem achievable.
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POZYTYWNA PREFERENCJA CZASOWA DLA SEKWENCII NAGROD PIENIEZNYCH:
ROLA ODSTEPOW POMIEDZY NAGRODAMI

ABSTRAKT

Powszechnie uznaje si¢, ze ludzie daza do ciaglego polepszania swojej sytuacji. W naszym badaniu pokazujemy, ze odwrotne
preferencje moga si¢ ujawnic, jezeli konsekwencje naszych wyborow sa rozproszone w czasie. ZadaliSmy pytanie o to, w jaki
sposob dyskontowane s3 odroczone sekwencje, w ktorych hipotetyczne nagrody pieni¢zne maleja, sa rowne lub rosng — oraz
oddzielone sg od siebie krotkim (jeden miesigc) lub diugim (pigé lat) odroczeniem wewnetrznym. Wykorzystujac czynnikowy
schemat mieszany, przebadaliSmy 120 studentéw studiéw magisterskich za pomocg dostosowujace;j si¢ procedury schodko-
wej, przeznaczonej do pomiaru procesu dyskontowania. PrzewidywaliSmy, ze malejace sekwencje nagrod beda preferowane
wzgledem ich rosnacych i rownych odpowiednikow. Przewidywanie to zostato potwierdzone w sytuacji diugiego odroczenia
wewngtrznego pomi¢dzy nagrodami w sekwencji. Jednakze, badani nie zawsze wybierali sekwencje z najwyzsza nagrodg na
poczatku. Jezeli konsekwencje ich wyborow byly oddzielone od siebie krdtkim odroczeniem wewngtrznym, badani wyceniali
rézne sekwencje w podobny sposdb.
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