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Preferences for Sequences of Outcomes

George E Loewenstein and Drazen Prelec

Existing models of intertemporal choice normally assume that people are impatient, preferring
valuable outcomes sooner rather than later, and that preferences satisfy the formal condition of
independence, or separability, which states that the value of a sequence of outcomes equals the sum
of the values of its component parts. The authors present empirical results that show both of these
assumptions to be false when choices are framed as being between explicitly defined sequences of
outcomes. Without a proper sequential context, people may discount isolated outcomes in the
conventional manner, but when the sequence context is highlighted, they claim to prefer utility
levels that improve over time. The observed violations of additive separability follow, at least in
part, from a desire to spread good outcomes evenly over time.

Decisions of importance have delayed consequences. The
choice of education, work, spending and saving, exercise, diet,
as well as the timing of life events, such as schooling, marriage,
and childbearing, all produce costs and benefits that endure
over time. Therefore, it is not surprising that the problem of
choosing between temporally distributed outcomes has at-
tracted attention in a variety of disciplinary settings, including
behavioral psychology, social psychology, decision theory, and
economics.

In spite of this disciplinary diversity, empirical research on
intertemporal choice has traditionally had a narrow focus. Un-
til a few years ago, virtually all studies of intertemporal choice
were concerned with how people evaluate simple prospects
consisting of a single outcome obtained at a point in time. The
goal was to estimate equations that express the basic relation-
ship between the atemporal value of an outcome and its value
when delayed. Although the estimated functional forms would
differ from investigation to investigation, there was general
agreement on one point: that delayed outcomes are valued less.
In economics, this is referred to as “positive time discounting.”

Although plausible at first glance, the uniform imposition of
positive discounting on all of one’s choices has some disturbing
and counterintuitive implications. It implies, for instance, that
when faced with a decision about how to schedule a set of out-
comes, a person should invariably start with the best outcome,
followed by the second best outcome, and so on until the worst
outcome is reached at the end. Because nothing restricts the
generality of this principle, one should find people preferring a
declining rather than an increasing standard of living, deterio-
rating rather than improving health (again, holding lifetime
health constant), and so on.

In the last few years, several studies have independently fo-
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cused on this problem and have shown that with choices of this
type, people typically exhibit negative time preference (ie.,
they prefer an improving series of events, with all other things
being equal). In this article we present results that confirm the
preference for improvement but qualify it in several respects.
First, we found that preference for improvement depends on
whether a particular choice is viewed by the decision maker as
being embedded in a sequence of outcomes. In other words,
when the decision frame draws attention to the sequential na-
ture of choice, negative time discounting typically prevails;
however, when the frame draws attention to individual compo-
nents of the choice, positive time preference predominates.

Second, we examined the validity of a common assumption
in theoretical treatments of intertemporal choice: that prefer-
ences for outcome sequences are based on a simple aggregation
of preferences for their individual components. Separable for-
mulations, such as the discounted utility model, predict that
the overall value (ie., utility) of a sequence is equal to the
summed values of its component outcomes. The findings we
present challenge this prediction. In general, an individual’s
valuation of complex sequences cannot be extrapolated in a
simple way from his or her valuation of components but re-
sponds instead to certain “gestalt” properties of the sequence.

Third, we developed and tested empirically a theoretical
model of choice over outcome sequences. The model incorpo-
rates two motives that are not part of standard discounted util-
ity formulations: a preference for improvement and a desire to
spread consumption evenly over time.

In the next section, we present a series of examples of prefer-
ence patterns that illustrate preference for improvement and
preference for spreading good outcomes evenly over time. We
then develop a theoretical model of sequential choice that incor-
porates these two motives. Finally, we present two studies that
were designed to test the model parametrically.

Basic Motives Underlying Choices Between Sequences

A temporal sequence is a series of outcomes spaced over
time. The outcomes could be specific events, such as one’s activi-
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ties over consecutive weekends, or they could be more abstract
economic indexes (e.g., income levels over consecutive years).
With a few notable exceptions (Bell, 1977; Epstein & Hynes,
1983; Gilboa, 1989; Horowitz, 1988; Meyer, 1976, 1977), most
theoretical treatments of intertemporal choice have been con-
ducted within the framework of the general discounting model,
which represents the value of a sequence X = (x,. .., x,) by the
weighted utility formula (Koopmans, 1960; Koopmans, Dia-
mond, & Williamson, 1964; Samuelson, 1937):

V(X) = 2 wu(x,). (1

The formula implies that whenever two sequences differ in only
two periods, then preference between them does not depend on
the common outcomes in the remaining # = 2 periods (separa-
bility). Economic applications normally make two additional
assumptions:

1. Impatience. The coefficients, w;, w;y, and so forth, are
declining, which indicates that earlier periods have greater
weight in determining preferences.

2. Constant discounting. The marginal rate of utility substi-
tution between any two adjacent periods is the same, w,,, /w, =
8. This produces the compound discounting formula,

V(X)) =2 é'u(x).

In the remainder of this section, we describe simple choice
patterns that are inconsistent with these properties.

Preference for Improvement and the Sequence “Frame”

A number of recent studies have shown that people typically
favor sequences that improve over time. Loewenstein and Si-
cherman (1991) found that a majority of subjects preferred an
increasing wage profile to a declining or flat one for an other-
wise identical job. Varey and Kahneman (in press)studied pref-
erences over short-term streams of discomfort, lasting from 2
to 20 min, and found that subjects strongly preferred streams of
decreasing discomfort even when the overall sum of discomfort
over the interval was otherwise identical. A preference for expe-
riences that end well has also been documented by Ross and
Simonson (1991). In one study, they presented subjects with a
series of hypothetical choices between sequences that ended
with a loss (e.g., win $85, then lose $15) or a gain (lose $15, then
win $85). Subjects overwhelmingly preferred sequences that
ended with a gain.

The preference for improvement appears to depend not only
on the amount of improvement but the speed with which it
occurs over time—its “velocity”—as Hsee and Abelson (1991)
called it (see also Hsee, Abelson, & Salovey, 1991). Subjects in
one of their studies played a game in which their probability of
winning either decreased or increased over time at one of three
rates of change. Those in conditions with increasing probabili-
ties of winning rated the game as more satisfying than those in
conditions with decreasing probabilities, and the effect of direc-
tion (increase vs. decrease ) was amplified by the velocity of the
change.

Preference for improvement appears to be an overdeter-
mined phenomenon, driven in part by savoring and dread

(Loewenstein, 1987), adaptation and loss aversion ( Kahneman
& Tversky, 1979), and recency effects (Miller & Campbell,
1959). Savoring and dread contribute to preference for improve-
ment because, for gains, improving sequences allow decision
makers to savor the best outcome until the end of the sequence.
With losses, getting undesirable outcomes over with quickly
eliminates dread. Although there is evidence that people some-
times like to defer desirable outcomes (Loewenstein, 1987),
getting undesirable outcomes over with quickly appears to be
more widespread. A number of studies have shown that people
prefer immediate rather than delayed electric shocks ( Barnes &
Barnes, 1964; Carlsmith, 1962). A similar result has been re-
ported by Carson, Horowitz, and Machina (1987) in the con-
text of cigarette smoking. They found that nonsmokers, when
asked how much they would need to be paid immediately to
smoke a pack of cigarettes either immediately orin 1, 5, or 10
years, specified amounts that increased as a function of time
delay.

Adaptation and loss aversion lead to a preference for improv-
ing sequences because people tend to adapt to ongoing stimuli
over time and to evaluate new stimuli relative to their adapta-
tion level (Helson, 1964 ). Loss aversion (Kahneman & Tversky,
1979) refers to the observation that people are more sensitive to
a loss than to a gain of equal absolute magnitude. It is illustrated
by the fact that few people will voluntarily accept a bet that
provides an equal chance of winning or losing any given
amount. If people adapt to the most recent level of stimuli they
experience, then improving sequences will afford a continual
series of positive departures ( gains) from their adaptation level,
whereas declining sequences provide a series of relative losses.
Loss aversion implies that the latter will be especially unattrac-
tive relative to the former.

The specific psychological mechanisms underlying the adap-
tation and loss-aversion explanation are somewhat ambiguous.
It may be that when faced with a sequence (e.g., a series of
increasing or decreasing salary levels), people imagine them-
selves experiencing the sequence, adapting to the standard of
living that each salary level implies, and reacting to negative or
positive deviations from such standards. They would then rec-
ognize that upward adjustments from one’s standard of living
are more pleasurable than downward adjustments, leading
them to prefer the increasing sequences. Alternatively, adapta-
tion and loss aversion may not involve any explicit anticipation
of future experience but may instead be a simple application of
perceptual loss aversion. Just as people treat risky outcomes as
gains and losses instead of absolute wealth levels, it is possible
that they evaluate sequences as series of upward and downward
shifts rather than as a series of levels. Loss aversion would then
imply that downward shifts receive disproportionate weight.
The important difference between these two accounts is that in
the former case, the evaluation reflects a type of hedonic fore-
casting, whereas in the latter case, the preference is instead
perceptually driven (ie., based on the tendency to interpret
sequences as gains and losses regardless of how they are actually
experienced when they unfold).

The adaptation and loss aversion explanation is closely re-
lated to the concept of a “contrast effect” (Elster, 1985; Elster &
Loewenstein, in press; Tversky & Griffin, 1991). Contrast ef-
fects refer to the effect on one’s evaluation of the present of
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comparing the present with the past or future. If backward-
looking contrast effects are more potent than forward-looking
ones, as secems plausible (Prelec & Loewenstein, 1991), then the
net impact of contrast effects will be to augment the preference
for improvement over time. This is because inferior early experi-
ences will create a favorable contrast that will enhance the util-
ity of later experiences.

A final psychological mechanism that may contribute to the
preference for improvement is the recency effect, which has
been observed in recall, attitude formation, and belief updating
(Miller & Campbell, 1959). As Ross and Simonson (1991)
noted, the final outcome in a sequence is likely to be the most
salient to the decision maker after the conclusion of the se-
quence. If decision makers naturally adopt a retrospective per-
spective when evaluating outcome streams, as Varey and Kahne-
man (in press) argued, then recency effects will cause late pe-
riods to be overweighted relative to those that occur in the
middle of the sequence. Likewise, “primacy effects” would pro-
mote an overweighting of early periods.

Savoring and dread apply to single-outcome prospects as well
as to outcome sequences. For this reason, they can explain why
people who otherwise discount the future sometimes defer
pleasurable outcomes and get unpleasant outcomes over with
quickly. Neither adaptation and loss aversion, nor recency ef-
fects, on the other hand, have obvious implications for single-
outcome events. Therefore, these latter effects probably do not
play a major role in timing preferences for such simple pros-
pects. Adaptation and loss aversion are, however, present as
potential factors in outcome sequences. The fact that only one
motive for improvement operates for simple outcomes and two
operate for sequences suggests that preference for improvement
will be stronger in the latter case. Our first example illustrates
the preference for improvement and shows that it depends, in
part, on whether a particular choice is perceived as being be-
tween individual outcomes or sequences.

Ninety-five Harvard University undergraduates were asked
the following three questions and were instructed to ignore
their own personal scheduling considerations (e.g., preexisting
plans) in responding.

Example 1
1. Which would you prefer if both were free? n=295
A. Dinner at a fancy French restaurant 86%
B. Dinner at a local Greek restaurant 14%
For those who prefer French:
2. Which would you prefer? n=_82
C. Dinner at the French restaurant on Friday in
| month 80%
D. Dinner at the French restaurant on Friday in
2 months 20%
3. Which would you prefer? n=282

E. Dinner at the French restaurant on Friday in

1 month and dinner at the Greek restaurant

on Friday in 2 months 43%
E Dinner at the Greek restaurant on Friday in

1 month and dinner at the French restaurant on

Friday in 2 months 57%

Because two of the three motives hypothesized to motivate the
preference for improvement operate only for sequences of out-
comes, we anticipated that a larger fraction of respondents

would prefer to put the fancy French dinner off into the future
when it was combined in a sequence with the Greek dinner
than when it was expressed as a single-outcome prospect. This
was indeed the pattern that we observed. Of the 86% of subjects
who preferred the fancy French dinner, 80% preferred a more
immediate dinner (Option C) over a more delayed dinner (Op-
tion D). Thus, only 20% preferred to delay the French dinner
when it was expressed as a single, isolated item. However, when
the French dinner was put into a sequence with the Greek din-
ner, giving subjects the option of having Greek and then
French, or French and then Greek, the majority (57%) pre-
ferred to defer the French dinner. Even with single-outcome
events, there was some motivation to defer the French dinner:
Witness the 20% of subjects who opted for the longer delay.
However, this tendency was clearly stronger for sequences than
for individual items.

We observed the same pattern when we substituted “dinner
at home” for the Greek dinner. Because most people eat dinner
at home on most nights anyway, the mere embedding of the
French dinner in an explicit binary sequence does not intro-
duce any real modification of the problem relative to the single-
outcome frame in Question 2. The only thing that happens is
that the subject is reminded that the choice is “really” between
complete sequences. Like other framing effects, such reminders
cause preferences to shift, in this case in favor of the improving
sequence.

The pattern of preferences revealed by these choices is incom-
patible with any discounted utility model, as defined by Equa-
tion 1. A preference for a French dinner in 1 month rather than
2 suggests that w, > w,; however, a preference for the improving
sequence indicates that wu(French) + w,u(Greek) <
w,u(Greek) + w,u( French), or w, > w;, on the assumption that
u(French) > u(Greek), which is confirmed by Question 1.

Defining a Sequence

It appears, then, that two distinct motives are relevant to time
preference: impatience and a preference for improvement.
Which of these two motives dominates appears to depend on
whether the objects of choice are single-outcome prospects or
sequences. Impatience dominates choices between single out-
comes; the preference for improvement most strongly influ-
ences choices between sequences.

In many cases, however, it is not clear whether a particular
prospect is properly defined as a sequence. For example, when
the attributes of outcomes composing a sequence are incom-
mensurable, or when elements in the sequence are themselves
brief but separated by iong delays, it seems reasonable to evalu-
ate the elements of the sequence independently of one another.
However, when outcomes are commensurable and tightly
spaced, the logic for treating them as a sequence will be more
compelling. In general, the greater the “integrity” of a series of
outcomes, the greater should be its likelihood of being evalu-
ated as an integral sequence.

The following examples illustrate that it is possible to vary
the integrity of a sequence so as to influence preferences in a
predictable manner. The following three questions were asked
of 48 visitors to the Museum of Science and Industry in Chi-
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cago. Proportions of subjects giving each response are desig-
nated in brackets.

Example 2

Imagine you must schedule two weekend outings to a city where
you once lived. You do not plan on visiting the city after these two
outings.

You must spend one of these weekends with an irritating, abrasive
aunt who is a horrendous cook. The other weekend will be spent
visiting former work associates whom you like a lot. From the
following pairs, please indicate your preference by checking the
appropriate line.

Suppose one outing will take place this coming weekend, the
other the weekend after.

This Next

weekend weekend
A. friends abrasive aunt [10%] (5/48)
B. abrasive aunt friends [90%] 43/48)

Suppose one outing will take place this coming weekend, the
other in 6 months (26 weeks).

This 26 weeks

weekend from now
A. friends abrasive aunt [48%] (23/48)
B. abrasive aunt friends [52%] (25/48)

Suppose one outing will take place in 6 months (26 weeks from
now), the other the weekend after (27 weeks from now).

26 weeks 27 weeks

from now from now
A. friends abrasive aunt [17%] (8/48)
B. abrasive aunt friends [83%] (40/48)

In the first question, the series of outcomes unfold over a
fairly short period (2 weeks) so that we would expect discount-
ing to be relatively weak and the preference for improving se-
quences to be strong. Here, 90% of subjects opted for the im-
proving sequence. In the second set of options, the absolute
interval is much longer (26 weeks), reducing the integrity of the
sequence. Here, we would expect discounting to have a greater
impact relative to the preference for improvement. Indeed, a
much smaller fraction of subjects (52%) chose the improving
sequence given the long absolute delay. In the third pair, the
sequence interval was once again reduced to | week, so we
would anticipate a greater preference for the increasing se-
quences than found in the second pair. However, intuitively, we
expected that the long delay prior to the beginning of the se-
quence would reduce its integrity to some degree. This may
explain the slight reduction, relative to the first set of alterna-
tives, in the fraction of subjects opting to get the unpleasant
visit over with quickly.

It is not possible to interpret the three modal choice patterns
in terms of conventional time preference. The first and third
question indicates a negative rate of time preference (ie., wy<w
and wyg < Wy, ) in the context of a discounted utility model (see
Equation 1). It is safe to generalize that the aunt would be sched-
uled in the earlier of any consecutive two weekends (ie., w, <
w,.1). Yet, the transitive conclusion does not follow because the
middle question implies that w, > w,s. We call this pattern the
“magnet effect” because preferences for the two outcomes re-
semble the behavior of magnets. When distant from one an-
other, two magnets interact only weakly; however, when

brought into close proximity, they exert a force on one another,
which causes them to reverse position.

Preference for Spreading

In addition to the desire for improvement over time, prefer-
ences also indicate a sensitivity to certain global or “gestalt”
properties of sequences having to do with how evenly the good
and bad outcomes are arranged over the total time interval.
Unlike the question of positive versus negative time preference,
which by now has received some attention, there have been few
efforts to examine how people like to distribute outcomes over
time. Important exceptions are two recent studies examining
whether people like to experience two positive, negative, or
mixed (positive and negative) events on the same or on differ-
ent days. Applications of prospect theory imply that people
should like to spread gains out across different days and to
concentrate losses in a single day, and, although the first of
these predictions is generally supported, the evidence for the
latter is far more tenuous. Thaler and Johnson (1990) found
that people generally expected to be happier when two gains
(e.g., winning $25 in an office lottery and winning $50 in an-
other) were separated by an interval but also expected to be less
unhappy when two losses were separated. Thaler and Johnson
argued that prior losses may sensitize people to subsequent
losses, contrary to the prediction of prospect theory. Linville
and Fischer (1991) likewise failed to observe a concentration of
losses, although the tendency to do so was greater for small
losses than for large ones. They explained this shift in terms a
model of “coping capacity,” which postulates that people have a
limited psychological capacity to absorb losses and that they
may wish to separate losses in time in order to replenish their
coping resources. Thus, for both gains and losses, there does
appear to be a preference for spreading outcomes out over time.

Although these results are suggestive, their applicability to
the types of sequences we were concerned with is limited. First,
all of the choices in these studies involved only two outcomes.
This made it possible to examine whether people like to con-
centrate or spread out outcomes, but not whether they exhibit
more complex patterns of preference (e.g., for certain types of
patterns of outcomes over time). Second, the choices were all
between experiencing outcomes at the same or different points
in time. Such a design leaves unanswered, for those who prefer
to separate outcomes, the question of how much of a gap is
ideal.

The central insight that we took from this research was that,
when presented with more than one same-valence outcome,
people generally like to spread outcomes over time rather than
concentrating them. The following problem presented to 37
Yale University undergraduates (from Loewenstein, 1987) il-
lustrates this desire for spread. Subjects were first given a choice
between Options A and B, then between Options C and D; they
were instructed to ignore scheduling considerations. Percent-
ages who chose each of the options are presented in the right-
hand column.

Example 3

Which would you prefer?
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This Next Two weekends
Option weekend weekend from now Choices
A Fancy French Eatat home Eat at home 16%
Eat at home Fancy French Eat at home 84%

B
C Fancy French Eat at home Fancy lobster 54%
D Eat at home Fancy French Fancy lobster 46%

Choosing between Options A and B, the majority of subjects
preferred to postpone the fancy dinner until the second week-
end, consistent with the widespread preference for improve-
ment. However, the insertion of the common lobster dinner in
Options C and D caused preference to shift slightly in favor of
having the French dinner right away. This pattern violates addi-
tive separability (and any model given by Equation 1 ). Because
the third period is identical for Options A and B and for C and
D, separability implies that anyone who prefers A (B) should
prefer C (D).

We believe that the relative attractiveness of Options B and C
stemmed in part from the fact that they “covered” the 3-week
interval better than did their alternatives. Option A exposed the
decision maker to a 2-week period of eating at home, whereas
Option B placed the one pleasurable event at the center of the
interval. Option D concentrated all of the pleasure at one ex-
treme of the 3-week period, whereas Option C distributed the
fancy dinners more evenly over time.

It is worth noting that loss aversion as traditionally conceived
would not predict this type of violation. Of the four sequences
in the example, only Option D was strictly increasing. It ap-
pears, therefore, that a person who strongly dislikes utility re-
ductions across adjacent periods will have a greater tendency to
prefer Option D over C than Option B over A, which is the
opposite of the observed pattern of choice.

Another possibility is that people have a net liking for
changes in utility between adjacent periods, as permitted in
Gilboa’s (1989) model. In that case, Option B has more be-
tween-period variation than Option A, and Option C more
variation than Option D, in accord with the modal preferences.
To rule out this explanation, and to show that preferential inter-
actions occur between nonadjacent periods, we modified the
original example by inserting additional “eat at home™ week-
ends between the original first two weekends and between the
second and third weekends (see Example 4).

Example 4

Imagine that over the next five weekends you must decide how to
spend your Saturday nights. From each pair of sequences of din-
ners below circle the one you would prefer. “Fancy French” refers
to dinner at a fancy French restaurant. “Fancy lobster” refers toan
exquisite lobster dinner at a four-star restaurant. Ignore schedul-
ing considerations (€.g., your current plans).

First Second  Third Fourth Fifth
Option weekend weekend weekend weekend weekend
A Fancy Eat at Eat at Eat at Eat at
French home home home home
B ‘  Eatat Eat at Fancy Eat at Eat at
home home French home home
C Fancy Eat at Eat at Eat at Fancy
French home home home lobster
D Eat at Eat at Fancy Eat at Fancy
home home French home lobster

1n this example, it is not possible to produce an independence
violation solely on the basis of adjacent periods. Suppose, for
example, that the utility function for sequences has a special set
of functions, f;, that register the impact of adjacent utility levels
on preferences:

n n—1
V[(xl’ L ] xn)] = Z ut(xt) + Z f;(xts xl+l)'
=1 =1

In that case, the difference in value between Sequences A and B
still equals the difference in value between Sequences C and D
because

V(A) = V(B) = uw(F) + us(H) + ((F, H) + f,(H, H)
+f(H, H) — w,(H) — u3(F) — /i(H, H)
— (H, F) = fi(F, H)
=V(C) - V(D),

where F, H refer to the French and home dinners. In the survey,
visitors to the Museum of Science and Industry in Chicago
(N = 51) strongly preferred Sequence B to A (88%) and just
slightly preferred Sequence C to D (51%). Despite the different
subject population (museum visitors vs. undergraduates), and
despite the inclusion of two “filler” weekends, the preference
pattern was virtually unchanged from Example 3. The viola-
tion of independence cannot therefore be attributed to particu-
lar feelings about utility changes from one period to the next.

Marking an Interval

How one distributes events over an interval clearly depends
on the duration of that interval. However, in the real world the
relevant interval is often ambiguous and may vary for different
people and for different types of outcomes. For example, the
relevant interval for a free dinner is probably shorter than for a
free round-trip flight. The final example we present was con-
structed to test whether manipulation of the implicit interval
would influence timing preferences. One hundred one visitors
to Chicago’s Museum of Science and Industry were asked to
schedule two hypothetical free dinners at the restaurant of their
choice.

Example 5

Suppose you were given two coupons for fancy dinners for two at
the restaurant of your choice. The coupons are worth up to $100
each. When would you choose to use them? Please ignore consid-
erations such as holidays, birthdays, etc.

One third of the subjects were asked to schedule the two din-
ners without any imposed time constraints (unconstrained
group). Another one third, the “4-month constraint group,”
were told that they could use the coupons any time in the next 4
months. The remaining third, the 2-year constraint group, were
told “You can use the coupons at any time between today and 2
years from today” Although the constraints seemingly limited
the subjects’ abilities to delay the dinners, we felt that con-
strained subjects would prefer to delay the dinners more than
would unconstrained subjects because the default interval for
unconstrained subjects was actually shorter than the explicit
intervals faced by the constrained subjects. Table 1 presents our
findings.



96 GEORGE F. LOEWENSTEIN AND DRAZEN PRELEC

Table 1
Chosen Delay for First and Second Dinner

Condition First dinner Second dinner

Unconstrained

M 33 13.1

Mdn 2.0 8.0
Four-month constraint

M 3.0 10.4

Mdn 2.0 12.0
Two-year constraint

M 7.7 31.1

Mdn 4.0 26.0

Medians were a more representative measure of population
preferences here because they attenuated the impact of a few
extremely long delays obtained in the unconstrained condition.
Considering the medians, the median delay interval for the
second dinner was longer under either constrained condition
than the median delay in the unconstrained condition. The
effect was especially prominent, however, for the 2-year delay,
suggesting that the average default interval for subjects might
have been close to 4 months. Overall, the effect of the two
constraints on the selected delays was significant, according to
a one-way analysis of variance (ANOVA), F(2,96)= 3.7, p <
.03, for the first dinner, and F(2, 96) = 13.2, p <.0001, for the
second.

These results are inconsistent with the economic axiom of
revealed preference, according to which the imposition of a
time constraint on an initially unconstrained population
should affect only the responses of that fraction of the popula-
tion whose preferred delays are longer than permitted by the
constraint. Therefore, the population averages should be longer
in the unconstrained condition.

A Model for Preferences Over Outcome Sequences

Taken together, these examples confirm that subjects may or
may not frame a given intertemporal choice as one involving
sequences of outcomes and that whether they do so can signifi-
cantly influence their behavior. Furthermore, when people do
see themselves as choosing between sequences, their prefer-
ences are poorly captured by conventional discounting models.

In this section, we develop a nonseparable model that accom-
modates the anomalous preference patterns presented in the
previous section. The guiding idea behind the model is that
evaluation of sequences reflects the interaction between two
motives: a basic preference for improvement tempered by a
desire to spread the better outcomes more or less uniformly
over the entire interval.

In the most general sense, these assumptions are not new. A
number of recent nonseparable models have added the rate of
utility change—either discrete (Gilboa, 1989) or continuous
(Bordley, 1986; Frank, 1989, in press; Hsee & Abelson, 1991)—
as a contributing factor for preference. The distinctive aspect of
our approach is that the notions of utility improvement and
uniformness are defined with respect to global rather than local
sequence properties.

The term global, as we use it, refers to comparisons at a given
point in time between the set of outcomes that are yet to occur
and the set of outcomes that have already occurred. A globally
improving sequence would be one in which, at any point in
time, the average utility of the remaining periods is greater than
the average utility of the periods that have gone by. For example,
the sequence (4,2,3,1,2,0) undoubtedly creates a feeling of
global decline, even though it includes two increasing transi-
tions along the way. We feel that the enjoyment of the good
initial periods, as well as of the positive transitions between
Periods 2 and 3, or 4 and 5, would be inhibited by the deteriorat-
ing overall pattern.

Similarly, a globally uniform sequence is one in which, at any
point in time, the future offers approximately equal average
utility as did the past, notwithstanding local fluctuations in
utility levels. We posit that such even spreading of good out-
comes contributes to the attractiveness of a sequence, with
other things being equal.

By contrast, nonseparable rate-of-change models would
identify improvement with a positive change in utility between
one period and the next and smoothness with small utility
fluctuations between adjacent periods. The distinction
between the local and global smoothness (or uniformness), for
instance, is illustrated by the sequences (0,0,1,1,1,0,0) and
(0,1,0,1,0,1,0). The first sequence is more smooth in the local
sense because there are only two points (rather than six) at
which adjacent utility levels differ; the second sequence
achieves a more uniform pattern of outcomes in the global
sense, in that the differences between average future utility and
average past utility are smaller.

The Decumulated Utility Graph and the Reference Line

The relevant global properties to which we have been refer-
ring are displayed visually in a decumulated utility graph (see
Figure 1), which plots total remaining utility as function of
period number. This picture can be interpreted as a “utility-
budgeting” chart, showing how much utility has been spent up
to a point and how much is left over for subsequent periods. The
particular pattern in Figure 1 corresponds to a utility series that
starts low, peaks around the middle of the interval, and then
declines toward the end.

In a decumulated utility graph, a constant series of utility
levels is represented by a negatively sloped straight line. Taking
our cue from the well-documented pervasiveness of reference
point effects in many different choice domains, we postulate
that the decumulated graph of the uniform sequence is the
natural global reference point concept for the sequence do-
main. More precisely, the internal reference line for each se-
quence is the graph of the unique constant sequence that gives
the same total utility as the original one.

When the decumulated graph falls below the reference line,
utility is being used up at a faster-than-average pace, and leaner
periods will necessarily follow; above the reference line, utility
is being saved up, and future periods will improve on the pre-
vious ones.

In the next section, we develop the formal definition of our
model through an accounting scheme for utility derived from
anticipation. This simple model captures the essence of the
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Figurel. The decumulated utility graph showing remaining utility as

a function of time. (The corresponding utility sequence would be bell-

shaped.)

improvement motive, and the motive for uniform spreading of
outcomes, and can therefore explain most of the qualitative
preference patterns presented earlier. We then show how the
separate impact of time discounting can be incorporated into a
more generalized version of the model.

Definition of Improvement and Uniformness

It is commonplace that events create satisfaction or distress
not just while they take place but also before they occur,
through anticipation, and after they occur, through recollec-
tion. The simplest possible accounting of these two additional
sources of value would have the total anticipated utility com-
puted as a sum in which each utility level %, is multiplied by the
number of periods that precede it (1 — 1),

AU =% (1— Dy,

and total recollected utility as a sum in which each utility level is
muitiplied by the number of subsequent periods (n — t),

RU= 3 (n—1t)u,.

For instance, if a positive event is scheduled on Day 4 of a 5-day
sequence, this will yield 3 days of anticipation and 1 day of
recollection. (The measures of anticipation and recollection, of
course, depend on the framing of the problem, in this case the
number of days under consideration))

In the decumulated utility graph (see Figure 1), anticipated
utility is represented by the area to the left and below the
curved line, and recollected utility is represented by the area to
the right and above the line. The value of the cumulative utility

distribution at any point indicates how much of the sequence’s
overall utility remains to be experienced. We now define the
net improvement that a sequence provides as (AU — RU)/2, or
one half of the excess of anticipated utility over recollected
utility. The : factor makes it possible to read the improvement
measure directly from the decumulated graph: It is the differ-
ence between the area where the decumulated line falls above
the reference line (labeled “positive deviation” in Figure 2) and
the area where it falls below it (labeled “negative deviation” in
Figure 2). :

With regard to the second of the two basic motives, we define
the deviation from uniform utility spreading in a particular
sequence as the absolute difference between the decumulated
graph for that sequence and its reference line, which is to say,
the sum of the two shaded areas in Figure 2.

The Model

Expressing the relevant areas formally involves some algebra.
For each period ¢, we first compute the difference, d,, between
the cumulated utility received up to that period and the cumu-
lated utility that should have been received had the utility total
been allocated in a perfectly uniform manner across the »n pe-
riods:

=

d = u— 2 u. (2)
i=1

S~

L

Geometrically, the value of d, equals the vertical difference be-
tween the decumulated utility line and the reference line. To
confirm that the aggregate of all s indeed equals net improve-
ment, we calculate that

NEGATIVE DEVIATION

DECUMU-
LATED |

UTILITY BY
PERIOD

POSITIVE DEVIATION

PERIOD

Figure 2. Positive and negative deviations defined as the distance
between the decumulated utility function and the negatively sloping
reference line.
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The terms 4 allocate the difference (AU — RU)/2 to individual
periods, so that positive values are associated with periods at
which the future is better than the past and negative values to
periods when it is worse than the past.

The value of a sequence is now defined as a weighted sum of
three factors: the total utility provided by the sequence, the net
improvement, and the deviation from uniform utility spread-
ing:

Value= > u,+8> d +o 2 |d]. (3)
= =1

=1 1

Interpretation of the Parameters

The parameter 3 signals whether a person prefers improving
(8 > 0) or declining (8 < 0) sequences, whereas ¢ determines
whether he or she prefers uniform (o < 0) or nonuniform se-
quences (o > 0). This is a straightforward interpretation of the
parameters. However, an alternative and psychologically sug-
gestive set of interpretations can be obtained through a more
explicit articulation of the reference point aspect of the model.

We first split the deviation terms into their positive and nega-
tive parts:

+_ldl+4

d’ = 2 ,

|dtl _dt.

3 (4)

d; =

In words, d* equals d, if it is positive, and zero otherwise; 4~
equals | 4| if it is negative, and zero otherwise (note that d =
d* — d7). This allows us to rewrite the model so that the net
impact of improvement and deterioration on sequence value is
assessed separately:

Value = i u+ (8 + a)i i+ (8- a)i d; . (5)
t=1 t=1 t=1

If indeed the reference line functions as a reference point, and if
improvement (d*) defines the attractive direction away from
the reference point, then we would predict the following: 8 >
—o >0, that is, (8 — ) > (8 + ¢) > 0. The desire for uniform
utility levels can be viewed as a consequence of loss aversion,
which, in the context of our global variables, implies that the
dislike of global deterioration, measured by the coefficient (8 —
a), is stronger than the liking for global improvement, mea-
sured by (8 + ¢). Without any further assumptions, such global

loss aversion would create a motive for interleaving good and
bad outcomes more or less evenly over time.

This interpretation covers only one of the eight ordinally dis-
tinct sign-magnitude combinations for 3 and ¢. The remaining
possibilities have other interpretations, suggested by the labels
in Figure 3. The center of the figure is the point 8 = ¢ = 0,
identifying a person who compares sequences only by total util-
ity; beyond that, all patterns are equally good. The horizontal
axis in the figure represents the 8 coefficient; points along that
line identify individuals who have intertemporally additive pref-
erences, favoring either the present (8 < 0) or the future (8> 0).
Points along the vertical axis, which plots the value of the o
coefficient, identify people without a time orientation who are
concerned only with even distribution of utility.

Three of the four corners in Figure 3 have intuitive interpreta-
tions. The lower left corner corresponds to the pattern 8§ =¢ <
0, which indicates a dislike of improvement but indifference to
decline. This describes impatience in the nontechnical sense of
the term, which is to say, a specific aversion to waiting for good
outcomes. The bottom right corner is the pattern 8 = —o > 0,
which describes the preferences of a person who is indifferent
to improvement (as the coefficient for Zd*, 8 + ¢ = 0) but is
averse to decline; such a person would sacrifice some total util-
ity in order to avoid a declining sequence but would not sacri-
fice any utility to transform a constant sequence into an in-
creasing one. We label this dread orientation. Finally, the com-
plementary pattern is found in the top right corner, where 8 =
a > 0. This identifies a person who likes improvement but is
indifferent to decline (again, in the sense of being willing to
sacrifice total utility for one or the other pattern). Such a per-
son derives additional satisfaction from future good outcomes
but is not adversely affected by future negative outcomes. A
savoring orientation would seem to describe this fortunate com-
bination.

Predictions of the Model and a Generalization

Separability Violations

Example 3 induced a violation of independence having the
following schematic form: (1,0,0) < (0,1,0), but (1,0,2) >
(0,1,2), where, 0 = “eat at home,” | = “fancy French,” and 2 =
“fancy lobster,” as in Loewenstein (1987). We first calculate the
deviations (d,, d,) for the four sequences:

(1,00):d, =33 -1.0=-67; d,=.67—-10=-33;

(0,1,0): dy = 33 -0.0=+.33; d,=.67—-10=-.33;
(1,02):dy=10-10= 00; d,=20-10=+10;

(0,1,2):d, = 1.0-0.0=+1.0; d,=20-10=+10.
The value of each sequence is then obtained by applying Equa-

tion 3:
V(1.0,0)}=1—08+ o

wmmmrn+§m

Vi(1,0,2)] =3+ 8 + o

V[(0,1,2)] = 3 + 28 + 20.
Because ¢ is negative, it is possible for a person to prefer se-
quence (0,1,0) to (1,0,0) and sequence (1,0,2) to (0,1,2):



SEQUENCES OF OUTCOMES 99

LIKES DECLINING
LIKES iIMPROVING

LIKES IMPROVING
LIKES DECLINING

LIKES IMPROVING

LIKES DECLINING
DISLIKES IMPROVING DISLIKES DECLINING
DISLIKES IMPROVING DISLIKES DECLINING

LIKES DECLINING

DISLIKES IMPROVING
DISLIKES DECLINING

LIKES IMPROVING

DISLIKES DECLINING
DISLIKES IMPROVING

=0

Figure3. Partitioning of the (8, o) parameter space into the eight possible sign—magnitude combinations.
(The pair of labels in each segment identifies the major [top] and minor [bottom] motive associated with

parameter values in that segment.)

VI(1,00)] - V[(0,1,0)] = -8 + .330 <0,
VI(1,02)] - V[(0,1,2)] = -8 — ¢ > 0.

This formal explanation can be interpreted in two ways,
which cannot be discriminated at the level of our model. First,
it is possible that a person is fundamentally concerned about
even spreading, in which case the sequence (0,1,0) is more
uniformly spread than (1,0,0), but (0,1,2) is not as uniformly
spread as (1,0,2). The other interpretation would attribute the
reversal to a fundamental aversion to declining average utility
levels (ie., negative d; values). In the first pair, the sequence
(1,0,0) is globally declining and is possibly rejected on those
grounds alone. In the second pair, however, both sequences are
globally increasing, so that a person is free to indulge the initial
period with the (1,0,2 ) sequence without disturbing the sense of
global improvement.

Scheduling Decisions

The model makes definite predictions about the optimal
scheduling of an enjoyable event, when there are » consecutive
and otherwise indistinguishable dates available. In general, the
optimal period will depend on all of the parameters in the
model. However, the net effect of the spreading motive will be
to move this period closer to the middle of the interval.

Because utility is represented by an interval scale (see the
next section), we can assume without loss of generality that the
single enjoyable event in an n-period sequence yields a utility
level of exactly n and the background events utility zero. The
uniform reference sequence then has a cumulated utility distri-
bution (1, 2, 3,. .., n). By scheduling the event in period ¢* one
creates deviations 4, = -+ for the periods prior tot* and d=n—1
for periods later than (and including) r* The sum of absolute
deviations

[(Zt+ 2 (n—-0)]
r<t* =
is minimized at t* = n/2, the midpoint of the interval.

We feel that this explains the otherwise puzzling results re-
vealed by Example 5. Recall that subjects who were uncon-
strained in the scheduling of a free meal chose to schedule it
sooner, on average, than subjects who were constrained by a
long interval. If the explicit interval (2 years) is longer than the
implicit one used by unconstrained subjects, then the attrac-
tion toward the respective midpoints should further stretch out
the optimal scheduling times for the explicitly constrained sub-
jects.

Discounting and the General Model

The model we have just defined represents a radical simplif-
cation of intertemporal preferences: Time enters into the pic-
ture only in establishing the ordering of events. Whether this is
a good approximation to preferences will probably depend on
the duration of the entire sequence (the planning interval), as
well as on its temporal proximity. Other things being equal, we
expect that shorter planning intervals will improve the approxi-
mation, whereas temporal proximity will reduce it through a
disproportionate weighting of the initial periods.

In this section, we show that the basic model can be readily
generalized to incorporate time discounting and other types of
differential weighting patterns. We take as a benchmark the
most general discounted utility model, restated as follows:

V(X)= 2 wu,.
1
The model we now introduce retains an additive structure, but,

in keeping with the reference point framework developed ear-
lier, it assumes that the sequence value is determined by the
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positive and negative deviations of the decumulated utility
graph from the reference line:

n n—1i n—1
V(Xy=2u+ > ed*+ > ¢,7d". (6)
=t =1 =1

In words, the value of any sequence is a separately weighted sum
of the positive and negative deviations from the reference line.
As in the basic model, the first term gives weight to the total
value of outcomes in the sequence; it cancels out if the se-
quences being compared are permutations of the same set of
outcomes. The remaining two terms add up the psychic costs
and benefits of facing rising (4*) or falling (d ) utility levels;
what is new here is that these costs and benefits are allowed to
differ across periods instead of being applied to the summa-
tions 24" and 24 .
This model can also be written in a way that brings out more
clearly the relation to the discounting formula:
n n—1
V(X)= 2 wu + 2 oldl. (7)
=1 t=1
The first term is the general discounting formula (Equation 1),
and the second is the weighted sum of absolute deviations of the
cumulated graph from the reference line. The weights, ¢,, are
averages of the positive and negative coefficients in Equation 6:

ot + o0,

T (8)

g, =
whereas the discounting weights, w,, have a more complicated
relation to the coefficients in Equation 6 (see the Appendix). In
the basic model (Equation 3), the coefficients, o,, were all iden-
tical and presumed negative; the weights, w,, were linear in
period number and presumed increasing, in line with the prefer-
ence for improvement:

B(n+1)

w,=(l+ 3

) + Bt. (9)
Discounting enters into the picture when the periods become
sufficiently separated in real time or when the first period is
close to the present. There is great flexibility in how one could
model this through the w, coefficients. We propose that the
relation between (wy, ..., w,) and the real-time parameters of
the sequence (r,, ..., 7,,) be modeled in the following way:

w, = f(7;)(a + 81),
0= f(T,)O',

where f(7,) is the discount function derived empirically from
single-outcome intertemporal choices and applied to the time
of the t — th period, 7,, whereas «, 8, and ¢ play the same role as
in the earlier model.

The interplay between discounting and improvement can be
seen in Figure 4, which shows how the weights for a five-period
sequence depend on the real-time parameters of the sequence.
The solid line in the figure is the underlying discount function,
f(7). The weights for the distant, closely spaced sequence are
increasing and nearly linear because the discount function val-
ues f(r,) through f(7s5) are virtually constant over the five
dates; the desire for improvement, which depends on period

(10)

-
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Time
Figure4. Individual period weights (w, ) for three 5-period sequences

that arise when a linear preference for improvement is modulated by a
hyperbolic discount function (solid line).

position rather than absolute time, dominates the discounting
effect. Moving that same sequence closer in time to a point at
which the hyperbolic discount function is steep produces signif-
icant within-sequence discounting, which combines with the
linear preference for improvement to produce a U-shaped
weighting pattern. Finally, for the widely spaced sequence dis-
counting predominates, and the weights essentially replicate
the declining shape of the discount function over time.

This pattern of weights would be consistent with the prefer-
ence reversal documented in Example 2, in which a visit to an
unpleasant relative had to be scheduled in one of two weekends.
For adjacent weekends, the values of the discount function at
the two weekend dates were not different enough to overwhelm
the preference for improvement; however, if the weekends were
separated by 6 months, then real-time discounting made it at-
tractive to schedule visiting the aunt in the later slot.

Three Properties of the General Model

Notwithstanding the additional complexity, the general
model has a number of properties that are either identical or
related to the discounting formula.

1. Interval utility scale. As in the general discounting for-
mula, preferences are invariant under linear, positive transfor-
mations of the utility function (see the Appendix).

2. Linearity in the small. Small improvements in the utility
of an outcome have a linear impact on sequence value, as if the
model were separable. This considerably simplifies the evalua-
tion of certain common scheduling decisions. Consider, for ex-
ample, whether it is better to schedule some event in period ¢ or
in period ¢ + 1. In a separable model, this would depend only on
the discounting weights w, and w, , insofar as it would be desir-
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able to redistribute utility from period ¢ to period ¢ + 1 when-
ever w, < W,
v _ v
o, Oy,

=w,— Wy <0. (11)
In our model, one also has to take into account the impact of
any such redistribution on the shape of the cumulated utility
graph. However, when the redistribution involves the adjacent
periods t and ¢ + 1, the cumulated graph is affected at only one
point—at period ¢. For periods prior to ¢, and for those later
than (and including) ¢ + 1, the cumulated utility level does not
depend on the division of utility between ¢ and ¢ + 1. Hence, the
evaluation of the redistribution in the additive case is modified
only by the addition of one extra parameter:

v _ ov
du,  Oupyy

The coefficient o, is either added or subtracted depending on
whether the average utility level in periods ¢ + 1 through # is
lower or greater than the level in the first £ periods. If the future
appears worse than the past from the vantage point of period ¢,
then the addition of the (negatively valued) o, term creates an
additional incentive for later scheduling of high-utility events.

3. Separability with respect to outcome permutations. The
general model described here is consistent with a weaker form
of separability, one that has an intuitive appeal in the context of
scheduling decisions. The usual form of separability states that
preference between two sequences that have elements in com-
mon does not depend on the nature of these common elements.
The weaker version is expressed as follows: Suppose that two
sequences of length n are permutations of the same set of events
(ie., utility levels) and that they also differ only over the first
m < n periods (or, equivalently, over the last m periods). Then,
preference between them will not depend on the common or-
dering of events over the remaining # — m periods.

Here is a concrete example of this type of permutation separ-
ability. A person is making plans for the next 2 months. At issue
for the first month is how to order a fixed set of tasks that have
to be completed. For the second month, a vacation month, the
issue is how to order a fixed set of leisure activities. The condi-
tion we have just defined would imply that the optimal order-
ing of events for the second month is not affected by how the
events are ordered in the first month (and vice versa).

It is not hard to demonstrate that our model generically satis-
fies this property. Because the two sequences under consider-
ation are permutations of the same set of events, they will share
the same reference line. Furthermore, sequences that agree on
the scheduling for the first month will have the same decumu-
lated utility graph for that segment. Regardless of the relation of
this common segment to the reference line, it will contribute,
through the deviation terms, exactly the same amount to the
value of either such sequence and hence will have a zero net
impact on preference among them. The optimal scheduling of
events in the second segment is therefore independent of the
schedule imposed in the initial one.

=w,— W, o <0

Two Studies of Preference for Outcome Sequences

In the following two studies, subjects rated the desirability of
sequences defined by events occurring over five consecutive

weekends. The first study was designed to elicit basic proper-
ties of preferences toward sequences and to test the goodness of
fit of the model presented in Equation 3. The second study was
designed specifically to check for violations of preferential in-
dependence across periods.

Study 1
Method

Subjects. Fifty-two subjects recruited at the Museum of Science and
Industry in Chicago were each given a ticket to a multimedia presenta-
tion (value $4) in exchange for participating. Subjects represented a
wide range of demographic characteristics. Forty-nine percent were
male, 55% were married, and the age range was 18-58 years (M = 32).
Six percent did not have a high school diploma, 11% had graduated
from high school, 30% had some college but had not graduated, 36%
had a college degree, and 17% possessed an advanced degree. The me-
dian yearly family income was approximately $35,000.

Stimuli. Each sequence consisted of five consecutive weekends: one
very enjoyable weekend, two moderately enjoyable weekends, and two
boring weekends. All permutations of these five events created 30 dis-
tinct sequences. Subjects were told first to examine all 30 sequences
and locate the best and worst one. The best was given a rating of 10 and
the worst a 1. After this, subjects were instructed to go through the
remaining 28 sequences and rate them according to their desirability
relative to the best and worst. The exact instructions were as follows:

Imagine it is Monday and you are contemplating the next five
weekends. Your situation is depicted in the diagram below.

] 1

Weekend: 1 2 3 4 5

The tall box represents a very pleasurable way to spend a week-
end. Think of who you would like to spend such a weekend with
and how you would like to spend it. In the diagram, you are doing
the pleasurable thing on the third weekend.

The medium height box represents a moderately pleasurable way
of spending a weekend. Think of something you enjoy, but do not
love, doing. In the diagram, the first and fourth days are moder-
ately pleasurable.

The flat line represents a boring and not at all fun way to spend a
weekend. Think of something you do not enjoy doing. In the dia-
gram, the second and fifth weekends are boring and not at all fun.

On the pages below you will find a series of 30 different sequences
consisting of very pleasurable, pleasurable, and boring weekends.
In each sequence there is one very pleasurable, two moderately
pleasurable, and two boring weekends.

We want you to rate each sequence on a scale from 1 to 10, where 1
is the worst and 10 is the best. First, go through all the sequences
and identify the one you like best and the one you like least. For
the one you like best, enter a “10” on the blank line. For the one
you like least, enter a “1.” Then examine each sequence and assign
it a rating from 1 to 10. If you like two sequences equally, you
should give them the same rating.

The 30 sequences were presented in one of two opposite or-
derings determined by a random drawing,.
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Results

Because our sequences involved only three possible out-
comes, the underlying utility assignment had only one free pa-
rameter, which we could identify with the position of the moder-
ately enjoyable weekend on a 0-2 scale, with 0 and 2 being the
values of the boring and very enjoyable weekends, respectively.
The descriptions of the outcomes and the height of the vertical
bars by which they were visually represented in the survey were
intended to suggest a midpoint utility assignment for the moder-
ately enjoyable weekend (i.e., scale value of 1).

We tested the model in Equation 3 by means of a maximum
likelihood procedure, which returned for each subject esti-
mates of the coefficients 8 and o, as well as the value of the
intermediate outcome, constrained to lic between 0 and 2. Posi-
tive values of 8 indicate people who prefer sequences that im-
prove over time; negative values indicate people who discount
the future. Negative values of ¢ designate people who prefer to
spread good outcomes over time; people with positive ¢ values
prefer to concentrate them at one point in the sequence.

The estimated value of the middle outcome was fairly close to
1 (M=0.81), indicating that most subjects evaluated the moder-
ately pleasurable weekend as about midway between the very
pleasurable and boring weekends. Estimated values of 3 were
positive for 40 of 52 subjects (77%), indicating a preference for
improvement. Thirty-five of 52 subjects (67%) exhibited nega-
tive vaiues of . Of the 52 subjects, 22 (42% ) conformed exactly
to the conjectured pattern: 8 > —a > 0; This corresponds to the
segment “dislikes declining, likes improving” in Figure 3. By
contrast, we would have expected only 1 of 8, or 6.5 subjects, to
reveal this pattern by chance. The mean value of 8 was .28, and
the mean value of ¢ was —.13.

The mean correlation between actual and predicted ratings
across all subjects was .60. Forcing the value of the middle-
valued outcome exactly equal to 1 and rerunning the analysis
lowered the mean correlation between actual and predicted
ratings from .60 to .52 and had almost no impact on the other
parameters. Therefore, all subsequent analyses were conducted
with the value of the intermediate outcome set equal to 1.

To put the goodness-of-fit figures into perspective, we ran
two additional analyses in an attempt to fit the standard dis-
counted utility model,

5
Rating = ¢ + a 2, 6y, (12)
=1

to the subjects’ ratings. The parameters ¢ and & map the under-
lying utility scale into the 1-10 rating interval; the parameter 6
measures whether a subject places more weight on early periods
(6 < 1) oron later ones (6 > 1).

As expected, a large fraction (65%) of the subjects revealed
“discount factors” () greater than I, implying greater weighting
for outcomes in later periods. The mean value for § was 1.23.
The mean correlation between predicted and actual ratings was
.38, and constraining the § parameter to be less than or equal to
1 (i., ruling out negative time discounting) reduced this corre-
lation to .08. Clearly, our model performs significantly better
than the conventional discounted utility model, particularly
when positive time discounting is assumed.

A comprehensive picture of intersubject variability is given

in Figure 5. Each subject is indicated by a point on the scatter-
plot, with the direction of each point relative to the origin deter-
mined by the relative values of 8 and s, and the distance from
the origin by the goodness of fit (for that subject). Specifically,
the x and y-coordinates in the scatterplot represent the normal-
ized regression coefficients,

[ 6 P g

where r is the correlation between predicted and actual se-
quence ratings. If the ratings of all subjects were fit perfectly by
the model, then all the points in the central scatterplot would
be distributed along the ellipse drawn in the figure that has a
fixed radius of 1. Subjects located close to the x-axis care about
improvement but are relatively indifferent to spread. Those lo-
cated close to the y-axis care about spread but not about im-
provement.

Looking at the scatterplot, one notices a fairly large cluster of
subjects in the lower right part of the panel, whose points come
close to the ellipse that identifies a perfect fit. These subjects
have positive coefficients for improvement (8 > 0) and negative
coefficients for ¢, indicating a preference for spreading out-
comes. One can find subjects who are motivated by impatience,
but such subjects are rare, and their preferences are not well
explained by the model. Only 2 subjects’ data, located in the
lower left quadrant, display impatience and a high goodness
of fit.

In general, the model provides reasonable goodness of fit to
the data, especially considering that it includes only two free
parameters ( not including the constant). Inevitably, however, it
will fit certain individuals better than others, and certain types
of sequences will be predicted more accurately than others.
Table 2 presents an analysis of the mean and mean absolute

UNIFORM COEFFICIENT

-1 -0.5 0 0.5 1
IMPROVEMENT COEFFICIENT

Figure 5. Scatterplot of normalized regression coefficients for all
subjects in Study 1. (The x-axis plots the normalized coefficient for
improvement and the y-axis the normalized coeflicient for negative

spread: 8 = m3/\B2 + 62, o' = ro/\YB* + o)
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Table 2
Mean and Mean Absolute Regression Residuals by Sequence
Mean Mean Mean
Mean predicted Mean absolute  squared
Sequence  rating rating residual residual residual
00112 6.11 6.14 -0.03 1.74 499
00121 5.74 6.11 —0.38 1.82 5.18
00211 5.57 6.08 -0.52 1.94 5.80
01012 6.81 6.11 0.70 1.69 5.20
01021 6.32 6.08 0.24 1.31 2.62
01102 6.08 6.08 —0.01 1.75 5.06
01120 5.36 5.63 -0.27 1.98 6.09
01201 5.68 5.73 -0.05 1.19 2.22
01210 5.58 5.31 0.28 1.74 497
02011 5.36 5.83 -0.47 1.42 3.52
02101 5.72 5.50 0.21 1.39 3.44
02110 5.55 5.08 0.47 1.78 4.53
10012 5.60 5.99 -0.38 1.45 3.27
10021 5.36 5.96 -0.60 1.49 3.98
10102 7.32 5.96 1.36 2.17 6.72
10120 5.51 5.50 0.00 1.50 3.68
10201 6.34 5.60 0.74 2.33 8.18
10210 5.32 5.18 0.14 1.34 3.14
11002 5.34 5.73 -0.39 1.87 5.72
11020 5.06 5.28 -0.22 1.64 4.35
11200 3.55 443 —0.88 1.69 4.30
12001 4.26 4.85 —0.60 1.48 3.49
12010 4.85 4.43 0.42 1.29 2.60
12100 3.62 3.91 -0.28 1.39 3.39
20011 4,62 5.18 —0.56 1.79 5.50
20101 5.13 4.85 0.28 1.66 4.48
20110 498 443 0.55 1.63 4.46
21001 4.11 4.33 -0.22 1.39 2.97
21010 443 3.91 0.53 1.43 3.53
21100 3.32 3.38 —0.06 1.29 291
M 5.29 5.29 0.0 1.62 4.34

regression residuals for the 30 sequences, averaged across all of
the subjects. The mean error indicates the degree of bias in the
model’s prediction of mean ratings; the mean absolute and
squared errors indicate the goodness of fit.

The pattern of residuals across sequences provides clues
about aspects of preference that are not picked up by the model.
Notably, the model overestimated the attractiveness of every
sequence with two consecutive zero periods; among these, the
sequence (1,1,2,0,0) was the most overvalued of any of the 30
patterns. This systematic error suggests that subjects may care
about the relation between adjacent periods to a degree not
captured by our global measure of spreading.

Study 2

Because the sequences in the first study were all permuta-
tions of a common set of outcomes, the results did not lend
themselves to direct tests of separability. It was not possible to
directly examine how the attractiveness of sequences changed
when a single outcome was altered but all the other outcomes
were held constant. The second study addressed this particular
question.

In the study, subjects rated two matched blocks of sequences.
The first, the lean block, consisted of a subset of 18 sequences
from the previous study selected to represent the full diversity

of the original set of 30. The second, the rich block, contained a
corresponding set of 1 8 sequences constructed by applying two
operations: (a) inverting the utility of individual outcomes so
that very enjoyable weekends occupied the position of the bor-
ing ones and vice versa and (b) flipping the order of weekends
from last to first. Consequently, each sequence in the rich block
contained one boring weekend, two intermediate weekends,
and two highly enjoyable weekends. The specific reasons for
this construction are explained now further.

For each block we created two orderings, one the reverse of
the other. Labeling the two orderings 4 and B and the blocks L
and R, each subject recetved one of the following four stimulus
combinations: (AL, BR), (AR, BL), (BL, AR), and (BR, AL).
Subjects were told to independently calibrate the rating scales
for the two blocks, with | representing the worst and 10 the best
sequence in each block.

Separability implies that a person who prefers, for example,
the sequence (1,0,0,1,2) to (2,0,0,1,1) in the lean block should
prefer the sequence (1,0,2,1,2) to (2,0,2,1,1) in the rich block
because the common 0 in the third period has been replaced by
the common 2. The two blocks of stimuli provided many equiv-
alent pairs of this type.

The manner in which the two blocks of sequences were con-
structed also made possible a consistency check for our basic
model (Equation 3). The two operations produced for each lean
sequence a corresponding rich sequence that had the same
amount of total improvement, as measured by Zd, and the
same total deviation from the reference line, as measured by
2! d|. For example, starting with the lean sequence (1,0,0,1,2)
utility inversion produces a rich sequence (1,2,2,1,0) that has
the same deviation terms, d;, but for a change in sign; formally,
utility inversion is a linear transformation of the utility scale,

~u(x) = au(x)+ b, witha=—1, b= +2, which, as shown in the

Appendix, has the effect of multiplying the deviation terms by
the constant a. The second operation, order reversal, then re-
stores the sign of the deviation terms but changes their order,
from first to last. Neither operation affects the total absolute
deviation of the sequence from its reference line. The effect of
these transformations on the deviation terms is sumarized as
follows:

(dl’d2’ d}» d4) Ed, ZIdtl

Original lean
sequence:

(1,0,0,1,2) (=.2,+.6,+1.4, +1.2)+3.0 +34

Step 1:
Utility inversion:
(1,2,2,1,0) (+.2,—-.6,-14,-12) =30 +34

Step 2:
Order reversal:

0,1,2,2,1) (+1.2, +1.4,+.6,—-2) +3.0 +34.

According to the simple model, Zu, + 824, + ¢Z|d), the value ofa
rich sequence equals the value of its corresponding lean se-
quence, plus an additive constant, which is the same for all
sequences and represents the increase of total utility by two
units in the rich set. After recalibration of the rating scale, the
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nominal ratings assigned to each pair of corresponding lean
and rich sequences should therefore be the same.

Method

Fifty-seven subjects were recruited at the Museum of Science and
Industry in Chicago and were given a ticket to a multimedia presenta-
tion (value $4) in exchange for participating. Forty-nine percent of the
subjects were male, 55% were married, and the mean age was 33. Four
percent did not have a high school diploma, 6% had graduated from
high school, 33% had some college, 35% had a college degree, and 20%
had earned advanced degrees. The median yearly family income of the
sample was again approximately $35,000.

Results

The success of the model and the distribution of parameter
estimates were comparable to those obtained in Study 1. Again,
most subjects preferred improving sequences (81% and 79% for
the lean and rich sets, respectively). The mean goodness of fit,
as measured by the correlation between actual and expected
values, was .61 for the lean sequence set and .58 for the rich set
(i.e, slightly higher than that observed in the first experiment).
Figure 6 displays the 8 and ¢ values and the goodness of fit for
individual subjects in the same format as in Figure 5. The dots
represent estimates derived from the lean block of sequences;
the plus signs result from the rich block. The correlation be-
tween the 8 coefficient values estimated from the two blocks of
data was .64; the correlation for the ¢ coefficients was .44,

Table 3 presents the mean ranks and ratings for the 18 pairs of
corresponding sequences in the two blocks. The results are
largely consistent with the simple model. The two best se-
quences, (0,1,1,0,2) and (0,2,1,1,2), are a corresponding pair,
as are the two worst sequences, (2,1,1,0,0)and (2,2,1,1,0). The
correlation across corresponding pairs in the two blocks is .95
(for mean ranks) and .92 (for mean ratings). The only two cases
in which mean ranks (or ratings) diverge by more than 1.0

UNIFORM COEFFICIENT

-1 -0.5 0 0.5 1
IMPROVEMENT COEFFICIENT

Figure 6. Scatterplot of normalized regression coefficients for all
subjects in Study 2.

involve the two lean sequences (0,1,1,2,0) and (0,2,1,1,0),
which both start and end on a bad note. Their corresponding
sequences, (2,0,1,1,2) and (2,1,1,0,2), have good outcomes in
these salient positions, which may enhance their value.

It is worth noting that the predicted one-to-one relation be-
tween the sequences in the lean and rich blocks is not self-evi-
dent, outside of the context of our model. For many pairs in the
list, for example, (1,1,0,0,2) and (0,2,2,1,1) or (0,2,0,1,1) and
(1,1,2,0,2), it is not at all obvious why they should receive simi-
lar ratings within their respective blocks. Consequently, the fact
that the ratings do agree for so many of the pairs is strong
evidence in support of the simple model.

Turning now to the separability tests, we examined all pairs
of sequences that differed in exactly one period. Given the con-
struction of the lean and rich blocks, each sequence in such a
pair would have either a 0 or a 2 in the nonmatching position. It
is natural to further divide these pairs into five subgroups, de-
pending on whether the nonmatching weekend occupied the
first, second, third, fourth, or fifth position. The ranks were
computed within each of these subdivisions and separately for
the lean and the rich blocks.

Separability implies that such matching pairs of sequences
should have the same rank within their respective blocks. Viola-
tions of independence are thus revealed by a divergence in
ranking. This is a conservative test of independence violations
because preferential interactions might occur but would not be
sufficiently strong to influence ranks.

Table 4 shows the average sequence rankings in a format
relevant to our separability tests. (We converted the direct rat-
ings into rankings in an obvious manner, giving sequences with
the same rating a tie rank,) The first pair of columns present
mean ranks for all sequences that were identical except for the
first period, which was either boring (first column) or very
enjoyable (second column). The numbers 5.5 and 5.9, for exam-
ple, represent the mean ranks of sequences (0,0,1,1,2) and
(2,0,1,1,2). The mean value of each of these columns is the
mean of the ranks 1-8. Likewise, the second pair of columns
provides mean ranks for sequences that are identical except in
the second period. If independence is satisfied, then the rank of
the matched pairs should not be significantly different from
one another. The underlined element in each pair is the one
that has lower total deviation from its respective reference line
(ie., 2| d]), and therefore it is also the one that should have
higher rank according to our theory.

The data in Table 4 provide strong evidence of preferential
interactions of the type predicted by the model. For the 36 pairs
of ranks, in 29 cases (or 81%) the difference in ranks has the
correct sign, including 13 of the 14 pairs where the difference is
significant at the .05 level.

For example, introducing a very pleasurable weekend in the
first position of a sequence in which the second weekend is
boring, in both cases improves its relative ranking, whereas
providing such a weekend when the first weekend is already
very enjoyable, lowers its relative ranking. In the second pair of
columns, substitution of the high-value outcome in the second
period helps the sequence (1,%0,1,2), which is otherwise very
thin in the first four periods, and hurts the sequence
(2,%1,1,0), which adopts a monotonically declining profile
when the very enjoyable weekend is inserted. Perhaps the most



SEQUENCES OF OUTCOMES 105

Table 3
Mean Ranks and Ratings for Corresponding Pairs
of Sequences in the Lean and Rich Blocks

For a more global test of interaction, we ran five ANOVAs,
one for each of the columns summarized in Table 3. The value
of the variable period (either O or 2) was the first variable, and
the pattern of the residual sequence was the second. We also

Lea Corre:i;;(t)lnding Mean ranks Mean ratings included subject identification as an independent variable, to

n . . . . y .

sequence sequence Lean Rich Lean Rich adJus.t for differences in subjects’ mean ratings. '

If independence holds, we would expect to observe main

01102 02112 133 12.5 7.2 7.1 effects for the value of consumption in the first period and for
00112 01122 13.1 1;-6 2% gg the remaining sequence but should not observe a significant
8}(231 iég}% 1%3 12; 63 70 interaction between the two. In other words, a subject’s ranking
00211 11022 11.3 1.0 59 63  of a sequence should depend on what happens in the first pe-
02011 11202 10.9 10.1 5.9 5.8 riod and what happens in subsequent periods but should not
10210 21021 10.3 10.2 5.6 6.1 depend on an interaction between the first period and subse-
10012 01221 10.1 10.0 5.5 5.9 quent periods.
11020 20211 10.1 9.1 5.5 53 . . . . .
01120 20112 97 114 5 6.4 The independence hypothesis was, in fact, rejected in every
11002 02211 9.0 8.9 5.0 5.2 period except the first in which the interaction term bordered
12010 21201 8.6 9.2 4.7 5.4 on significance, F(7,705) =1.60, p <.14. The interaction effect
02110 21102 8.5 9.8 4.6 5.8 was strongly significant in the second, F(5,517) = 5.34, p <
20110 21120 8.1 77 46 44 0001, third, F(7, 705) = 6.92, p < .0001, fourth, F(S,517) =
20011 11220 6.9 6.5 3.8 39 _ .
21001 12210 6.5 6.9 3.6 4.1 7.00, p < .0001, and fifth, F(7, 705) = 3.2, p <.003, periods.
11200 22011 6.1 6.9 34 4.2
21100 22110 45 4.6 2.7 2.8

clear evidence of the importance of spread comes from the
third pair of columns, where the middle period is being
changed. Independence is violated at the .05 level for six of the
eight residual subsequences. Likewise, in the fourth column,
there are several sequences that show large interaction effects.
For example, the sequence (2,1,1,*0) becomes maximally de-
clining and poorly spread on the introduction of a boring week-
end in the fourth period. The two back-loaded sequences
(0,1,1,*2) and (0,1,2,* 1), however, are both hurt by the intro-
duction of the enjoyable weekend in the fourth position. Fi-
nally, in the fifth pair of columns, there are two dramatic inter-
actions, (1,1,0,2,*), which is hurt by the introduction of a very
enjoyable weekend in the last period, and (2,1,1,0,*), which is
helped.

Discussion

Several general conclusions emerge from these analyses. It
appears that for sequences of outcomes, negative time prefer-
ence is the rule rather than the exception. In the two studies
just presented, more than 75% of the subjects exhibited a desire
for improvement. We also observed strong violations of tem-
poral independence, which indicates that any model that ex-
cludes interactions, such as an additive utility model, will miss
important aspects of preferences.

Finally, we found that our two-parameter model did a good
job of explaining individual’s preferences toward sequences of
outcomes. It did better than the discounting formula, even if
the discount rate was allowed to be negative. As shown in the
second study, it accurately predicted which sequences would
receive the same rank in separate choice sets.

Table 4
Test of Preferential Independence Mean Rank by Sequence
Value of first Value of Value of third Value of Value of fifth
period second period period fourth period period
Residual i
sequence 0 2 0 2 2 0 2 0 2
0112 5.5 5.9 4.6 4.7 5.0 4.1%* - 53 49
0121 5.7 4 gk 4.7 KX i
0211 44 4.9 39 3.5* 53 4.3+ 4.7 5.1
1012 34 4.6*** 5.0 6.0**
1021 4.7 5.4** 55 4.9
1102 5.6 5.0* 44 5.0 36 4.1* 55 4 ]***
1120 3.7 39 50 335 2.8 25 3.4 38
1201 48 4.7 4.7 4.9
1210 3.6 3.0%* 4.1 3.5
2011 4.2 3.7* 25 3.1%* 3.2 4.4%** 4.3 44
2101 3.1 4.5%%* 3.0 3.7%%*
2110 3.0 2.4 29 2.2%* 2.1 304> 2.5 3.8%**

Note. The boldfaced element in each pair should have higher rank according to theory.
*p<.10. ¥ p<.05. *¥**p< .0l
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At the same time, however, we acknowledge several limita-
tions in our work. First, there are subjective considerations that
may be important to individuals but that are excluded from the
model. For example, the fact that our model tended to predict
overly high ratings of sequences with two successive boring pe-
riods suggests that our spread measure was not sufficiently sen-
sitive to such interactions between adjacent periods. The under-
prediction of the sequence (1,0,2,0,1)—compare Table 2—
may indicate a premium for symmetry and so forth.

Second, our studies involved outcomes that were all gains; it
is an open question how well the model generalizes to se-
quences involving losses or combinations of gains and losses. It
is possible, for example, that people will prefer to isolate a single
gain in a sequence of losses or a single loss in a sequence of
gains, a pattern that would not be consistent with our model.

Third, our sequences were all permutations of a common set
of outcomes over a constant number of periods of equal dura-
tion. Varey and Kahneman (in press) argued that preferences
tend to be insensitive to the duration of a sequence and ob-
served violations of dominance that stem, in part, from this
insensitivity. This important finding needs to be replicated and,
if robust, addressed theoretically,

Fourth, we did not address whether individuals would actu-
ally stick to the choice of an improving utility sequence when
opportunities to change their original choice appeared along
the way. The choice of an improving sequence represents a deci-
sion to defer gratification, and we know from research and
from personal experience that such decisions are easier to en-
tertain than to carry out. Countervailing temptations arise
partly from the shape of the psychological discount function,
which places disproportionate weight on immediate satisfac-
tion (Ainslie, 1975), and partly from other factors, such as sen-
sory contact with rewards (Mischel, 1974). Mischel drew a use-
ful distinction between delay choice—choice between immedi-
ate and delayed alternatives—and delay of gratification, which
refers to the implementation of such delay choices. He showed
that implementing an initial decision to delay is not conflict
free if the immediate reward remains available during the wait-
ing period. Consequently, although individuals may prefer se-
quences that improve, in reality they may succumb to the mani-
fold temptations of the moment. Repeated lapses of this type
will, of course, in the long run produce a declining utility se-
quence, precisely the opposite of that which is desired.

However, individuals are not helpless in the face of their
urges. They may resort to self-control strategies ( Ainslie, 1975;
Schelling, 1984), cognitive restructuring (Ainslie, 1975; Mis-
chel, 1974), and raw willpower (Hoch & Loewenstein, 1991).
Many social institutions and arrangements provide further sup-
port for delay of gratification. These include social security,
retirement plans, term insurance, Christmas and dieting clubs
(Thaler & Shefrin, 1981), and traditionally increasing wage tra-
jectories (Frank, in press; Loewenstein & Sicherman, 1991).
All of these combine to help people avoid declining utility pro-
files.

Conclusion

Understanding choice between sequences is important be-
cause planning for the future invariably requires one to choose

between alternative sequences of outcomes. Taking a vacation
now may forestall a future vacation; increasing one’s spending
in the present may force reductions in future expenditures; and
dieting in the present is intended to produce delayed rewards,
whereas binge eating entails delayed costs. In each of these
cases, a given decision has multiple consequences that are
spread out over time.

Previous empirical work on time preference has focused al-
most entirely on the tradeoff that arises when two outcomes of
different values and occurring at different times are compared.
The tacit premise has been that such judgments will reveal an
individual’s “raw” time preference, from which one can then
derive preferences over more complex objects (e.g., retirement
plans, intertemporal income profiles, etc). This view we now
know is fundamentally incorrect. The empirical evidence pre-
sented in this article, in conjunction with the related work of
Frank (in press), Loewenstein and Sicherman (1991 ), Ross and
Simonson (1991), and Varey and Kahneman (in press), shows
that as soon as an intertemporal tradeoff is embedded in the
context of two alternative sequences of outcomes, the psycholog-
ical perspective, or “frame,” shifts, and individuals become
more farsighted, often wishing to postpone the better outcome
until the end. The same person who prefers a good dinner
sooner rather than later, if given a choice between two explicitly
formulated sequences, one consisting of a good dinner followed
by an indifferent one, the other of the indifferent dinner fol-
lowed by the good one, may well prefer the latter alternative.
Sequences of outcomes that decline in value are greatly dis-
liked, indicating a negative rate of time preference.

The sensitivity of intertemporal decisions to choice represen-
tation has important policy implications. Efforts to lengthen
time perspectives have generally focused on material induce-
ments. For example, attempts to increase the personal savings
of Americans have typically involved tax deductions on certain
types of interest income. Although not denigrating such efforts,
our research suggests that there may be other, more effective
and less costly methods of altering time perspective. Such
methods can take the form of media and educational cam-
paigns that express decisions as sequences rather than as indi-
vidual decisions. Alternatively, policymakers could bolster and
expand on the institutions that already exist that implicitly or
explicitly present decision makers with choices between se-
quences. ‘

The significant difference in preferences observed in inter-
temporal choices involving single outcomes and sequences
challenges the claim often made that groups and individuals
differ in their fundamental attitude toward the future. It is plau-
sible that such variations are not attributable to any fundamen-
tal attitude toward the future but instead reflect differences in
the way that options are perceived. Any factor, whether per-
sonal or situational, that causes intertemporal choices to frag-
ment and to be perceived as a series of individual decisions will
tend to induce high positive time discounting. Likewise, factors
that cause such decisions to be internally “framed” as sequences
will promote low and even negative time discounting.
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Appendix

To show that the two forms of the model are equivalent, we start with
Equation 6 and substitute for d* and d~ (from Equation 4):

n n~1 n—1
V(X)= Z u + Z "t+d1+ + Z o d’~
=1 =1 =1

g +o
-Sue 3 () T (S5 4.
Substituting for ¢ and ¢,
12 ! AR
- n Z U — §| is O = 2 )

i=1 £

yields the second form of the model (Equation 7),
n—1 + - 1 n ! n—1
0= Zus T ()1 2w Zu) T aldl
n = =1 =1
n n—1

= ur+z‘71|d|
'

with the weights equal to

"tilet—o -6
=1+ 2 = — |+ .
" §, n( 2 ) é ( )
The first two terms do not depend on the period ¢. Therefore, the
difference between adjacent weights simplifies to

n—1 Ui+ _ Ui_ n-1 0"-+ _ 0,-_
WI_W1+1=_Z(—2—)+_ZI( ] )
i i=t+

=t

I -
=0 T 0

To check that u(x) is an interval scale, we first assess the impact of the
substitution of u} (x;) = au(x;) + b for u(x;) on the following deviation
terms:

dY = (au; + b) — Z (au; + b)

i=1

||M=

=l~

—a—}ju +zb—a2u -t

= i=1

agu-z)

=ad,.

H

After the transformation, the value function (Equation 7) appears as

VHX) = S

n—1
wau, +b) + 2, o,ald,|
=1
n n—1 n
=aZ wu+ 2 ald)+b 2w
=1 =1

=1

=aV(X)+b 3 w,

=1
which ranks sequences in the same way as does V( X).
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