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ABSTRACT

Experimental studies reveal a preference for improving income sequences, challenging the axioms of the
discounted utility model, such as the present value maximization principle. Through an experiment, we test
the existence of this anomaly on short and long-term income sequences, by confirming previous experimental
evidence. Although the participants are aware of the present value maximization, they select improving
sequences of income mainly to cover their future spending needs, to feel motivation at work, and to receive
a signal of success and status. In order to include this sequence effect in a mathematical valuation model, we
propose an alternative model to value sequences which outperforms the traditional discounting model by fitting
the present value with the preferences of the participants.

Labor economics
Decision sciences

1. Introduction

Intertemporal choice refers to decisions that involve tradeoffs be-
tween costs and benefits over time. These decisions are mainly analyzed
using the discounted utility model, which is simple and general. One of
its assumptions is that individuals are impatient, preferring to get the
most valuable outcomes as soon as possible, and that their preferences
satisfy the independence or separability condition, which states that the
value of a sequence is equal to the sum of the value of its components
(Samuelson, 1937, Loewenstein and Prelec, 1993).

Nonetheless, experimental studies from economics and psychology
illustrate that this process is more complex. Agents sometimes make de-
cisions taking into account some cognitive heuristics that make them
contradict principles or axioms of the traditional discounting model.
Some examples of such mechanisms are self-control, personal interpre-
tation of a set of choices, and gaining satisfaction or avoiding suffering
from expected future events (Berns et al., 2007). These mechanisms
lead to a series of anomalies in intertemporal choice. “An empirical
result qualifies as an anomaly if it is difficult to rationalize, or if im-
plausible assumptions are necessary to explain it within the paradigm”
(Loewenstein and Thaler, 1989).

* Corresponding author.

Loewenstein and Prelec (1991) studies the preferences of 95 Harvard
University undergraduates about a dinner at a fancy French restaurant
and a dinner at a local Greek restaurant. The results show that 86% of
them prefer the French dinner, and 80% of these subjects prefer to have
the dinner at the French restaurant in one month rather than in two
months. However, when the dinner at a French restaurant is inserted
into a sequence with the dinner at a Greek restaurant, 57% of the re-
spondents prefer to have the Greek dinner in one month and the French
dinner in two months.

Through this experimental study, they find evidence supporting that
people evaluate single outcomes using assumptions of the traditional
discounting model. They show positive time preference: they prefer to
get the best outcomes as soon as possible. Nevertheless, when consid-
ering sequences, people display negative time preference: individuals
want to get the best results at the end of the sequence, preferring im-
proving utilities of outcomes over time. This anomaly has been labeled
as “improving sequence effect”. It is supported by the experimental
framing effect that establishes: “changing the way in which a prospect
is represented, holding constant its objective characteristics, can have a
significant impact on choice” (Prelec and Loewenstein, 1991).
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Fig. 1. Decreasing (1), constant (2) and improving (3) sequences for n = 2.

Additionally, some other experimental studies demonstrate that this
anomaly affects not only enjoyment sequences such as dinners, but also
monetary (Loewenstein and Sicherman, 1991, Matsumoto et al., 2000,
Duffy and Smith, 2013), health (Chapman, 1996, 2000), and environ-
mental sequences (Guyse et al., 2002).

In this paper, we present a theoretical description and a mathe-
matical characterization of the improving sequence effect on monetary
sequences, more specifically on income sequences. The main objective
of this research is to support the evidence for this anomaly, previously
found in other studies we have just mentioned, through an experiment
whose design is based on Loewenstein and Sicherman (1991), Chap-
man (1996), and Read and Powell (2002), and to understand why most
people prefer improving income sequences although they do not max-
imize their cash flows. We explain the method and the results of this
experiment in parts 3 and 4 of this paper. Moreover, in part 2 of this pa-
per, we propose a model to value outcome sequences, alternative to the
Discounted Utility (DU) model, which systematizes individuals’ prefer-
ences for improvement. This new theoretical model is able to explain
the experimental evidences regarding the preferences for improving
sequences and outperforms the classical DU model when evaluating
monetary sequences. We demonstrate this by applying both models to
value seven income sequences used in the experiment conducted by
Loewenstein and Sicherman (1991).

2. Theoretical framework
2.1. Definition of the improving sequence effect

A sequence is defined as a continuous series composed of similar
outcomes, which are regularly spaced over time and are not too far
apart from each other (Loewenstein and Prelec, 1991). Formally speak-
ing, a sequence S is a set of n outcomes: S = {(ay,1,),(as,1,),....(a,.1,)},
where t; <t, <. <t,. Depending on the relationship among a;,a,, ...,
a,, the sequence can be (see Fig. 1):

1. Decreasing: a; > a, > -+ > a,,.
2. Constant: gy =a, =+ =a,.
3. Improving: a; <a, < - <a,.

The improving sequence effect is an anomaly in which individ-
uals prefer sequences of outcomes that increase over time. In other
words, people like improvement such that they would prefer to get
the best outcomes at the end of the sequence (Cruz-Rambaud and
Muiioz-Torrecillas, 2004). This is a violation of the discounted utility
model since individuals base their decisions and preferences on cogni-
tive heuristics rather than on the principles of the model. For instance,
people prefer improving income sequences because they feel motivated
at work, despite the fact they are not maximizing the present value of
their cash flows.

Even though there is a general theoretical definition of this anomaly,
to the best of our knowledge, a mathematical definition has not been

proposed yet. For this reason, we provide three mathematical defini-
tions, which support the previously given qualitative definition.

Definition 1 (Cruz-Rambaud et al. (2018)). Given an amount .S and a
period of time n, an intertemporal choice is said to satisfy the improving
sequence effect if, for every d > 0, the sequence

(a,1),(a+d,2),(a+2d,3),...,(a+ (n—1)d,n),

where a = 5 - d > 0, is preferred over the rest of decreasing se-
quences variable i 1n arithmetic progression whose positive terms mature
at 1,2,...,n, all terms summing up S.

This definition of the improving sequence effect does not completely
fit to the idea underlying to this anomaly since in our experimental
study (see Section 3) and in other studies presented in Section 2.2, there
are some decreasing sequences that are preferred over other improv-
ing sequences, whose terms sum up the same amount. Therefore, we
provide the following definitions, called semi-strong definitions of the
improving sequence effect.

Definition 2 (Cruz-Rambaud et al. (2018)). Given an amount .S and a
period of time n, an intertemporal choice is said to satisfy the improving
sequence effect if, for every d > 0, the sequence

(a,1),(a+d,2),(a+2d,3),...,(a+ (n—1)d,n),

where a = % - "2;ld > 0, is preferred over the following decreasing se-
quence
(a+(n—-1d,1),(a+(m—-2)d,2),...,(a+d,n—1),(a,n),

all terms summing up S.

Definition 3. Given an amount .S and a period of time n, the intertem-
poral choice is said to satisfy the improving sequence effect if there is a
d > 0 such that the sequence

(a,1),(a+d,2),(a+2d,3),...,(a+ (n—1)d,n),

where a = 5 - —d > 0, is preferred over the rest of sequences whose
positive terms mature at1,2,...,n, and are constant or variable (increas-
ing or decreasing) in arithmetic progression, all terms summing up S.

Observe that these three definitions fit the idea behind the improv-
ing sequence effect and that Definition 1 implies both Definitions 2
and 3. Nevertheless, taking into account the results of the experimental
analysis on this effect, Definition 3 fits better than the other ones and
it also allows a computational treatment when solving analytically the
equation leading to the best sequence.
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2.2. Previous experimental studies on monetary sequences

Numerous researchers have conducted experimental studies in or-
der to test the existence of the improving sequence effect. Table 1
summarizes most of the previous experimental studies on preferences
over monetary sequences. This table presents the main characteristics
of these experiments such as the time horizon of the study, material,
procedure, characteristics of participants, given incentives, results of
preferences for decreasing, constant or improving sequences, and argu-
ments whereby subjects select such sequences.

The study by Loewenstein and Sicherman (1991) first demonstrates
that individuals prefer increasing monetary sequences. More specifi-
cally, they study preferences for income streams and show that prefer-
ence for improvement is stronger for wage income than for rent income.
This finding challenges the present value maximization principle in-
volved in the traditional discounting model. Even when this argument
is presented to subjects, they do not change their choices. The partici-
pants state that they select improving sequences mainly because of their
pleasure from increase, the inflation over time and their aversion to a
decrease in income. Likewise, Gigliotti and Sopher (1997) suggest that
the violations of this principle in income choice can be explained by
the ignorance about basic financial notions, the lack of self-control to
avoid overspending, and the psychological boost that individuals get
from the pattern of the outcome and not just from the outcome it-
self.

Chapman (1996) gets the same results from her experiments. She
studies sequences of wage income for different time horizons: short
time (1 year) and lifetime (60 years). For both time horizons, the pref-
erence for improvement prevails. In this case, preferences are affected
by the expectations that subjects have about receiving their wage in-
come. The hypothesis that individuals prefer the sequences they expect
is confirmed by Read and Powell (2002). They conclude that partici-
pants select improving sequences for wage and lottery income because
they find it appropriate (i.e. the sequence corresponds to their consump-
tion pattern) and that appropriateness is highly related to expectations
since people usually think that what they expect is appropriate.

Similarly, Duffy and Smith (2013) obtain preferences for increases
in wage and lottery income. They conclude that such preferences are
moderated by the size of the rewards: the larger the size of the payment,
the stronger the preference for improvement.

Matsumoto et al. (2000), however, find out that having present
value knowledge seems to be central but not always determinant when
individuals value sequences of outcomes. Present value knowledgeable
subjects can assign value in conformity with the present value maxi-
mization condition, but unknowledgeable individuals are not able to
do so. The findings of their study indicate that, in most cases, subjects
with present value knowledge prefer being impatient to get the majority
of the outcomes as soon as possible rather than seeking improvement
when they evaluate several sequences of income. Nonetheless, in few
instances, people do not favor impatience and show preference for
improving sequences. This suggests that impatience does not always
coincide with the desire for maximizing present value and sometimes
knowledgeable individuals forgo at least some present rewards to ob-
tain an improvement in the future.

Guyse et al. (2002) also demonstrate that subjects favor decreasing
income sequences due to their awareness of present value knowledge
maximization. This preference is exhibited for both short (5 years) and
long-term (50 years) sequences.

Most authors that study monetary sequences agree that the majority
of individuals prefer improving sequences because they do not consider
present value maximization when evaluating sequences of outcomes,
instead they use alternative arguments (see Table 2). However, a few
individuals take this principle into account and select decreasing se-
quences.
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2.3. Understanding preferences over monetary sequences

Preference for improvement is exhibited by most individuals in the
experimental studies by Loewenstein and Sicherman (1991), Chapman
(1996), Schmitt and Kemper (1996), Gigliotti and Sopher (1997), Mat-
sumoto et al. (2000), Guyse et al. (2002), Read and Powell (2002),
and Duffy and Smith (2013). However, some of them also show that
this pattern does not always hold and that a few individuals choose
constant sequences (Gigliotti and Sopher, 1997) and decreasing se-
quences (Schmitt and Kemper, 1996, Matsumoto et al., 2000, Guyse
et al., 2002).

In order to understand the decisions people make, the reasons for
preferences over decreasing, constant and improving sequences are an-
alyzed. They are summarized in Table 2, which indicates the type of
sequence that each argument influences.

Below, we give a detailed description of the arguments, as well as
an explanation about how each argument affects preferences for certain
sequences.

Temporal preference. If it is given more importance to the utility
gained during the first periods than to the utility gained during the last
periods, a decreasing sequence is selected (Frederick and Loewenstein,
2008).

Saving. People prefer decreasing income sequences so they can sepa-
rate an amount of money in order to save it for future periods, without
considering investment (Read and Powell, 2002).

Preference for getting the best at the beginning. A decreasing sequence
allows subjects to avoid the negative feeling from the uncertainty of
receiving the outcomes in the distant future. Accelerating the receipt of
the majority of the outcomes in the first periods reduces the feeling of
risk (Loewenstein and Prelec, 1991).

Age of individuals. The age of individuals may affect their preference
over improving or decreasing sequences. Drolet et al. (2011) studied the
preferences among sequences of mixed affective events (non-monetary
outcomes) and their result was that young adults were influenced by the
temporal proximity of positive and negative effects. On the contrary,
old adults moderated their preferences by their ability to forestall un-
wanted emotional experiences. As a result, most of times, young adults
preferred to have the best outcomes at the beginning of the sequence,
whilst old adults waited until the end of the sequence to get them.

On the other hand, Strough et al. (2019) found that older adults
preferred taking the biggest event sooner instead of later, in both mone-
tary and hedonic contexts. Lockenhoff and Samanez-Larkin (2020) also
found greater preference for decreasing sequences (of monetary out-
comes) among older age subjects.

Certainty/Uncertainty. Preference for improvement implies the risk
of losing the best outcomes of the sequences. For instance, a social guar-
anty, such as a work contract, is a solution to cover this risk. In this
case, if a contract exists between an employee and an employer, the
employee would be confident about receiving the salary during a com-
mitted period (Brunner, 1999). Under this circumstance of certainty,
the employee prefers an increasing income sequence (Loewenstein and
Sicherman, 1991). On the contrary, if there is no contract, the employee
prefers to get most of the money as fast as possible (Brunner, 1999).
This means that, under uncertainty that future events will actually oc-
cur, the preference for decreasing sequences prevails (Loewenstein and
Sicherman, 1991, Frederick and Loewenstein, 2008).

Appropriate sequence. The most appropriate sequence is the one that
corresponds to the consumption pattern (Read and Powell, 2002). Indi-
viduals prefer decreasing income sequences to cover immediate needs
of spending. In contrast, they select improving sequences of income
to face the needs of spending in the future periods (Loewenstein and
Sicherman, 1991).

Expectations. Preferences are moderated by expectations about how
sequences are usually experienced. Supported by the results of three
experiments, Chapman (1996) introduced the following relationships
between expectations and preferences:



Table 1. Experimental studies on outcome sequences. Source: Modified from Guyse et al. (2002).
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Study Outcomes Time Material Method to evaluate Participants Incentives Preferred Reasons for sequence
description horizon sequences sequences preferences
Loewenstein and Sicherman (1991) Wage income 6 years Questionnaire with 7 Rank the sequences 41 visitors to Museum $3.75 per Improving Pleasure for increase in
bar charts from 1(the best) to of Science and participant income, aversion to
7 (the worst) Industry in Chicago decrease in income,
future needs, insurance
against uncertain future,
self-control, motivation
Loewenstein and Sicherman (1991) Rent income 6 years Questionnaire with 7 Rank the sequences 39 visitors to Museum $3.75 per Improving Pleasure for increase in
bar charts from 1 (the best) to of Science and participant income, aversion to
7 (the worst) Industry in Chicago decrease in income,
future needs, insurance
against uncertain future,
self-control, motivation
Loewenstein and Sicherman (1991) Income 6 years Questionnaire with 2 Select the 80 visitors to Museum $3.75 per Improving Pleasure for increase in
bar charts and improving sequence of Science and participant income, aversion to
arguments for each or the decreasing Industry in Chicago decrease in income,
one sequence future needs, insurance
against uncertain future,
self-control, motivation
Chapman (1996) Wage income Lifetime: 60 Questionnaire with 16 Rank the sequences 40 undergraduate Class credit Improving Expectations
years, from bar charts from 10 (perfect) to students at the
20 to 80 1 (very bad) University of Illinois
years old
Chapman (1996) Wage income Lifetime: 60 Questionnaire with 10 Rank the sequences 50 undergraduate Class credit Indifferent, Expectations
years, from bar charts from 10 (perfect) to students at the improving
20 to 80 1 (very bad) University of Illinois and
years old decreasing
Chapman (1996) Wage income 1 year Questionnaire with 10 Rank the sequences 50 undergraduate Class credit Improving Expectations
bar charts from 10 (perfect) to students at the
1 (very bad) University of Illinois
Chapman (1996) Wage income Lifetime: 60 Questionnaire with 10 Rank the sequences 79 undergraduate Class credit Improving Expectations
years, from bar charts from 10 (perfect) to students at the
20 to 80 1 (very bad) University of Illinois
years old
Chapman (1996) Wage income 12 days Questionnaire with 10 Rank the sequences 79 undergraduate Class credit Improving Expectations
bar charts from 10 (perfect) to students at the
1 (very bad) University of Illinois
Schmitt and Kemper (1996) Rewards Unspecified Table with 4 Select the constant 10 college students $6 per hour Exponential Magnitude and change
improving sequences sequence or one of improving rate of the improve
and 1 constant the improving
sequence, with 24 sequences
rewards each one
Schmitt and Kemper (1996) Rewards Unspecified Table with 4 Select the constant 10 college students $6 per hour Linear Magnitude and change
decreasing sequences sequence or one of decreasing rate of the decrease
and 1 constant the decreasing
sequence, with 24 sequences
rewards each one
Schmitt and Kemper (1996) Rewards Unspecified Table with 4 Evaluate the 42 college students $6 per hour Step Magnitude and change
improving sequences improving improving rate of the improve

and 1 constant
sequence, with 24
rewards each one

sequences with
respect to the
constant one, from
1 (the best) to 9
(the worst)

£49502 (020Z) 9 UoAoH



Table 1 (continued)

Study Outcomes Time Material Method to evaluate Participants Incentives Preferred Reasons for sequence
description horizon sequences sequences preferences
Schmitt and Kemper (1996) Rewards Unspecified Table with 4 Evaluate the 45 college students $6 per hour Logarithmic Magnitude and change
decreasing sequences improving decreasing rate of the decrease
and 1 constant sequences with
sequence, with 24 respect to the
rewards each one constant one, from
1 (the best) to 9
(the worst)
Gigliotti and Sopher (1997) Payment 6 weeks Questionnaire with 3 Select between a Students of Unspecified Constant Self-control, ignorance
stream groups of 3 payment pair of payment introductory economic about PV maximization
streams each streams within each classes at the Rutgers and psychological boost
group University from the pattern of the
outcome and not just the
outcome itself
Gigliotti and Sopher (1997) Payment 5 years Questionnaire with 3 Select between a Students of Unspecified Improving Self-control, ignorance
stream groups of 3 payment pair of payment introductory and about PV maximization
streams each streams within each intermediate economic and psychological boost
group classes at the Rutgers from the pattern of the
University outcome and not just the
outcome itself
Matsumoto et al. (2000) Cash dividends 6 years Questionnaire with 6 Rank the sequences 54 undergraduate Free cafe Decreasing PV maximization
on common bar charts from 1 (the best) to seniors majoring in latte knowledge
stocks and 6 (the worst) accounting at the
wage income University of
Washington
(PV-knowledgeable
individuals)
Matsumoto et al. (2000) Wage income Lifetime Questionnaire with 2 Select the 54 undergraduate Free cafe Decreasing PV maximization
until bar charts improving sequence seniors majoring in latte knowledge
retirement or the decreasing accounting at the
sequence University of
Washington
(PV-knowledgeable
individuals)
Matsumoto et al. (2000) Wage income 6 years Questionnaire with 6 Rank the sequences 376 undergraduate Class credit Group A: PV maximization
and rent constant cash flow bar from 1 (the best) to students from decreasing. knowledge
income charts and 6 constant 6 (the worst) accounting courses at Group B:
PV bar charts the University of improving
Illinois. Group A: 85
high present
value-knowledge
participants. Group B:
291 low PV-knowledge
participants
Matsumoto et al. (2000) Wage income 6 years Three questionnaire Rank the sequences 50 undergraduate Class credit Improving PV maximization
(improving PV, from 1 (the best) to accounting majors at knowledge:
constant PV and 6 (the worst) the University of PV-knowledgeable
decreasing PV) with 6 Connecticut individuals forgo at least
sequences for each one (PV-knowledgeable some PV to obtain
individuals) improvement
Guyse et al. (2002) Income 5 years Questionnaire with 7 Evaluate the 48 graduate business $5 per Decreasing PV maximization
bar charts sequences based on students at the participant knowledge

the preferences
from O
(unfavorable) to
100 (perfect)

University of
California, Irvine

PNDqUIDY ZN.D °S PUD SDII92.LIOL ZOUNJ ‘[ “DIUDD Y
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Table 1 (continued)

Study Outcomes Time Material Method to evaluate Participants Incentives Preferred Reasons for sequence

description horizon sequences sequences preferences

Guyse et al. (2002) Income 50 years Questionnaire with 7 Evaluate the 48 graduate business $5 per Decreasing PV maximization
bar charts sequences based on students at the participant knowledge

the preferences University of
from 0 California, Irvine
(unfavorable) to

100 (perfect)

Read and Powell (2002) Wage income 1 year Think-aloud group: 5 Think-aloud group: Think-aloud group: 40 Think-aloud Improving Appropriate sequence.
bar charts combined choose between members of the group: £5 This sequence is the most
into 5 choice pairs. pairs of sequences University of Leeds per appropriate, because it
Choice-only group: 5 and argue the community . participant. corresponds to the
bar charts combined choice. Choice-only Choice-only group: 25 Choice-only consumption pattern
into 10 choice pairs group: choose people from a local group: £4

between pair of amateur orchestra in per
sequences Leeds participant

Read and Powell (2002) Lottery income 1 year Think-aloud group: 5 Think-aloud group: Think-aloud group: 40 Think-aloud Improving Appropriate sequence.
bar charts combined choose between members of the group: £5 This sequence is the most
into 5 choice pairs. pairs of sequences University of Leeds per appropriate, because it
Choice-only group: 5 and argue the community . participant. corresponds to the
bar charts combined choice. Choice-only Choice-only group: 25 Choice-only consumption pattern
into 10 choice pairs group: choose people from a local group: £4

between pair of amateur orchestra in per
sequences Leeds participant

Read and Powell (2002) Wage income Lifetime: 60 Think-aloud group: 5 Think-aloud group: Think-aloud group: 40 Think-aloud Improving Appropriate sequence.:

years, from bar charts combined choose between members of the group: £5 this sequence is the most
20 to 80 into 5 choice pairs. pairs of sequences University of Leeds per appropriate, because it
years old Choice-only group: 5 and argue the community. participant. corresponds to the
bar charts combined choice. Choice-only Choice-only group: 25 Choice-only consumption pattern
into 10 choice pairs group: choose people from a local group: £4
between pair of amateur orchestra in per
sequences Leeds participant

Duffy and Smith (2013) Wage income 6 years Questionnaire with 6 Select the preferred 105 participants from Class credit Improving The size of the payment:

bar charts sequence economics classes at and $20 per the preference for
the Rutgers 25 improving sequences of
University-Camden participants income is stronger when
the payments are larger

Duffy and Smith (2013) Wage income 6 years Questionnaire with 6 Select the preferred 104 undergraduate Class credit Improving The size of the payment:
bar charts sequence and graduate students the preference for

of psychology at the improving sequences of
Rutgers income is stronger when
University-Camden the payments are larger

Duffy and Smith (2013) Lottery income 6 years Questionnaire with 6 Select the preferred 108 undergraduate Class credit Improving The size of the payment:

bar charts sequence and graduate students the preference for
of psychology at the improving sequences of
Rutgers income is stronger when
University-Camden the payments are larger

Duffy and Smith (2013) Wage income 7 years Questionnaire with 6 Select the preferred 230 law students at $50 per 50 Improving The size of the payment:

bar charts sequence the Rutgers participants the preference for
University-Camden improving sequences of
income is stronger when
the payments are larger

Duffy and Smith (2013) Wage income 6 years Questionnaire with 6 Select the preferred 166 undergraduate Class credit Improving The size of the payment:

bar charts

sequence

and graduate students
of psychology at the
Rutgers
University-Camden

the preference for

improving sequences of
income is stronger when
the payments are larger
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Table 2. Reasons for preferences over monetary sequences. Source: Modified from Read and Powell (2002).

Arguments

Decreasing sequence

Constant sequence Improving sequence

Temporal preference

Saving

Preference for getting the best at the beginning
Age of individuals

Certainty/Uncertainty

Appropriate sequence

Expectations

Awareness or ignorance about present value maximization principle
Convenience

Equitable distribution

Desire for receiving the same salary over time

NSNS S

Loss aversion

Self-control

Debt aversion

Motivation and good signal

Preference for leaving the best to the end
Inflation

Reference point and positive utility

Size of outcome

Extrapolation

NSNSSSSSASsS
NS SsS N

SN SSNSSNSSsS S

1. Subjects prefer expected sequences because unusual sequences are
so unfamiliar that it is difficult to evaluate their utility.

2. Expectations are influenced by preferences through wishful think-
ing. A strong preference for improvement induces an expectation
of improvement.

3. Expectations are used as reference points. Individuals adapt to their
current condition, which becomes a reference point, and prefer im-
provement relative to it.

Expectations and preferences may vary from the sequence length.
On the one hand, people prefer short-term sequences of money with an
improving trend; but on the other hand, they prefer lifetime sequences
of money with either an improving or a decreasing trend (Chapman,
1996, 2000).

Therefore, based on their own expectations, individuals prefer de-
creasing, constant or improving sequences. In other words, they choose
the sequence they consider as the most realistic one (Read and Powell,
2002).

Awareness or ignorance about present value maximization principle.
Subjects with knowledge about present value maximization principle
prefer decreasing sequences, since these sequences let them increase
their income through investment and interest income (Loewenstein and
Sicherman, 1991, Matsumoto et al., 2000, Read and Powell, 2002, Fred-
erick and Loewenstein, 2008).

Nonetheless, based on the conclusions from Gigliotti and Sopher
(1997), it is possible that even when people are aware of the present
value maximization principle, they select constant or improving se-
quences. This is because they do not view income as simply a means to
an end but instead they give more importance to the pattern of the se-
quence. Moreover, individuals opt for constant or improving sequences
of income to cover their needs if their financial knowledge is bounded.
They do not consider present value maximization principle while mak-
ing decisions for the reason that they are not able to calculate it; the
time and effort to even try it are not worthwhile. Also, due to this lim-
itation of knowledge, they do not understand the relationship between
income and expenditure: the lower the present value of the income se-
quence, the lower the resources available for spending.

Convenience. Constant sequences of income are easier to manage.
For some people, it is simpler to deal with financial payments and plan
their expenditures if the amount of income received every month does
not vary (Read and Powell, 2002).

Equitable distribution. The constant sequence allows subjects to select
a distribution of income without deliberating deeply about which is the
optimal (Frederick and Loewenstein, 2008).

Desire for receiving the same salary over time. Individuals get a psy-
chological boost from the pattern of the outcome and not just from the
outcome itself (Gigliotti and Sopher, 1997). Thus, in order to receive
outcomes uniformly over time, they would prefer a constant sequence
(Frederick and Loewenstein, 2008). This preference for uniform se-
quences has also been found, in a different domain, in the experimental
study by Guyse et al. (2020), where preferences over sequences of lives
saved were analyzed.

Loss aversion. Individuals are averse to decrease (Loewenstein and
Prelec, 1991, Loewenstein and Sicherman, 1991). Constant and/or im-
proving sequences work as a hedge against the unpleasantness of de-
clining income sequences (Gigliotti and Sopher, 1997).

Self-control. The preference for constant and/or improving se-
quences, mainly the constant one, is based on the concern of individuals
to manage their expenses correctly. Some people choose constant or im-
proving sequences due to the fact that they do not trust themselves to
make correct decisions for their own benefit during a specific period of
time. This way, they limit their behavior and choices to avoid affecting
their status quo (Gigliotti and Sopher, 1997). In other words, subjects
avoid decreasing sequences because they consider themselves “vulner-
able to a tendency to overspend” (Read and Powell, 2002). It is easier
for them to restrict themselves from unnecessary expenses if the distri-
bution of the sequence is constant or increasing over time (Loewenstein
and Sicherman, 1991).

Debt aversion. 1t is preferred to receive the salary payment constantly
or incrementally to avoid the feeling of “being in debt” when receiving
most of the amount at the beginning of the sequence (Read and Powell,
2002).

Motivation and good signal. Even though motivation is different for
each person, generally, individuals feel motivation and esteem at their
job when their income sequence increases. “They may associate wages
with productivity and derive utility from a feeling of mastery when
wages increase” (Loewenstein and Sicherman, 1991). The increase in in-
come is a positive signal of success and status (Read and Powell, 2002).

Preference for leaving the best to the end. The improving sequence gen-
erates a positive feeling derived from the receipt of most of the biggest
outcomes in the future and the increase in utility each period (Loewen-
stein and Sicherman, 1991). Delaying the outcomes or receiving most
of them during the last periods, increases the satisfaction (Loewenstein
and Prelec, 1991, Frederick and Loewenstein, 2008).
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Inflation. Improving sequence of income is a hedge against inflation.
It allows people to protect their standard of living and their consump-
tion through the offset of the increase in price with the increase in
income (Loewenstein and Sicherman, 1991).

Reference point and positive utility. People generally adapt to their
current situation that becomes a reference point. The gains or losses are
relatively evaluated with respect to this reference point (Loewenstein
and Prelec, 1991, Chapman, 1996). By selecting improving sequences,
the utility of outcomes at an instant of time (reference point) can be
compared positively with the utility of other outcomes or events at pre-
vious or later times (Frederick and Loewenstein, 2008).

Size of outcome. There is a direct relationship between the preference
for improving payments and the size of payments: the preference for
improvement is increasing with the size of payments (Duffy and Smith,
2013).

Extrapolation. The increasing distribution is preferred because it is
considered that future sequences will follow the same increasing trend
(Frederick and Loewenstein, 2008). For instance, individuals think the
income they will receive in their next job will be affected by the income
they currently receive (Gigliotti and Sopher, 1997).

2.4. Valuation models for monetary sequences

In addition to the discounted utility model by Samuelson (1937),
there are some other models, methods and techniques that have been
developed to value sequences more appropriately. For example, the
one-parameter model by Mazur (1984), the general model for prefer-
ences over outcome sequences by Loewenstein and Prelec (1993), the
techniques to compute the total utility of sequences of income by Bau-
cells and Sarin (2007), the model of how individuals choose between
time sequences of monetary sequences by Manzini et al. (2010), and
the time-tradeoff sequence tool to analyze intertemporal choice by At-
tema et al. (2010).

In the following sections, we present the most common models to
value monetary sequences, the discounted utility model and the one-
parameter model, as well as an alternative model to value sequences
that is proposed in this paper. These models use ordinary annuities be-
cause the salaries in this country are most commonly paid at the end of
each month.

2.4.1. Discounted utility model

The discounted utility model developed by Samuelson (1937) is used
to evaluate individuals’ decisions, assuming these are rational and con-
sistent, and based on stable and well-defined preferences (Loewenstein
and Thaler, 1989). This model, based on exponential discounting, as-
sumes that the present value of an amount x, available at a specific
moment of time ¢ in the future and at a constant discount rate r, de-
noted by PV (x,1), can be calculated as:

PV (x,t)= (%H)tx. 1)

This traditional discounting model is used to value not only single
outcomes, but also sequences of outcomes, such as X = (x;,x,,...,x,),
with the following equation:

PV(X):ZH“(ILH)tx,. @

=1

Using this model, a decreasing sequence has the highest present
value if r > 0, while an improving sequence gets the highest present
value if r < 0. Given the condition of the discounted utility model that
the discount rate must be positive, it is concluded that this model can
not predict preferences for improving sequence (Guyse et al., 2002).
Also, this is mathematically proved with Theorem 1.

Theorem 1. The present value of the annuity a,a+d,a+2d,...,a+(n—1)d
such that a+(a+d)+(a+2d)+ -+ (a+(n—1)d) = S, using the exponential
discounting, is decreasing with respect to d.
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2.4.2. One-parameter model

The one-parameter model by Mazur (1984) is the simplest and the
most common representation of hyperbolic discounting. This model is
used to explain inconsistent behavior of individuals, since it is experi-
mentally observed that the discount rate is not constant over time, as
the discounted utility model requires (Frederick et al., 2002, Musau,
2014).

The hyperbolic discount function of this model includes two behav-
ioral features: extreme impatience for rewards takes place in the short
term and the discount rate declines over time. Its functional form is
represented in Eq (3):

1
1+kt’

where F(¢) is the discount function, k is the discount rate, and ¢ is the
time of delay.

As stated by Musau (2014), F'(1) <0, that is, F(¢) is strictly mono-
tone decreasing. Moreover, Equation (4) shows that the first derivative
of the function with respect to k is negative:

F()= 3)

d 1 t
4 =——"' <0,t>0,k>0. 4
dk(1+kt> (1 + kt)? )

Thus, to calculate the present value of a sequence using this model,
the following equation must be used:

1

T+ kit ®

n
PV(X)=Y
=1
Like the discounted utility model, the one-parameter model cannot
predict preferences for improving sequences. Theorem 2 proves and
generalizes this statement mathematically.

Theorem 2. The present value of the ordinary annuity a,a + d,a +
2d,...,a+(n—1)d suchthat a+ (a+d)+(a+2d)+ -+ (a+(n-1)d)=S,
using any discount function including the hyperbolic one, is decreasing with
respect to d.

2.4.3. An alternative model

In an intertemporal consumption maximization problem, with sepa-
rable time preferences, concave utility function and a risk-free asset in
the economy, it is possible to have an increasing sequence of intertem-
poral consumptions if the decision maker is patient enough. However,
we will first generalize this statement to a concave utility function and
arbitrary discount function.

In effect, let u be a concave utility function (¢’ > 0) and F an ar-
bitrary discount function. In this case, the Net Present Value (NPV) is
given by:

n—1
NPV = Z u(a+ kd)F(k +1).
k=0

If u is differentiable, one has:

n—1
dNPV _ oy
- —kz::‘)(k 2)u(a+kd)F(k+1).

Assume that, moreover, «’ is continuous. For d =0, one has:

n—1

-y (k - g) W (@F(k +1).

4=0 " k=0

dNPV
dd

Observe that, in the former expression, as u’(a) is constant and F is
decreasing, the negative summands are greater, in absolute value, than
the positive ones, that is to say:

3 (k— g)u'(a)F(k+ n>y (k— g)u'(a)F(k+ 0.

n n
k<§ k>§
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Therefore,

dNPV

<0.
dd

d=0

For values of d large enough, as u'(a + kd) can increase very rapidly,
one has:

> (k— g)u’(a)F(k+1) <y (k— g)u’(a)F(k+l)

n n
k< 3 k< 3
and, therefore,

dNPV
dd
Consequently, by the Theorem of the Intermediate Value, there ex-
ists d > 0 such that

> 0.

dNPV|
dd  |4=q,

Observe that this reasoning holds if, in particular, F is exponential
discounting.

2.4.4. Another alternative model

Loewenstein and Sicherman (1991) observe that a great number of
individuals prefer improving sequences to protect their standard of liv-
ing and their consumption, and to cover future spending needs. These
arguments can be interpreted as: subjects select improving sequences
for the reason that they relate the sequence growth rate to a reference
growth rate, such as the inflation rate that indicates the expected in-
crease rate of their consumption or the expected increase rate of their
salary.

In order to systematize this behavior and include it in sequence eval-
uations, we develop a new valuation method based on the discounted
utility model Samuelson (1937). As shown by Theorem 1 and confirmed
by Theorem 2, the present value of an annuity variable in arithmetic
progression with common difference d, is greater than the present
value of the annuity with common difference d, if, and only if, d; < d,,
provided that the terms of both annuities sum up the same amount.
Moreover, this statement is valid not only when valuing with the expo-
nential discounting but also with any separable discount function. This
makes that the discount function used to assess such sequences has to
be non-separable, i.e., of the form F(x,7). Specifically, we propose the
following methodology to be applied to this situation.

The first step to value a sequence of outcomes, denoted as X =
(x1,%y,...,X,), is to calculate the geometric mean (g) of the growth rates
between two consecutive outcomes (x,):

n L
X n—1
= ! -1 (6)
& g (xr—l )

This rate is compared to a reference rate in order to find the se-
quence with a growth rate more similar to the reference rate. Hence, the
model computes the relative difference (c¢) between the so-calculated
geometric mean (g) of the sequence and the reference rate (r):

: )

_ 1+g_1_g—r
Y T l+r

Afterwards, the present value of the sequence is calculated using the
difference (c) as the new discount rate:

n
1 t
PV (X)= ( ) . 8
Once the present values of all sequences are calculated, we observe
that the greatest present value would correspond to the sequence with
the lowest difference in absolute value (c), which should coincide with
the most preferred sequence by subjects. Based on the results of the
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aforementioned experimental studies, this sequence has an increasing
trend.

In order to illustrate the application and the usefulness of this
method, we value seven income sequences (Table 3) used in the ex-
periment conducted by Loewenstein and Sicherman (1991), with our
alternative model and the discounted utility model. Each of the seven
sequences sums up $150,000, but this amount is distributed differently.
Job 1 is decreasing, Job 2 is constant and Job 3 to Job 7 are increasing
with different slopes, having the third sequence the slightest slope and
the seventh sequence the steepest slope.

On the one hand, Table 3 displays the present value of each se-
quence using our alternative model. We follow the aforementioned
methodology to calculate it. First, g is calculated for each sequence
with Eq (6). Subsequently, as shown in Eq (7), ¢ is computed using
g and r. The reference rate (r) is equal to 1.10% and calculated as a
weighted geometric mean of the Spain’s Consumer Price Index (Inter-
national Monetary Fund, 2015) for 5 years (¢ — 1 periods). Then, PV is
computed with Eq (8) using ¢ as the discount rate. On the other hand,
Table 3 also exhibits the present value of the sequences using the dis-
counted utility model, defined by Eq (2). The discount rate (k) for this
model is 10%, the one used by Loewenstein and Sicherman (1991).

According to the results of our alternative model, the most pre-
ferred sequence is Job 3. This result coincides with the experimental
findings by Loewenstein and Sicherman (1991) after they showed the
arguments to their participants. This implies that subjects mostly pre-
fer the sequences with positive slopes and smaller differences between
the growth rate (g) and the reference rate (r). As shown in this exam-
ple, sometimes individuals prefer a decreasing sequence rather than an
increasing sequence if its slope, in absolute value, is slighter than the
slope of the increasing sequence. Contrariwise, the discounted utility
model does not predict subjects’ preferences. In this case, the highest
present value corresponds to Job 1 (decreasing sequence), whilst Job
7 (increasing sequence with the sharpest slope) has the lowest present
value, as expected.

In summary, our proposed alternative model outperforms the dis-
counted utility model since it better reflects individuals’ preferences for
improving sequences.

Observe that each sequence has been assessed with a different dis-
count rate. In effect, the discount rate to value the sequence X is ﬁ,
where ¢ has been built starting from the values of the income included
in X. Finally, we have to highlight the following remarks:

1. This valuation model is not puzzling as it uses the Net Present Value
(NPV).

2. This is not the only way to classify sequences of outcomes, but, in
our opinion, this assessment model presents a strength as it is based
on the comparison of growth terms with a benchmark g (e.g., the
Consumer price Index: CPI) which is a way of referential decision
very usual among people.

3. If the reference rate changes, the preferences derived from the ap-
plication of the model may also change.

4. Obviously, the reference rate could be the combination of other
indexes. For example, we can use Laspeyres’ or Paasche’s index as
the weighted average of several simple price indexes.

5. This model is applicable for both increasing and decreasing se-
quences. In effect, observe that in Table 4 the utilities of Job 1
(decreasing) and Job 5 (increasing) have been determined and are
fairly the same. This is not a contradiction because, given a value
g of the reference rate (for example, a CPI equal to 2%), the deci-
sion maker could be indifferent between the receipt of a decreasing
sequence, which allows him/her little savings now (recall that in-
flation evolves with interest rates), and the receipt of more wage
at the end of the period, which allows him/her further savings for
retirement.
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Table 3. Present value (in thousands dollar) of income sequences using our alternative model (*) and the discounted utility model (**). Source: Modified from

Loewenstein and Sicherman (1991).

Sequence Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 pPV* Py

Job 1 27.00 26.20 25.40 24.60 23.80 23.00 130.67 109.84
Job 2 25.00 25.00 25.00 25.00 25.00 25.00 144.45 108.88
Job 3 24.00 24.40 24.80 25.20 25.60 26.00 147.33 108.40
Job 4 23.00 23.80 24.60 25.40 26.20 27.00 139.12 107.92
Job 5 22.00 23.20 24.40 25.60 26.80 28.00 131.22 107.44
Job 6 21.00 22.60 24.20 25.80 27.40 29.00 123.61 106.96
Job 7 20.00 22.00 24.00 26.00 28.00 30.00 116.25 106.47

3. Method salary-payment options shown in decreasing, constant and improving

The purpose of this experiment is to analyze the preferences for
monetary sequences, specifically income sequences, in short and long-
term. We aim to test and understand the existence of the improving se-
quence effect on these sequences. The experimental design of this study
is adopted from Loewenstein and Sicherman (1991). Some features of
their experiment are modified based on other studies: the method to
analyze the reasons for sequence preferences (Read and Powell, 2002),
the time horizons and the sequence distributions (Chapman, 1996).

3.1. Participants

The participants are 58 graduate students of three different graduate
programs. There are 36 female and 22 male. The age range is from 22 to
54 (mean age: 28). The Faculty of Economics and Business of Almeria
University approved this study and the participation of their students
who volunteered to be surveyed. Students were informed, prior to the
survey, that the questionnaires were anonymous and the data would
be used for research purposes only. The students did not receive any
incentive to participate.

The selection of this sample is in line with the samples used in the
experimental studies on outcome sequences reviewed in Table 3, where
22 out of 28 experiments used student samples. In addition, these sub-
jects had some knowledge about present value maximization due to the
fact that they were enrolled in master courses in Accounting and Cor-
porate Finance and in Business Administration and they were required
to have passed some compulsory courses in Economics. Thus, the ex-
periment is based on the assumption that all participants are aware of
the present value maximization principle and that their preference for
improving sequences, if any, is based on some other arguments rather
than on the lack of this knowledge. This makes the obtained results
more robust.

3.2. Material and procedure

The material to perform the study is a pen-and-paper questionnaire
composed of three parts and a section to collect socio-demographic
information such as age, gender, occupation, marital status and educa-
tional attainment (See Questionnaire in Appendix). The experiment was
done in three sessions, one for each graduate program. During the ses-
sions, directions and statements of the questionnaire were read aloud.
The subjects were asked to answer individually one part at a time and
not to read the next part by themselves.

The first two parts were aimed to gather some information related
to participants’ preferences about income sequences for different time
horizons: 6 years (short-term) and 60 years (long-term). The objective of
the third part was to show subjects the arguments whereby they select
decreasing, constant, and improving sequences of salary payments, and
to observe whether their preferences change from the first part.

Part 1 was based on questionnaires from Chapman (1996) and
Loewenstein and Sicherman (1991). Participants were asked to imag-
ine they were unemployed and received a job offer for the next 6
years (total salary of €150,000). Later, they were asked to rank eight

10

distributions, from 1 (the best) to 8 (the worst).

Part 2 was similar to Part 1, but it was related to lifetime income.
It presented nine salary-payment options (total salary of €1,500,000)
that individuals had to rank from 1 (the best) to 9 (the worst). Options
1,2, 3,4,5, 6,7 and 9 had the same distribution than the ones from
Part 1. Option 8 was added since it represents the most realistic life-
time distribution that described how income is generally experienced:
income increases until retirement (65 years old) and then drops to a
constant and lower level (Chapman, 1996).

Part 3 considered the same situation as Part 1, but only three se-
quences were exhibited: a decreasing, a constant, and an improving se-
quence. Additionally, some arguments to each sequence were included
in order to know the arguments on which they base their decisions.
Participants were asked to read these arguments and, based on them,
choose the option they prefer and rank the three most persuasive argu-
ments for that alternative, from 1 (the most convincing) to 3. Unlike the
experiment by Loewenstein and Sicherman (1991) that only showed ar-
guments for increasing and decreasing sequences related to the present
value maximization, this study also included arguments for constant se-
quences as well as a extended list of arguments for the other sequences
(see in Table 2).

4. Results and discussion

For the analysis of the collected information, every questionnaire
was reviewed in detail to test whether it was correct. As a result, one
questionnaire was removed because the participant’s answers did not
correspond to what was required. Also, Part 3 of 9 questionnaires was
canceled for the same reason. In summary, 57 and 48 questionnaires
were used for the first two parts and the third part, respectively.

Subsequently, the ranking values from the three parts were inverted
to make the analysis simpler: the highest values must correspond to the
most preferred sequences. This ranking order was not asked to subjects
in the questionnaire because it was definitely easier for them to assign
the number 1 to their most favorite option, as Loewenstein and Sicher-
man (1991) do in their study. Afterwards, the data analysis and the
statistical tests were performed.

4.1. Preferences over 6-year income sequences

In Fig. 2, the preferences for the 6-year income sequences are pre-
sented. The chart exhibits the mean ranking that participants give to
each option. It is observed that the most preferred sequence is the one
with slight increase (6.53), followed by constant (6.28) and moderate
increase (5.70). On the other hand, the least preferred distributions are
the stepped (2.16), sharp (2.70) and moderate decrease (3.93). In sum-
mary, people prefer increasing sequences rather than decreasing ones.

Since there are small differences between the mean ranking of the
sequences, an equality of means test is performed in order to vali-
date if the differences are significant or not (Crocker, 1974). First, the
Kolmogorov-Smirnov test (Lilliefors, 1967) and the Levene test (Lim
and Loh, 1996) are used to prove normality and equality of variance
conditions, respectively. The results of these tests show that the con-
dition of homoscedasticity is satisfied, but the assumption of normal
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Table 4. Statistical tests for 6-year and 60-year income sequences.

Test Critical value p-value
6-year 60-year
Kolmogorov-Smirnov test 0.0500 0.0000 0.0000
Levene test 0.0500 0.0864 0.0206
Kruskal-Wallis test 0.0500 0.0000 0.0000
Table 5. Bonferroni test for 6-year income sequences (the number into parentheses indicate the number of the job).
Sequence shape Constant Moderate Moderate Sharp Sharp Slight Slight
decrease increase decrease increase decrease increase
(5) 3) 7) (2) (8) “4) (6)
Moderate decrease (3) 0.0000 - - - - - -
Moderate increase (7) 1.0000 0.0000 - - - - -
Sharp decrease (2) 0.0000 0.0059 0.0000 - - - -
Sharp increase (8) 0.0000 1.0000 0.0001 0.0003 - - -
Slight decrease (4) 0.0000 0.8165 0.0409 0.0000 1.0000 - -
Slight increase (6) 1.0000 0.0000 0.3492 0.0000 0.0000 0.0000 =
Stepped decrease (1) 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
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Sequence shape

Fig. 2. Mean ranking for 6-year income sequences.

distribution is violated. For this reason, instead of performing Analysis
of Variance (ANOVA) test to validate the equality of means (Sierra-
Bravo, 1979), the Kruskal-Wallis test is applied. This is a nonparametric
alternative to the one-way ANOVA that can be applied to data that are
not normally distributed and do not have equal variances (Ostertagova
et al., 2014). Table 4 exhibits the results of the tests.

Although the Kruskal-Wallis test indicates differences between the
means of the sequences, it does not show specifically which sequences
are different or similar. Thus, Bonferroni test (a multiple comparison
test) is performed in order to identify the sequences with equal and
different means. This is a pairwise test that compares the p-value of
each pair of sequences with the critical value (0.05) to accept (p-value
> critical value) or reject (p-value < critical value) the null hypothesis:
there are not significant differences between the means of the pair of
the considered sequences (Bland and Altman, 1995). The results of this
test are shown in Table 5.

Based on the Bonferroni test, the preferences of respondents are di-
vided into three groups due to equality of means: (1) the participants
prefer as their first options the slightly increasing sequence, constant
sequence and moderately increasing sequence; (2) as second options,
they choose slightly decreasing sequence, sharply increasing sequence
and moderately decreasing sequence; finally, (3) the least preferred
sequences are sharply decreasing sequence and stepped decreasing se-
quence.

4.2. Preferences over 60-year income sequences

The 60-year income preferences show a pattern quite similar to the
pattern of 6-year income preferences (Fig. 3). The three options with the
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Sequence shape

Fig. 3. Mean ranking for 60-year income sequences.

highest ranking are those exhibiting constant, slight increase and slight
decrease, with means of 6.74, 6.39 and 5.70, respectively. According to
participants, the worst distribution is the one showing sharp increase,
followed by the sharp and stepped decrease distributions.

Equality of means test is performed since, like in the 6-year se-
quences, there are small differences between the mean ranking of the
60-year sequences. In this case, neither normality nor homoscedasticity
conditions are satisfied, thus the Kruskal-Wallis test is therefore applied.
Table 4 shows the rejection of the null hypothesis: the differences be-
tween the means are not significant.

Using the Bonferroni test, it is possible to identify the sequences
that are different or similar to each other. The results (Table 6) ex-
hibit that respondents’ preferences are divided into three groups: (1)
they prefer as their first options the distributions with constant trend,
slight increase, slight decrease and moderate increase; (2) they select
distribution with moderate decrease as their second options; and (3)
the distributions they choose as their last options are those exhibiting
realistic increase, stepped decrease, sharp decrease and sharp increase.

4.3. The influence of arguments on preferences over income sequences

After showing the arguments from experts to motivate participants
to choose the decreasing, constant, or improving sequences, 60% of
respondents select the improving sequence, 21% of them prefer the
constant sequence, and 19% like the decreasing sequence. In order to
compare these results with the ones from Part 1, the most preferred
sequences (sequences rated by individuals as number 1) from the first
part are classified into three groups: decreasing sequence (Job 1 to Job
4), constant sequence (Job 5) and improving sequence (Job 6 to Job 7).
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Table 6. Bonferroni test for 60-year income sequences (the number into parentheses indicate the number of the job).

Sequence shape Constant Moderate Moderate Sharp Realistic Sharp Slight Slight
decrease increase decrease increase increase decrease increase

©) @) @) €] ® ©) “@ )

Moderate decrease (3) 0.0261 - - E o - R

Moderate increase (7) 0.0686 1.0000 - - = =

Realistic increase (8) 0.0000 1.0000 1.0000 - - -

Sharp decrease (1) 0.0000 0.0019 0.0006 0.7451 - - -

Sharp increase (9) 0.0000 0.0006 0.0002 0.3446 1.0000 - -

Slight decrease (4) 0.6701 1.0000 1.0000 0.1905 0.0000 0.0000 -

Slight increase (6) 1.0000 0.3446 0.7451 0.0006 0.0000 0.0000 1.0000 -

Stepped decrease (2) 0.0000 1.0000 0.5399 1.0000 1.0000 1.0000 0.0524 0.0001
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Fig. 4. Detailed changes on preferences.

Number of respondents
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Sequence shape

Fig. 5. Total changes on preferences: choices before (-) and choices after (- -)
showing the arguments.

This classification is made only for the preferences of individuals who
respond correctly to Part 3 (48 participants). Comparing the results of
both parts, it is observed that 19 of 48 people changed their preferences,
as shown in Fig. 4. In total, 6 more people modified their preferences to
the improving sequence after reading the arguments (shown in Fig. 5).

Fig. 6 exhibits the total ranking given to the arguments of decreas-
ing, constant and improving sequences. The blue part of each bar rep-
resents the ranking provided by respondents who maintain their pref-
erences in Part 3 with respect to their preferences from Part 1, and the
yellow one corresponds to the ranking given by the people who modify
their choices. In other words, the blue color shows the arguments for
which some people choose a sequence and keep their preferences and
the yellow color shows the arguments for which some other people are
convinced to change their initial choices.

For decreasing sequences (Fig. 6a), overall, the argument that re-
ceives the highest ranking is “present value maximization”. However,
people who change their preferences to this sequence argue that they
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do so mainly because they like to get the best outcomes at the beginning
of the sequence.

In general, “debt aversion” is the most popular argument among par-
ticipants who select constant sequences (Fig. 6b). Moreover, this is the
principal argument motivating subjects to modify their choices. Never-
theless, respondents who initially select this sequence argued they do
so for the reason that they find it easy to manage (“convenience”).

Since the improving sequence is the most preferred before and af-
ter showing the arguments to participants, its arguments get the highest
ranking. “Future spending needs” is the most popular argument, over-
all. This is the principal argument for which respondents choose the
increasing sequences and maintain their preferences. However, “moti-
vation” is the argument that causes subjects to modify their choices
(Fig. 6¢).

4.4. Valuation of 6-year and 60-year sequences

The sequences used in the experimental study to analyze preferences
are valued with the three valuation models presented in Subsection 2.4.
The objective of this process is to determine which model reflects par-
ticipants’ preferences most accurately.

Eq (2) is used to calculate the present value of the sequences with the
discounted utility model, where the discount rate (r) is 4.50%. The one-
parameter model is performed using Eq (5), where the discount rate (k)
is 4.50%. Moreover, Eq (6) to Eq (8) are applied to compute sequence
values using our proposed alternative model, where the reference rate
(r) is 1.10% for 6-year sequences and 1.47% for 60-year sequences. Let
us remember that the reference rate (r) is a weighted geometric mean of
the Spain’s Consumer Price Index (International Monetary Fund, 2015)
for t — 1 periods (¢ = 6,60).

Table 7 presents the results of the valuations for 6-year and 60-
year income sequences. It is shown that the model that better fits short
and long-term preferences over monetary sequences is our proposed
alternative model.

5. Conclusions

Through this research, we aim to test the existence of the improving
sequence effect on monetary sequences, as well as to understand why
most individuals prefer improving income sequences even though these
sequences do not provide the highest present value. Due to this, we also
aim to present a valuation model for sequences, which systematizes
people’ preferences for improvement.

Although the participants of our experimental study are aware of
the present value maximization principle, they show preference for
improvement for short and long-term sequences. They also show pref-
erence for uniform sequences. More specifically, they mostly prefer the
improving sequences with slight and moderate slopes, but they also
prefer constant and slightly decreasing sequences rather than sharply
increasing sequences. This means they mainly prefer to receive improv-
ing income sequences whose first and last payment do not significantly
differ from each other.
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(c) Increasing sequence

Fig. 6. Reasons for preferences over sequences from people who maintained (M) and modified (/) their choices.

Table 7. Valuation of 6-year and 6-year income sequences (in thousands euro).

Sequence Discounted utility model One-parameter model Alternative model
6-year 60-year 6-year 60-year 6-year 60-year
Job 1 130.31 547.11 131.38 738.50 120.16 337.34
Job 2 130.01 515.21 131.11 715.08 119.72 535.28
Job 3 129.48 508.79 130.64 710.58 130.67 497.07
Job 4 129.21 490.04 130.40 696.90 137.15 662.86
Job 5 128.95 471.56 130.17 683.40 144.45 970.18
Job 6 128.68 453.35 129.93 670.10 147.33 1,411.93
Job 7 128.42 435.41 129.69 656.97 139.12 839.80
Job 8 127.89 423.29 129.22 648.82 123.61 781.82
Job 9 - 400.36 - 631.29 - 336.12

We contribute to the literature by compiling an extensive review
of the previous experimental studies on monetary sequences and by
collecting the arguments on which individuals base their decisions
over monetary sequences. We used these arguments in our experiment
to understand people preferences. In our experiment, after presenting
the arguments to participants, the preference for improvement became
stronger since six more subjects selected improving sequences. “Motiva-
tion” is the argument that mainly influences these changes; but overall,
the most influential arguments on subjects’ preferences over improving
sequences are: “to cover future spending needs”, “to feel motivation at
job”, and “to receive a good signal of status and success”.

Moreover, we develop an alternative valuation model that reflects
subjects’ preferences for improvement and outperforms the discounted
utility model when evaluating monetary sequences.
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Appendix. Questionnaire

Age:

Gender: (Male) (Female)
Occupation:

Marital status:
Education attainment:

Directions

Below, there are 3 independent statements with specific directions
for each one. Please, read them carefully and answer what you are asked
for.

Part 1. Wage income for 6 years

Imagine that you do not have a job right now, but you have been
offered a 6-year job. You have the option to get the salary payment in
8 different ways. You are completely sure that you will keep the job
during the next 6 years. In this period, you will receive a total salary
of €150,000. It will be your only source of income. This amount is the
same for each payment choice.

Please, rank the following options from 1 (the best option) to 8 (the
worst option) according to the way you would like to get your salary
over the next 6 years. Do not consider the tax effect. Take into account
that the option you select will not affect neither the jobs you will get in
the future (from year 7) nor the wage you will receive for them.
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Job 1 (total 150,000 curos) Job 2 (total 150,000 curos) Job 3 (total 150,000 euros) Job 4 (total 150,000 curos)
30,000 30,000 30,000
25,000 25,000 25,000
20,000 20,000 20,000
15,000 15,000 15,000
10,000 10,000 10,000
5,000 5,000 5,000
0 2 3. 4 5 o 2 3. 4 5 2 3. 4 5 L B ]
Years Years Years Years
Job 5 (total 150,000 euros) Job 6 (total 150,000 euros) Job 7 (total 150,000 euros) Job 8 (total 150,000 euros)
30,000 30,000 30,000
25,000 25,000 25,000
20,000 20,000 20,000
15,000 15,000 15,000
10,000 10,000 10,000
5,000 5,000 5,000
0 0 0

Part 2. Wage income for 60 years

Imagine that you are 20 years old and you would live for 60 more
years. Below, there is a group of sequences that shows the salary you
will get from 20 to 80 years old. They are presented in groups of five
years. Please, consider that the income is constant for the 5 years. Do

of income. Each sequence is shown by a 12-bar graph with a total salary

not consider inflation. Suppose that this salary will be your only source

Job 1 (total 1,500,000 euros) Job 2 (total 1,500,000 euros) Job 3 (total 1,500,000 euros)

175,000 175,000 175,000

150,000 150,000 150,000

125,000 125,000 125,000

100,000 100,000 100,000

75,000 75,000 75,000

50,000 50,000 50,000

25,000 25,000 25,000

07720 25 30 35 40 45 50 55 60 65 70 75 0720 25 30 35 40 45 50 55 60 65 70 75 0720 25 30 35 40 45 50 55 60 65 70 75
Age (years) Age (years) Age (years)

Job 4 (total 1,500,000 euros) Job 5 (total 1,500,000 euros) Job 6 (total 1,500,000 euros)

175,000 175,000 175,000

150,000 150,000 150,000

125,000 125,000 125,000

100,000 100,000 100,000

75,000 75,000 75,000

50,000 50,000 50,000

25,000 25,000 25,000

07720 25 30 35 40 45 50 55 60 65 70 75 0720 25 30 35 40 45 50 55 60 65 70 75 0720 25 30 35 40 45 50 55 60 65 70 75
Age (years) Age (years) Age (years)

Job 7 (total 1,500,000 euros) Job 8 (total 1,500,000 euros) Job 9 (total 1,500,000 euros)

175,000 175,000 175,000

150,000 150,000 150,000 |

125,000 125,000 125,000

100,000 100,000 100,000

75,000 75,000 75,000

50,000 50,000 50,000

25,000 25,000 25,000

20 25 30 35 40 45 50 55 60 65 70 15
Age (years)

20 25 30 35 40 45 50 55 60 65 70 75
Age (years)

0

20 25 30 35 40 45 50 55 60 65 70 15
Age (years)

of €1,500,000. They distribute this amount in different ways.

Please rank the following options from 1 (the best option) to 9 (the
worst option) according to the way you would like to get your salary
over the next 60 years.



A. Garcia, M.J. Muriogz Torrecillas and S. Cruz Rambaud

Part 3. Decreasing sequence, constant sequence and improving se-
quence

Below, there are 3 salary payment options. For each of them, there
are arguments from some experts that expose the reasons why they
should be selected.

Based on these reasons, choose the option you would prefer and
enclose the corresponding graph in a box. Also, select the 3 most per-
suasive reasons for that alternative and rank them from 1 to 3. Give the
number 1 to the most convincing reason.

Decreasing sequence
The following graph shows the decreasing distribution of a total
salary of €150,000:

Job 2 (total 150,000 euros)

30,000
25,0001
20,0001
15,0001
10,0001

5,000 4

o0

Years

Below, you will find the reasons why you should choose this se-
quence:

Present value maximization. This sequence lets you increase your
income through investment and interest income.

Saving. This sequence lets you separate an amount of money in
order to save it for future periods, without considering investment.
Preference for getting the best at the beginning. This sequence
lets you avoid the negative feeling derived from the uncertainty of
receiving the salary in the distant future. Accelerating the salary
payment or receiving most of it in the first periods, reduces the
sense of risk.

Appropriate sequence. This sequence is the most appropriate, be-
cause it corresponds to my consumption pattern.

Expectations. This sequence corresponds to my future expecta-
tions of income.

Immediate need of spending. The distribution of the payment
sequence lets you cover the immediate expenses.

Temporal preference. It is given more importance to the utility
gained during the first periods than to the utility gained during the
last periods.

Constant sequence
The following graph shows the constant distribution of a total salary
of €150,000:

Job 5 (total 150,000 euros)

30,000
25,0001
20,0001
15,0001
10,0001

5,000 4

0

Years

Below, you will find the reasons why you should choose this se-
quence:
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Self-control. It is easier to restrict myself from unnecessary ex-
penses if the distribution of the sequence is constant over time.
Convenience. This sequence of income is easier to manage.

Debt aversion. It is preferred to receive the salary payment con-
stantly to avoid the sense of “being in debt” when receiving most
of the amount at the beginning of the sequence.

Appropriate sequence. This sequence is the most appropriate, be-
cause it corresponds to my consumption pattern.

Expectations. This sequence corresponds to my future expecta-
tions of income.

Desire for receiving equal salary over time.

Equitable distribution. The constant sequence lets you select a
payment option without deliberating deeply about the optimal dis-
tribution.

Improving sequence
The following graph shows the improving distribution of a total
salary of €150,000:

Job 8 (total 150,000 euros)

30,000

25,0001
20,0001
15,0001
10,0001

5,000 4

0 -

Below, you will find the reasons why you should choose this se-
quence:

Good signal. The increase in income is a positive signal of success
and status.
Motivation. The increase in income is a motivation for the em-

ployees.

Debt aversion. It is preferred to receive the salary payment in-
creasingly to avoid the sense of “being in debt” when receiving
most of the amount at the beginning of the sequence.

Preference for leaving the best at the end. This sequence gen-
erates a positive feeling derived from receiving most of the salary
in the future and the increase in income each period. Delaying the
payment or receiving most of it during the last periods, increases
the satisfaction.

Positive utility. The utility of a payment at an instant of time
can be compared positively with the utility of other payments at
previous or later instants of time.

Self-control. It is easier to restrict myself from unnecessary ex-
penses if the distribution of the sequence is improving over time.
Appropriate sequence. This sequence is the most appropriate, be-
cause it corresponds to my consumption pattern.

Expectations. This sequence corresponds to my future expecta-
tions of income.

Inflation. This sequence lets you protect your standard of living
and your consumption trough the offset of the increase in price
with the increase in income.

Future need of spending. The distribution of the sequence lets
you cover the need of spending in the future periods.
Extrapolation. The increasing distribution is preferred because it
is considered that the future sequences will follow the same in-
creasing trend.



A. Garcia, M.J. Muriogz Torrecillas and S. Cruz Rambaud

References

Attema, A., Bleichrodt, H., Rohde, K., Wakker, P., 2010. Time-tradeoff sequences for an-
alyzing discounting and time inconsistency. Manag. Sci. 56, 2015-2030.

Baucells, M., Sarin, R., 2007. Evaluating time streams of income: discounting what? The-
ory Decis. 63, 95-120.

Berns, G., Laibson, D., Loewenstein, G., 2007. Intertemporal choice — toward an integra-
tive framework. Trends Cogn. Sci. 11, 482-488.

Bland, J., Altman, D., 1995. Multiple significance test: the Bonferroni method. Br. Med.
J. 310, 170.

Brunner, D., 1999. Preference for sequences of rewards: further tests of a parallel dis-
counting model. Behav. Process. 45, 87-99.

Chapman, G.B., 1996. Expectations and preferences for sequences of health and money.
Organ. Behav. Hum. Decis. Process. 67, 59-75.

Chapman, G.B., 2000. Preferences for improving and declining sequences of health out-
comes. J. Behav. Decis. Mak. 13, 203-218.

Crocker, A.C., 1974. Significance. In: Statistics for the Teacher. NFER Publising Company,
pp. 59-69.

Cruz-Rambaud, S., Mufioz-Torrecillas, M.J., 2004. An analysis of the anomalies in tradi-
tional discounting models. Int. J. Psychol. Psychol. Ther. 4, 105-128.

Cruz-Rambaud, S., Mufioz-Torrecillas, M.J., Garcia, A., 2018. A mathematical analysis of
the improving sequence effect for monetary rewards. Front. Appl. Math. Stat. 4, 1-8.

Drolet, A., Lau-Gesk, L., Scott, C., 2011. The influence of aging on preferences for se-
quences of mixed affective events. J. Behav. Decis. Mak. 24, 293-314.

Duffy, S., Smith, J., 2013. Preference for increasing wages: how do people value various
streams of income? Judgm. Decis. Mak. 8, 74-90.

Frederick, S., Loewenstein, G., 2008. Conflicting motives in evaluations of sequences. J.
Risk Uncertain. 37, 221-235.

Frederick, S., Loewenstein, G., O’Donoghue, T., 2002. Time discounting and time prefer-
ence: a critical review. J. Econ. Lit. 40, 351-401.

Gigliotti, G., Sopher, B., 1997. Violations of present-value maximization in income choice.
Theory Decis. 43, 45-69.

Guyse, J.L., Keller, L.R., Eppel, T., 2002. Valuing environmental outcomes: preferences for
constant or improving sequences. Organ. Behav. Hum. Decis. Process. 87, 253-277.

Guyse, J.L., Keller, L.R., Huynch, C.H., 2020. Valuing sequences of lives lost or saved over
time: preference for uniform sequences. Decis. Anal. 17.

International Monetary Fund, 2015. World Economic Outlook: Uneven Growth, Short-
and Long-Term Factors.

16

Heliyon 6 (2020) e05643

Lilliefors, HW., 1967. On the Kolmogorov-Smirnov test for normality with mean and
variance unknown. J. Am. Stat. Assoc. 62, 399-402.

Lim, T., Loh, W., 1996. A comparison of tests of equality of variances. Comput. Stat. Data
Anal. 22, 287-301.

Lockenhoff, C.E., Samanez-Larkin, G.R., 2020. Age differences in intertemporal choice:
the role of task type, outcome characteristics, and covariates. J. Gerontol., Ser. B,
Psychol. Sci. Soc. Sci. 75, 85-95.

Loewenstein, G., Prelec, D., 1991. Negative time preference. Am. Econ. Rev. 81, 347-352.

Loewenstein, G., Prelec, D., 1993. Preferences for sequences of outcomes. Psychol.
Rev. 100, 91-108.

Loewenstein, G., Sicherman, N., 1991. Do workers prefer increasing wage profiles? J.
Labor Econ. 9, 67-84.

Loewenstein, G., Thaler, R., 1989. Anomalies: intertemporal choice. J. Econ. Perspect. 3,
181-193.

Manzini, P., Mariotti, M., Mittone, L., 2010. Choosing monetary sequences: theory and
experimental evidence. Theory Decis. 69, 327-354.

Matsumoto, D., Peecher, M.E., Rich, J.S., 2000. Evaluations of outcome sequences. Organ.
Behav. Hum. Decis. Process. 83, 331-352.

Mazur, J.E., 1984. Tests of an equivalence rule for fixed and variable reinforcer delays. J.
Exp. Psychol., Anim. Behav. Processes 10, 426.

Musau, A., 2014. Hyperbolic discount curves: a reply to Ainslie. Theory Decis. 76, 9-30.

Ostertagovd, E., Ostertag, O., Kova¢, J., 2014. Methodology and application of the
Kruskal-Wallis test. Appl. Mech. Mater. 611, 115-120.

Prelec, D., Loewenstein, G., 1991. Decision making over time and under uncertainty: a
common approach. Manag. Sci. 37, 770-786.

Read, D., Powell, M., 2002. Reasons for sequence preferences. J. Behav. Decis. Mak. 15,
433-460.

Samuelson, P.A., 1937. A note on measurement of utility. Rev. Econ. Stud. 4, 155-161.

Schmitt, D.R., Kemper, T.D., 1996. Preference for different sequences of increasing or
decreasing rewards. Organ. Behav. Hum. Decis. Process. 66, 89-101.

Sierra-Bravo, R., 1979. Test de hipétesis. In: Técnicas de Investigacién Social. Teoria y
Ejercicios, pp. 500-544.

Strough, J., de Bruin, W.B., Parker, A.M., 2019. Taking the biggest first: age differences
in preferences for monetary and hedonic sequences. J. Gerontol., Ser. B, Psychol. Sci.
Soc. Sci. 74, 964-974.


http://refhub.elsevier.com/S2405-8440(20)32486-5/bib74C534FC88ACBCEE3C0319DEE3A74B78s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib74C534FC88ACBCEE3C0319DEE3A74B78s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibC946C227EB7C2518C4DBFC309309B448s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibC946C227EB7C2518C4DBFC309309B448s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibADF75583FF18D99C610B9464C1D4A5B8s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibADF75583FF18D99C610B9464C1D4A5B8s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib02A8014A4C94709EB8145AB332EDA04Bs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib02A8014A4C94709EB8145AB332EDA04Bs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib003056B19F7101A0B731606324AB20EAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib003056B19F7101A0B731606324AB20EAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib6504913B78E570D4FA192875268DEAA7s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib6504913B78E570D4FA192875268DEAA7s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib3FED3B1BE3FF8DAEE7C5A1841D598C80s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib3FED3B1BE3FF8DAEE7C5A1841D598C80s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibDB61A5F325F4F1F9D5F06586CAFD047Es1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibDB61A5F325F4F1F9D5F06586CAFD047Es1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8E80BBF94F5959A84D808F65EA300F8Fs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8E80BBF94F5959A84D808F65EA300F8Fs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib2E966E3F05978CA6D710C2269D3E80D7s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib2E966E3F05978CA6D710C2269D3E80D7s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib5787F1610C2B972C0015382BD98938A2s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib5787F1610C2B972C0015382BD98938A2s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8958C91C615CADBCA1A870B485BD8083s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8958C91C615CADBCA1A870B485BD8083s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib5892F56FA3EA23CA76D4CC6CBFDFCAC1s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib5892F56FA3EA23CA76D4CC6CBFDFCAC1s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib7B70B0A947B6AFB4DC313388EA6E9018s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib7B70B0A947B6AFB4DC313388EA6E9018s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib23ED8CA93F4658745BC9DFC97764C686s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib23ED8CA93F4658745BC9DFC97764C686s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibCB6385251918FBB878ADCAE220552EC0s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibCB6385251918FBB878ADCAE220552EC0s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib259637B018F4DA72B1BD71F0C4AA1C07s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib259637B018F4DA72B1BD71F0C4AA1C07s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8F3D40CCE07511C73D0C2EE3E3096CAAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8F3D40CCE07511C73D0C2EE3E3096CAAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibE4E55ED206E3FF755615CC38E278ACB0s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibE4E55ED206E3FF755615CC38E278ACB0s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib57CB541EF378CC43B4A1E5DE1849C9E9s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib57CB541EF378CC43B4A1E5DE1849C9E9s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib7A7602FA0940732E4E55551D77F27DF4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib7A7602FA0940732E4E55551D77F27DF4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib7A7602FA0940732E4E55551D77F27DF4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib6483B01C0D49DF845FECCCE64E204FA5s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB4B990B0147C2287BC438502A016E759s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB4B990B0147C2287BC438502A016E759s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8C6B7A3E4D1F01073400A9EBA92E29DFs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8C6B7A3E4D1F01073400A9EBA92E29DFs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibF67A1D05171722C12623B1558F3BA9F4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibF67A1D05171722C12623B1558F3BA9F4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib31237F8327498A2C7DB0E327E3F95993s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib31237F8327498A2C7DB0E327E3F95993s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib9914BEE00F10FE8DEAFADE7681B8EE66s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib9914BEE00F10FE8DEAFADE7681B8EE66s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib3F67B473965E09272BB2B27B825CE1DAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib3F67B473965E09272BB2B27B825CE1DAs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib1F1E447015EF4918523D591F20B1A113s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB4AC548A6D3E19743296F9F4569E6817s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB4AC548A6D3E19743296F9F4569E6817s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8EFAA109347CCDCB47688994FB4D30A4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib8EFAA109347CCDCB47688994FB4D30A4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib38F426B7A489A5EA65AD2AD0B7FB0F51s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib38F426B7A489A5EA65AD2AD0B7FB0F51s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib86285998E2971C52816A3C09E4D5BF26s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibE0F01013D4784D6BD3A48FB09CF597AEs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibE0F01013D4784D6BD3A48FB09CF597AEs1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib50F4F6F453BBC88E7CCA69F71B8693B4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bib50F4F6F453BBC88E7CCA69F71B8693B4s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB1341F9298B3AA9E943B78348EA9B541s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB1341F9298B3AA9E943B78348EA9B541s1
http://refhub.elsevier.com/S2405-8440(20)32486-5/bibB1341F9298B3AA9E943B78348EA9B541s1

	The improving sequence effect on monetary sequences
	1 Introduction
	2 Theoretical framework
	2.1 Definition of the improving sequence effect
	2.2 Previous experimental studies on monetary sequences
	2.3 Understanding preferences over monetary sequences
	2.4 Valuation models for monetary sequences
	2.4.1 Discounted utility model
	2.4.2 One-parameter model
	2.4.3 An alternative model
	2.4.4 Another alternative model


	3 Method
	3.1 Participants
	3.2 Material and procedure

	4 Results and discussion
	4.1 Preferences over 6-year income sequences
	4.2 Preferences over 60-year income sequences
	4.3 The influence of arguments on preferences over income sequences
	4.4 Valuation of 6-year and 60-year sequences

	5 Conclusions
	Author contribution statement
	Funding statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	Appendix Questionnaire
	References


