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19. ABSTRACT

The second project, which focuses on decision under uncertainty, extends prospect

theory by incorporating a cumulative (i.e., rank-dependent) weighting scheme. In
this model, the carriers of value are gains and losses, defined relative to a
reference point, and the impact of uncertainty is summarized by different weighting
functions for gains and for losses. Two evaluation principles -- diminishing
sensitivity and loss aversion ~- are invoked to explain the characteristic curvature

of the value function and the weighting functions. A review of the experimental evidence
and the results of a new experiment reveal a distinctive four-fold pattern of risk
attitudes: risk aversion for gains and risk seeking for losses of high probability;
risk seeking for gains and risk aversion for losses of low probabilicy.
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Decision under Conflict:

Annual Technical Report for 1990

The work during the second year of the grant has focused on two major theoretical and
empirical projects involving decision under uncertainty and riskless choice. The research is
summarized in two manuscripts entitled "Cumulative Prospect Theory: An Analysis of Decision
Under Uncertainty” and "Loss Aversion in Riskless Choice: A Reference-Dependent Model."
Both manuscripts have just been submitted fcr publication. The following report reviews the

progress made on the two projects, further details can be found in the enclosed papers.

Loss Aversion in Riskless Choice

The classical analysis of decision making under both risk and uncertainty, which under-
lies much of economics, decision analysis and management science, assumes that the preference
between options depends on one’s tastes, but not on one’s reference state. Consequently, the
carriers of utility are final asset positions, not gains or losses. Although this assumption greatly
simplifies the analysis of individual choice, the facts of the matter are more complex. There is
substantial evidence that initial positions do matter, and that the rate of exchange between attri-
butes (e.g., price and quality) can be quite different depending on which is acquired and which is
given up. Imagine an individual who faces a choice between two positions: one job offers high
status and a moderate salary, whereas the second job offers a high salary and a moderate status.
We suggest that the choice between these jobs depends, among other things, on one’s reference
state. In particular, the first position is more likely to be chosen if one holds a high-status, low-

salary job than if one holds a ligii-salary, low-status job because people are reluctant to accept a
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loss in either status or salary. This example illustrates a basic principles of human choice, which
we have labelled loss aversion: losses (i.e., outcomes below the reference state) loom larger than
corresponding gains (i.e., outcomes above the reference state). For example, the amount of
money required to compensate the decision maker for a change in the level of a given attribute
will be higher wicn ihe change represcats a loss than when it represents a gain. Because gains
and losses are defined relative to the reference state, a shift of reference can change the sign of
the respective outcomes and lead to a reversal of preference. Our work on loss aversion includes
three parts: a) experimental investigation, b) theoretical development, and ¢) analysis of impli-

cations. We shall discuss these topics in turn.

a) Experimental Investigation. We have conducted a series of experimental studies
designed to test for the presence of loss aversion in both riskless and risky choice. In one experi-
ment, for example, participants were endowed with a prospect that offered equal chances to lose
$5 or win $20. This prospect was matched to another prospect, with equal chances to lose $15
or win $x. Subjects had to determine the value of x for which the two prospects are equally
attractive. The median value of x was $60. Thus, an increment of $40 in the possible gain was
required to compensate for an increment of $10 in the possible loss. For comparison, a prospect
with equal chances to win $15 or $40 was matched by a prospect with outcomes of $5 and $52.
In this case, a different of $12 between the two best outcomes was sufficient to compensate for a
difference of $10 between the two inferior outcomes. These data imply moderate curvature of

the value function and extreme loss aversion.
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In another design, a combination of a small gain and a small loss was compared to a
combination of a larger gain and a larger loss. Loss aversion implies that the same difference
between two options will be given greater weight if it is viewed as a difference between two
¢::advantages (relative to the reference state) than wher it is viewed as a difference between two
advantages. This prediction was tested in a study in which people chose between part-time jobs
that differ with respect to daily travel time and amount of social contact. We varied the charac-
teristic of one’s present position, which presumably serves as a reference point for the evaluation
of the two options. As implied by loss aversion, we found that a given difference between two
options had much greater impact when evaluated as a difference between two losses (disadvan-

tages) than when viewed as a difference between two gains (advantages).

b) Theoretical Development. In order to interpret the reversals of preference that are
induced by a shift of reference point, we introduce as a primitive concept a preference relation
indexed to a given reference state. Thus, x 2, y is interpreted as: x is weakly preferred to y from
reference state r. This relation serves as a basis for a reference-dependent model of choice that
generalizes the standard theory (which does not include a reference state) and incorporates the
notion of loss aversion. A particularly simple form, called constant loss aversion, is defined as a
change of unit below the reference point. We provide necessary and sufficient conditions for
constant loss aversion in the case of an additive utility function. A review of the experimental
evidence suggests that choices involving monetary outcomes and consumption goods yield a loss
aversion coefficient of about 2. That is, the impact of a given difference is doubled when it

represents a loss instead of a gain.
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c) Analysis of Implications. Loss aversion has significant implications for both individual
and aggregate behavior. [t underlies the large discrepancy, reported in the economic literature,
between the minimal amount that people are willing to accept to give up a given object and the
maximal amount that they are willing to pay to acquire it. Furthermore, because a change gen-
erally involves a gain in one attribute and a loss or. another, loss aversion favors stability v
charge. This phenomenon. called the status quo bias or reluctance to trade, has been observed in
numerous studies (see e.g., Samuelson and Zeckhauser, 1988). Loss aversion and the reluctance
to trade can also shed light on the difficulty of reaching a negotiated settlement If each side
views its own concession as a loss and the concession made by the opponent as a gain, then loss
aversion will make mutual concessions relatively unattractive. The role of loss aversion in nego-

tiation has been recently documented by Bazerman and Neale (1990).

Decision under Uncertainty: Cumulative Prospect Theory

Expected utility theory reigned for several decades as a dominant normative and descrip-
tive model of decision making under uncertainty, but it has come under serious question in
recent years. There is now general agreement that this theory does not provide an adequate
description of individual choice; a substantial body of evidence shows that decision makers sys-
tematically violate its basic tenets. More than a decade ago, we presented a theory of risky
choice, called prospect theory, which explained the major violation of expected utility theory in
choice between risky prospects with a small number of outcomes (Kahneman & Tversky, 1979;
Tversky & Kahneman, 1986). The present development extends prospect theory in several

important respects. First, it applies to any finite prospect and it can be readily extended to
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continuous distributions. Secoad, it is no longer limited to prospects with objective probabilities
and it can be applied to unquantified uncertainty as well. Third, the present theory 2llows dif-

ferent decision weights for gains and for losses.

A theory of choice under uncertainty specifies (i) the objects of choice, (ii) a valuation
rule, and (iii) the characteristics of the functions that map uncertain events and possible out-
comes into their subjective counterparts. In standard applications of expected utility theory, the
objects of choice are risky assets, the valuation rule is expected utility, and utility is a concave
function of wealth. The empirical evidence obtained during the last two decades requires major
revisions of all three tenets. We have proposed an alternative descriptive theory in which (i) the
objects of choice are prospects framed in terms of gains and losses, (ii) the valuation rule is> a
(two-part) cumulative functional, and (iii) the value function is S-shaped and the weighting func-

tions are inverse-S shaped. We shall briefly address these elements in turn.

(i) Framing. We distinguish two phases in the choice process: framing and valuation.
In the framing phase, the decision maker constructs a representation of the acts, contingencies
and outcomes that are relevant to the decision. In the valuation phase, the decision maker
assesses the value of each prospect and chooses accordingly. The framing process is governed
by two rules of mental economy: acceptance and segregation. The acceptance rule states that,
given a reasonable formulation of a choice problem, decision makers arc prone to accept the
problem as presented to them, and do not spontaneously generate alternative representations.
Acceptance explains why different formulations of the same problem orten yield different

preferences. A second rule of mental economy is the segregation of the decision problem at

hand from the broader context. In accord with this rule, people frame problems by focusing on
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the acts, the outcomes and the contingencies that appear most directly relevant to the choice
under consideration. A prime example of segregation of outcomes is a nearly universal practice
of thinking about choice problems in terms of gains and losses, rather than in terms of wealth or

final asset positions.

(ii) Valuation. in expected utility theory, the unlity of an uncertain prospect is the sum
of the utilities of the outcomes, each weighted by its probability. The empirical evidence sug-
gests two major modifications of *he theory. First, the carriers of value are gains and losses, not
inal asscts; second, the value of each outcome is multiplied by a decision weight, not by an
additive probability. These assumptions have been incorporated into the original version of
prospect theory. The new version, called cumulative prospect theory, extends the original theory
to multiple uncertain outcomes and introduces different decision weights for gains and for
losses. It also generalizes the standard rank-dependent model that is applied to assets rather than

to gains and losses.

(iii) Subjective Scales. Two evaluation principles, diminishing sensitivity and loss aver-
sion, are invoked to explain the characteristic curvature of the value and the weighting functions
of the present theory. As in the original version, we assumc that the value function is concave
above the reference point, convex below it, and steeper for losses than for gains. The first two
conditions reflect the principle of diminishing sensitivity: the impact of a change diminishes with
the distance from the reference point. The last condition is implied by the principle of loss aver-
sion according to which losses loom larger than corresponding gains (Kahneman & Tversky,

1984).
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The principle of diminishing sensitivity applies to decision \seights as well. In the
evaluation of outcomes, the reference point serves as a boundary that distinguishes gains from
losses. In the evaluation of uncertainty, there are two natural boundaries -- certainty and impos-
sibility -- that correspond to the endpoints of the certainty scale. Diminishing sensitivity entails
that the impact of a given change in probability diminishes with its distance from the boundary.
For example, an increase of .1 in the probability of winning a given prize has more impact when
it changes the probability of winning from .9 to | or from 0 to .1, than when it changes the pro-
bability of winning from .3 to .4 or from .6 to .7. Diminishing sensitivity, therefore, gives rise to

a weighting function that is concave near O and convex near 1.

These qualitative properties of the value and the weighting functions have been
confirmed in an extensive study of individual decision making under risk. Subjects were run
individually on a computer for three separate sessions. The analysis of individual data provided
strong support for a distinctive four-fold pattern of risk attitude implied by prospect theory: risk
aversion for gains and risk seeking for losses of moderate and high probabilities; risk seeking for
gains and risk aversion for losses of small probabilities. These data are explained by the curva-
ture of the weighting function. Overweighting of small probabilities contributes to the popular-
ity of both lottery and insurance. Underweighting of high probabilities contribute to both the
prevalence of risk aversion in choices between probable gains and sure things, and to the pre-
valence of risk seeking in choices between probable and sure losses. Risk aversion for gains and
risk seeking for losses are further enhanced by the curvature of the value function in the two
domains. The pronounced asymmetry of the value function, which we have labeled loss aver-

sion, explains the extreme reluctance to accept mixed prospects. The shape of the weighting
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function accounts for the certainty effect and other violations of independence. It also explains
why these phenomena are more readily observed at the two ends of the probability scale where
the curvature of the weighting function is most pronounced. In sum, the present development
provides a systematic analysis of decision making under risk and uncertainty, which is consistent
with some of the major phenomena reported in the literature. It is noteworthy, however, that the
present treatment does not deal with the complexities of elicitation procedures or with the effect

of context, which call for different theoretical developments.
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