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Abstract

There is much evidence that people willingly violate expected utility theory when making choices.
Several axiomatic theories have been proposed to explain some of this evidence, but there are few data
that discriminate between the theories. To gather such data, an experiment was conducted using pairs
of gambles with three levels of outcomes and many combinations of probabilities. Most typical fin-
dings were replicated, including the common consequence effect and different risk attitudes for gains
and losses. There is evidence of both fanning out and fanning in of indifference curves, and both
quasiconcavity and quasiconvexity of preferences. No theory can explain all the data, but prospect
theory and the hypothesis that indifference curves fan out can explain most of them.

Expected utility theory (EU) is the foundation of the economics of uncertainty and
the focus of much research and application in decision theory and psychology
(Schoemaker, 1982). EU rests on the proof that a utility function exists that makes
preferences over gambles representable by the numerical expected utilities of the
gambles—preferred gambles have higher numbers—if preferences obey several
simple axioms. Despite the intuitive appeal of the axioms, many patterns of
choices that violate them have been pointed out (most notably by Allais, 1953,
1979; Ellsberg, 1961; and Kahneman and Tversky, 1979).

Subjects who violate EU axioms in their choices often change their preferences
to conform to the axioms when their violations are pointed out. But many well-
informed subjects refuse to change their preferences; they reject the axioms in-
stead. Animals violate EU in the same way people do (Battalio, Kagel, and Mac-
Donald, 1985), which suggests the violations have a simple cause, perhaps
perceptual.

To describe the choices such people make, theories have been developed in
which the EU axioms are weakened to allow patterns of preference that violate
EU. Except for prospect theory, all these new theories include EU as a special case,
so they will be called generalized utility theories. Many theories will not be con-
sidered.! The theories (and authors) we will consider are weighted utility theory
{(Chew and MacCrimmon) and its kin, skew-symmetric bilinear (SSB) utility
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theory (Fishburn) and regret theory (Bell, Loomes and Sugden); implicit expected
utility theory (Chew, Dekel); the fanning-out hypothesis (Machina); lottery-
dependent expected utility (Becker and Sarin); prospect theory (Kahneman and
Tversky); and expected utility with rank-dependent probabilities (Quiggin,
Yaari).

Since most of these theories were developed to explain the same small set of EU
violations, when they were created there were few data which distinguish among
them empirically. Some new data do distinguish some of the theories from each
other. These data will be reviewed below, along with a new test that can distinguish
all the theories.

We will not discuss many EU violations that are especially difficult to explain.
These include violations of transitivity, perhaps resulting from reversals of prefer-
ence or response-mode effects (Grether and Plott, 1979; Slovic and Lichtenstein,
1983; Hershey, Kunreuther, and Schoemaker, 1982); aversion to vagueness or am-
biguity (Ellsberg, 1961; Einhorn and Hogarth, 1985; Hogarth and Kunreuther,
forthcoming); violations of stochastic dominance due to opacity (Tversky and
Kahneman, 1987); and the effects of framing, such as reference-point shifts
(Kahneman and Tversky, 1979) and statistical correlation of lotteries (Loomes and
Sugden, 1987a,b; Loomes, 1988).

1. Theoretical predictions

Each generalized utility theory we consider makes a slightly different prediction
about the shape of curves of indifference between sets of gambles. By graphing
predicted indifference curves and studying their propetties, it is apparent what
choices between gambles can separate all the theories. A set of such gambles are
then offered to subjects;’ their choices test the theories.

Predictions about indifterence curves are easily displayed in the triangle
diagram developed by Marschak (1950) and put to good use by Machina (1982).
(Indeed, this section overlaps heavily with Machina, 1982, 1983; Sugden, 1986; and
Weber and Camerer, 1987.) Consider three gambles X, Xy, Xy (low, medium, high)
with objective probabilities p;, py, Py, such that X; < Xy (X is preferred to X, ) and
Xy < Xy (Indifference is denoted X; ~ X;.) Outcomes are represented by
degenerate lotteries that give a certain result with probability one. (In some cases
we also denote outcomes by lower-case letters.) The gambles X, X, X;; our sub-
jects won were degenerate lotteries with certain monetary outcomes.

If three gambles are fixed, then the set of all gambles over those gambles can be
represented in two dimensions, in p; — py space. The third dimension, py,, is im-
plicit in the graph because py = 1 — p; — py. Since the sum of the probabilities
cannot be greater than one, the set of feasible probabilities is a triangle bounded
by the lines p; = 0 (the left edge), pum = 0 (the hypotenuse), and py = 0 (the lower
edge), as shown in some of the figures below.
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L1 Expected utility theory

In its simplest form, EU requires three axioms; ordering, continuity, and indepen-
dence. In describing these axioms, and below, we assume that gambles are prob-
ability distributions on final wealth states.

Ordering requires that preferences be a weak order (Fishburn, 1970): asymmetric,
and negatively transitive. These simple properties imply stronger ones, including
completeness and transitivity. Completeness means that either X < Y, X > Y, or X
~ Y (ie., people can make up their minds). Transitivity means that X < Yand Y <
Z implies X < Z. In the triangle diagram, completeness implies that two points
either lie on different indifference curves or lie on the same curve. Transitivity im-
plies that indifference curves do not cross inside the triangle.

Continuity requires that for any gamble G, that satisfies G, < G, < Gy, a unique
probability g can be found for which one is indifferent between G, and a gamble
with a ¢ chance of G, and a 1 — g chance of G, (written Gy, ~ ¢Gy, + (1 — ¢)G)). Con-
tinuity ensures that every gamble lies on some indifference curve; there are no
holes in the indifference map in the triangle. Uniqueness of the probability ¢ im-
plies that indifference curves are not thick.

Independence assumes that if the gambles X and Y are equally preferable, then
the gambles composed of a ¢ chance of X (or Y) and a 1 — ¢ chance of Z are also
equally preferable. That is, X ~ Yimplies gX + (1 — ¢)Z ~ gY + (1 — ¢)Z for any g
and Z. The independence axiom implies that indifference curves are parallel
straight lines (see Marschak, 1950, and below).

Variants of ordering and continuity are required in virtually all axiomatized
theories of choices. Empirical criticism of them is relatively rare and unconvinc-
ing (see review by MacCrimmon and Larsson, 1979°). The independence axiom is
the source of many of the violations of EU mentioned above: generalized theories
typically weaken it.

The ordering axiom implies that a numerical scale exists that represents a per-
son’s preferences over gambles (more-preferred gambles have higher numbers).
Continuity and independence make the numerical utility of a gamble equal the
expectation of the utilities of the gamble’s possible outcomes. That is,

EU:  UgX + (1 = ¢)Y) = qU(X) + (1 — q)U(Y). (D
Furthermore, any positive affine transformation V(X) of the utility function U(X)
(ie., (X) = a + bUX), b > 0) will represent preferences equivalently.*

In EU, an indifference curve in the triangle diagram is a set of gambles with the
same expected utility U*,

EU: U* = p lUXL) + pnUX W) + pulU(Xy). (2)

Substituting pyy = 1 — py — py and rewriting (2) in slope-intercept form,
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U* — U(Xy) UXw) — UX,)
=—— W} p M AL 3
8= ) — U 7 TK) — Ul ©)
The slope of the tangent line to an indifference curve at a point is dpy /dp;:
_d& — U(XM) - U(XL) (4)

dp. UXy) - Uxy) '

Since the slope dpy/dp, is a constant, depending only on the relative utilities of the
three outcomes. the indifference curves are straight lines with the same slope, as
shown in figure 1. The properties of indifference curves under EU, linearity and
parallelism, are shown in table 1 and contrasted with the properties of curves
under other theories, derived below. (Casual readers can look at table 1 and then
skip ahead to section 3.)

The slope [UXy) — UXD)/|UXy) — UXy)| can be naturally interpreted as a
discrete marginal rate of substitution of py for py, or as the shadow price of pro-
babilistic units of the highly valued gamble in terms of probabilistic units of the
lowest-valued gamble. Risk-averse people will have a larger U(Xy,) (relative to

increasing

preference

p

L

Fig. 1. Indifference curves assuming expected utility.
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U(X1) and U(Xy)); their indifference curves are steeper; and they demand a higher
price to bear risk. The independence axiom forces the degree of risk-aversion at a
particular point to be independent of the location of that point in the triangle.

Machina (1982) pointed out that the slope [U(Xy) — UXD)/[UXy) — U(Xy)] can
be rewritten as

_ HUMXy) — UXw)] — [UXy) = U}

! UKy) - UKy

(%)

The second term in (5) is the discrete analogue of the familiar Arrow-Pratt
measure of risk aversion, —U"(X)/U’(X), because the numerator represents a dif-
ference of differences, and the denominator represents a difference. Thus, the
slope of indifference curves (plus one) is a measure of risk aversion much like the
Arrow-Pratt measure,

1.2. Weighted utility theory

Chew and MacCrimmon (1979) used a weakened version of the EU independence
axaiom to derive weighted utility theory (see also Chew, 1983). Weak indepen-
dence assumes that for each probability g, there is a probability r for which X ~ YV
implies gX + (1 — ¢)Z ~ rY + (1 — r)Z for any Z. (EU independence, sometimes
called strong independence, requires r = ¢q.) People are effectively allowed an extra
degree of freedom in choosing the probability r (depending on g) that satisfies
weak independence for any Z. The extra degree of freedom is manifested in a
novel weighting function that combines with probabilities and utilities. Preferen-
ces can be represented by a weighted expected utility,

: _ _gWX)UX) + (1 — g)W(NUY)

WEU: UgX + (1 — ¢)Y) JW ) + (1= () . (6)
The weighting function W(X) is, roughly speaking, determined up to a positive
multiplicative constant (see Chew, 1983, p. 1076). If W(-) is constant, the weights
in (6) divide out and weighted utility reduces to EU.

The axioms suggest no obvious psychological interpretation to the weighting
function. The weights seem to modify probabilities, reflecting mental distortions
or misperceptions, to a degree that depends on outcomes. Weber (1982) interpreted
W(X) as the conceivability or vividity of X.°

In our simple three-outcome setting, weighted utility predicts indifference
curves of the form

_ WXW(U* = UXy) + pu WX NU* — UXL)) + WX(U(Xy) — U]
b WXWU* ~ UXy) + WX)(UXy) — U¥)

N
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with tangent line slopes of

dpy . WEXDWU* — UXy) + WXW(UXy) = U*)
dpr.  WEXWU* = UXw) + WX)(UXy) ~ U¥)

(8)

The tangent line slopes in (8) depend on U*, so each indifference curve has a dif-
ferent slope (equation (7) shows that the curves are straight lines). If we arbitrarily
set W(X,) = W(Xy) = 1 (we have the freedom to do so), then either W(X,) < 1 or
W(Xy) > 1. If W(Xy) < 1 (called the light hypothesis by Chew and Waller, 1986)
then dpy /dp, is increasing in U*; curves get steeper from right to left. W(X,) > 1
(the heavy hypothesis) implies slopes are decreasing in U*; curves get flatter. It is
easy to show that the indifference curves all meet in a point outside the triangle, as
shown in figure 2 (for W(Xy) < 1). (In EU the meeting point is infinitely far away,
so the curves are parallel.) Curves that get uniformly steeper as one goes from right
to left (W(Xy) < 1) are said to fan out (Machina, 1982); curves that get flatter
fan in.

Weighted utility has a remarkable kinship with the skew-symmetric bilinear
(SSB) utility studied by Fishburn (1982, 1983, 1984). In SSB utility, preferences are
defined over pairs of gambles (X,Y) and represented by a numerical function

Fig. 2. Indifference curves assuming weighted utility (W(Xy,) < 1).
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X)X LY, 0X, 7)< 0;if X ~ Y, (X, Y) = O; and if Y < X, §(X,Y) > 0. (If 6(X,Y)
= U(X) — U(Y), then SSB reduces to EU.) The function ¢(X, Y) is skew-symmetric if
X, YY) = —o(X,Y) and bilinear if it is linear in each argument (e.g., ¢(gX +
(1 -¢9)Z,Y) = qoX,Y) + (1 — ¢)6(Z,Y)). If X and Y are uncorrelated lotteries with
component outcomes x; and y; with probabilities p; and g;, then &(X,Y) = L,
PigiO(x;,¥)-

Fishburn proved that an SSB function ¢(X,Y) represents preferences if they
satisfy a symmetry axiom: If Xy ~ .5X; + .5Xy, p; must equal p; in the indifference
relations .5Xy + .5Xy ~ p XL + (1 — p )Xy and SXy + 5X. ~ p Xy + (1 — p))Xi.(In
EU, p, = p, = .25.) That s, indifference curves in a triangle diagram with Xy ~ .5X;
+ .5Xy must be symmetric around the 45-degree line. (Curves must be straight
lines because of a dominance axiom that ensures bilinearity.) The symmetry
axiom allows the slopes of indifference curves to vary, but they must vary symmet-
rically so they will meet at a common point outside the triangle, as in weighted
utility.

If transitivity is assumed, then SSB utility is equivalent to weighted utility. This
kinship is rather remarkable because weighted utility was generated by weakening
the independence axiom to explain the Allais paradox, while SSB demonstrates
that a utility function on pairs of gambles can be useful. Of course, if ¢(X.Y) =
VW (Y) — V(NYW(X) (with V(X) = W(X)U(X)) then the equivalence of SSB and
weighted utility is rather clear. If transitivity is not assumed, then SSB indifference
curves can meet at a point inside the triangle; intransitivity results from moving
from curve to curve in a counterclockwise cycle (see figure 9 in Machina,
1987).

Regret theory is an important generalization of intransitive SSB that applies
when outcomes of different lotteries may be statistically correlated (Bell, 1982,
1983; Loomes and Sugden, 1982, 1987a). (Since transitive SSB is a special case,
regret theory need not imply intransitivities, but they are permitted.) Regret is the
psychological sensation of unhappiness from choosing X and foregoing a choice Y
that turns out better. Regret theory predicts that a change in the statistical correla-
tion of outcomes for two gambles X and Y can affect preferences, even if the prob-
ability distributions of X and Y are held constant. There is much evidence that cor-
relation does matter, as regret theory predicts (Loomes, 1988; Loomes and
Sugden, 1987b; Starmer and Sugden, 1987a; but see Battalio, Kagel, and Komain,
1988, table 7). In the experiment reported below, gamble outcomes are not statis-
tically independent. The statistical correlation between gambles is held fixed so
that the predictions of regret theory are the same as those of EUS

L3. Implicit expected utility

One way to generalize weighted utility is to allow the weighting function W{(X)
used to evaluate a gamble to depend upon the weighted utility of the gamble. The
same consequences result in expected utility if one allows the utility function used
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along an indifference curve to be different for each curve (i.e., to depend upon the
expected utility on the curve).

Implicit weighted utility results if all gambles with weighted utility U* will have
the same W(X, U*) but those weights could vary with I/* (Chew, 1985). Then the
utility of a gamble is given by U*, which implicitly solves

gWXUNHUX) + (1 — g)W(Y,UMU(Y)
qWXU*) + (1 — g)W(Y,U¥)

IWEU: U* = U(gX + (1 — g)Y) =

)

This generalization is called implicit weighted utility, because U* depends on the
weighting function, which in turn depends on U*. Implicit weighted utility results
from a very weak version of the EU independence axiom: For each probability ¢
and gamble Z, there is a probability r for which X ~ YimpliesgX + (1 — ¢)Z ~ 1Y
+ (1 — r)Z. Since r can depend on g and Z, it need not be independent of ¢ and Z
as in EU or independent of Z as in weighted utility.

In terms of the meeting-point property of weighted expected utility, implicit
weighted utility has the odd property that the meeting point for indifference curves
depends on the value of U*; each indifference curve has its own meeting point (at
which it may not meet any other curve), as in figure 3. Therefore, curves do not
necessarily fan out or fan in uniformly.

The same result can be achieved by letting the utility function in EU depend on
the expected utility U* (i.e., replacing U(X) with U(X, U*), as in Dekel, 1986). Then
EU is generalized to implicit EU,

IEU:  U* = U@@X + (1 = )Y) = qUX.U*) + (1 — UV, U*.  (10)

Implicit EU makes the same prediction as implicit weighted EU: Indifference cur-
ves are straight lines (because Dekel (1986) assumes a betweenness axiom), but their
slopes vary because U(X, U*) varies with U*. Implicit EU describes a person who
uses a different utility function, perhaps reflecting different degrees of risk aver-
sion, along each indifference curve.

The only testable implication of implicit weighted utility and implicit EU
(besides transitivity and continuity) is that indifference curves are straight lines.
Linearity of curves arises from the betweenness axiom; If X < Y, then X < ¢X +
{1 — @)Y Y for any probability ¢: i.e., any gamble that is a probabilistic mixture of X
and Y should be between them in preference. Continuity and betweenness
together mean that X ~ Y implies X ~ ¢gX + (1 — ¢)Y ~ Y for all ¢ (i.e., people are
indifferent to gambling amongst indifferent items). Since X and Y lie on the same
indifference curve (by assumption), the mixture—which is indifferent to X and Y—
must lie on that indifference curve too. But the probability mixture gX + (1 — ¢)Y
is located on a line segment between X and ¥; the indifference curve must be
that line.
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P

Fig. 3. Indifference curves assuming implicit weighted utility.

Since betweenness is the only testable property of implicit EU (and it is a test-
able implication of the independence axioms of EU and weighted utility also), itis
fortunate that we can test it easily.

14. The fanning-out hypothesis

Machina (1982) argued that most empirical violations of the strong independence
axiom of EU could be explained by the hypothesis that indifference curves fan out,
or get steeper from the lower right to the upper left of the triangle. (Weighted utility,
with W(Xy) < 1, also predicts fanning out, and implicit EU permits it.)
Machina’s hypothesis uses the notion of (first-order) stochastic dominance. In
general, a gamble X stochastically dominates Y if the cumulative distribution func-
tion (cdf) of X, denoted Fy(w), is always below or the same as the cdf of Y (i.e., Fy(w)
< Fy{(w) for all w, with at least one strict inequality). For the three-outcome gambles
shown in the triangle diagram, X stochastically dominates Y if p,(X) < p;(¥) and
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ruX) > pu(Y). Graphically, a point X stochastically dominates Y if X lies to the
northwest of Y.

Machina considers preference functions V(X) of a general form. He uses a first-
order Taylor series expansion to show that preferences V(X) for gambles near a
point G are approximately the expectation of the local utility function at G,
denoted Ulx;G). Expected utility holds locally even if it does not hold globally.
(Similarly, expected value maximization holds locally in EU even if does not hold
globally.) Machina then shows that many properties of the local utility functions
of V(X), such as risk aversion, imply global properties of V(X); many of the stan-
dard assumptions of EU therefore hold for V(X) even though V(X) does not
satisfy EU.

Machina’s main theme is the theoretical demonstration that tools of EU
analysis may be used despite EU violations, but he also made an important em-
pirical conjecture. His claim, called hypothesis II, is that the local utility functions
of stochastically dominant gambles will exhibit more risk aversion (by the Arrow-
Pratt measure) than local utility functions of stochastically dominated gambles.
Formally,

If Fo(w) < Fg(w) Vwthen ~U"(x; Fo)/U'(x;Fg) > —U"(x;Fy)/U'(x;Fpg).
(1

Since the steepness of indifference curves in the triangle diagram is a measure of
risk aversion, hypothesis II predicts that curves will be steeper for gambles to the
northwest (i.e., with lower p, or higher py). Figure 4 shows curves that satisfy
hypothesis II. Since such curves fan out, as in weighted utility (with W(X,,) < 1), we
shall call Machina’s hypothesis II the fanning-out hypothesis.

1.5. Lottery-dependent expected utility

Becker and Sarin (1987) describe a variant of EU in which the utility function used
to evaluate outcomes depends on the particular lottery which generates those out-
comes. Their lottery-dependent EU requires only ordering, continuity, and stochas-
tic dominance axioms. Two further properties guarantee a functional form similar
to implicit EU:

LDEU: ForF=qgX+ (1 -q)Y,U(F)=qU(X,cp) + (1 — q)U(Y,cp),
(12)

where ¢, is a number depending on F. (LDEU is easily generalized to gambles with
several outcomes or continuous distributions.) If ¢ = U(F), LDEU is implicit EU;
if ¢ is constant, LDEU is EU. Becker and Sarin restrict their attention to a func-
tion ¢y that is linear in probabilities, so ¢y = th(x)dF (x) for some function A(x).
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Pr

Fig. 4. Indifference curves assuming the fanning-out hypothesis.

(For instance, if A(x) = x, ¢y 1s the mean of the distribution F.) They also suggest an
exponential form for the utility function, U(x) = (1 — e"F)/(1 — ™) where
x' = (x = x0)/(x* — x,), and x, and x* represent the minimum and maximum
values x can have.

Since lottery-dependent EU has no betweenness axiom, in its general form it has
even fewer testable implications than implicit EU. However, the special cases with
Cr= th(x)dF (x) and exponential utility do make predictions about the shape of
indifference curves. If we define x;, = X; and x* = X}, the lottery-dependent
utilities of our three-outcome gambles are

LDEU:  U* =py+ (1 —pp — pu)(l — e F*M)/(1 — e™F) (13)

For Xy = (Xi, + Xg)/2 (as in the low gain and low loss gambles used in the experi-
ment), (13) simplifies to

U*=pug+ (1 -p.—pu)/(1—eF? (14)
with ¢ = h(Xy) + pr(h(XL) — H(Xw)) + pu(h(Xp) — A(Xy))

Since (14) is not a linear function of the probabilities, solving for py; in terms of py,
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to see the shape of indifference curves gives complicated expressions that are hard
to interpret. However, we can take the derivative dU*/dp, from (14), note that dU*/
dp, = 0 along an indifference curve, and solve for the slope of indifference curves
dpy/dp,. We get

dpy _ 1+ P+ S(h(K) = A = p1 = pu)] (15)
dpr e+ T+ S(h(X) = R = pr = pi)l

From (15) we can intuit some properties of indifference curves:’ If 4(x) is linear in
x, then for the special case Xy, = (X} + Xy)/2 itis clear that A(Xy) — A(Xy) = A(Xy) —
h{Xy). As p, increases with py held fixed, ¢ decreases, e™F increases, and dpy/dp;
decreases. By similar reasoning, increases in py cause dpy/dp; to increase.
Therefore, indifference curves get steeper as p,; increases along the left edge p; = 0,
and flatter as p; increases along the lower edge p; = 0: the curves fan out.

Becker and Sarin show that if 4(x) is positive and concave then people are risk-
averse; convexity implies risk-seeking. If Xy = (X. + X}y)/2 and p, increases, con-
cavity implies that A(Xy) — A(X_) is greater than #(X};) — h(Xy). For differential in-
creases in both py and p, it follows from (15) that concavity implies decreases in
dpy/dp, as we move up an indifference curve (convexity implies increases).® That
is, the curves will be concave if 4(x) is concave, and convex if h(x) is convex.

Figure 5 shows typical indifference curves for lottery-dependent EU, assuming
the exponential form with ¢z = th(x)dF (X), A(x) positive and concave. They fan
out, as curves do in weighted utility (or by the fanning-out hypothesis), but they are
also concave (or convex, depending on A(x)) like curves in the rank-dependent
utility theories discussed below.

1.6. Prospect theory

The prospect theory of Kahneman and Tversky (1979) does not generalize EU. It
embodies four important differences from EU: (1) Prospect theory only applies to
prospects, gambles with at most two nonzero outcomes (though see Tversky and
Kahneman, 1987, footnote 3); (2) prospects are edited to make them simpler to
evaluate (e.g., outcomes and probabilities are rounded off or lumped together); (3)
all outcomes are framed as changes from a reference point; and (4) edited
prsopects are evaluated according to one of several expectationlike rules that com-
bine a value v(X) and a decision weight n{g). For instance, if X and Y are outcomes
of the same sign (both gains, or both losses, relative to the reference point),
then

U0+ gX + (1 —r—q)Y) = n(q@uX) + n(1 = r — q)u(Y) (16)

for » > 0. The decision weight function n(g) transforms probabilities nonlinearly.
Kahneman and Tversky report data which suggest that n(g) is increasing, subaddi-
tive (n(g) + n(1 — ¢) < 1), and discontinuous at the endpoints 0 and 1.° They also
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PL

Fig. 5. Indifference curves assuming lottery-dependent expected utility (#(x) concave).

hypothesize that the value function v(x) is concave for gains (reflecting risk aver-
sion), convex for losses (reflecting risk-seeking), and steeper for losses than for
gains (reflecting loss aversion).

Prospect theory is difficult to test because it has many more degrees of freedom,
especially in the editing stage, than any other theory. The whole idea of an indif-
ference curve is jeopardized by the possibility of editing and framing. However, we
can hope to learn something by using suitably limited prospects (satisfying (i)
above), leaving parts (ii) and (iii) aside, and testing whether the evaluation rules
and hypothesized v(x) and n(g) functions describe choices. The evaluation rules
may work well even if editing and framing are ignored. If the rules work poorly, the
nature of their descriptive errors may suggest the kind of editing and framing sub-
jects are doing.

In the tests we used only gambles with a zero outcome and (at most) two non-
zero outcomes, so prospect theory applies. The gambles were of the form 0 = X <
Xy < Xy, or Xy < Xy < XL = 0. When p; = 0, along the left edge of the triangle, pro-
spects are assumed to be edited into a sure-gain component Xy, and a risky compo-
nent py0 + pu(Xy — Xy) (as suggested by the theory). These edited prospects
have value

PT,pr =0 UlpmXy + pudu) = v(Xw) + 1(pu)v(Xy — Xy). (17)
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When p; > 0, prospects have value
PT,p. > 0: UpL0 + pyXy + pudn) = n(ppv(Xy) + n(pwv(Xy).
(18)

As we did for lottery-dependent utility above, we can solve for dpy /dp; by differen-
tiating (15) with respect to p,. We get

dU(p.0 + puXy + puXy) — dn(1 —p, — pn) v(Xy) + d”(PH) v(Xy). (19)
dpy dp. dp.,

Along an indifference curve, U(p, 0 + py Xy + puXu) IS constant so its derivative is
zero. Applying the chain rule to the other terms, we get

dpu/dp; = 1" (pMm)v(Xn)/ (7' (pu)v(Xy) — 1’ (Pum)v(Xn))- (20)

Equation (20) tells us the slope of the indifference curve at any point, in terms of
the derivatives of the decision weight function n(g) and the values v(Xy), v(Xy).
(We must be careful in applying (20) because derivatives of n(g) do not exist on the
edges of a triangle where one of the three probabilities is zero, if n(-) is not dif-
ferentiable at zero.)

The properties of the n(q) function posited by Kahneman and Tversky suggest,
but do not necessarily imply, that n(g) is convex (except near the endpoints). We
take convexity to be an adequate working assumption. If n(g) is convex, its deriva-
tive is smallest around zero and largest around one. The slope dpy/dp, is
maximized—indifference curves will be steepest—near the lower left-hand corner
where py is close to 1. As py increases near the left edge, the slope dpy/dp, gets
smaller (indifference curves will be flatter); as p; increases on the lower edge the
slope gets smaller, but at a slower rate than on the left edge. Near the hypotenuse,
with py near zero and fixed, the slope gets flatter as py increases. Notice that indif-
ference curves fan out through part of the triangle, near the edge py = 0 for in-
stance, but they fan in through other parts, near p, = 0 or py, = 0.

Because n(g) is discontinuous near 0 and 1, the indifference curves are discon-
tinuous along the edges, as figure 6 shows. Because people will overweight the
small probabilities of winning Xy (near the hypotenuse) or Xy (near the lower
edge), they will much prefer points just inside those edges to nearby points that are
exactly on the edge: indifference curves on the hypotenuse and lower edge will ap-
pear very steep and flat, respectively. On the left edge there is a change in evalua-
tion rule, from (16) to (17), as p, goes from zero to a small number. This change
makes the edge points where p,. = 0 much preferred to points inside the edge, so
indifference curves will appear very steep on the left edge of the triangle.

Along the line p,; = py (or py = (1 — pL)/2), which bisects the triangle, the slope
dpy/dp, is constant; indifference curves are exactly parallel along this line. We call
this property bisector parallelism. These properties are reflected in the indifference
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Fig 6. Indifference curves assuming prospect theory.

curves graphed in figure 6."° All these properties depend only on the convexity of
the decision weight function.

There are many other theories in which probabilities are weighted nonlinearly,
or subjectively (see Edwards, 1954a; Handa, 1977; Karmarkar, 1978). Their indif-
ference curves will still have slopes given by (20). Specific predictions depend
upon the shape of the subjective weighting functions. For instance, if people at-
tach special weight to some probability p (Edwards, 1954b) then indifference cur-
ves will be kinked along the horizontal line py = p and the diagonal line py, = p.
(Our test is probably not subtle enough to detect such kinks.) If subjective pro-
babilities of gains are overweighted compared to identical probabilities of losses
{(Edwards, 1955), the degree of curvature in indifference curves will differ for gains
and losses.

L.7. Expected utility with rank-dependent probabilities

In prospect theory, nonlinear weighting of probabilities can cause violations of
stochastic dominance. (We can see this in the negatively sloped segment of indif-
ference curve in the lower left-hand corner of figure 6. Along this segment, some
gambiles stochastically dominate others but all are equally preferred.) In prospect
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theory, people are assumed to notice dominance in the editing stage and choose
the dominant prospect, but this presumption can cause indirect transitivity
violations. Tversky and Kahneman (1987) argue that dominance violations do
occur, and a theory which tries to account for them is better than a theory which
rules them out.

Several authors have axiomatized generalized utility theories in which pro-
babilities are weighted nonlinearly but dominance is not violated. The trick is to
take the cumulative distribution function (cdf) of each gamble and transform the
entire cdf by a nondecreasing function g(g). If X stochastically dominates Y, then
Fy(x) < Fy(x) for all x and g(Fy(x)) < g(Fy(x)) too. Outcomes are then weighted by
discrete chunks of the cdf (or differentials if the cdf is continuous).

These theories weight probabilities of outcomes according to the order or rank
of the outcomes in the transformed cdf. Therefore, they are sometimes called EU
theories with rank-dependent probabilities (EURDP). In general, expected utility
with rank-dependent probabilities is

UlgX + (1 — @)Y) = g(@)UX) + (1 — g(gHU(Y)  forX <7Y. (2D

We assume g{g) is monotonically increasing, with g(0) = O and g(1) = 1. Ifg(g) = ¢
then EURDP reduces to EU.

Quiggin (1982,1985) was the first to consider such a theory (called anticipated
utility), in which g(.5) = .5. Yaari (1987) considers a special case in which U(x) is a
linear function of x. He locates risk aversion in the probability weights (assuming
g(g) is concave'') rather than in the utility function, so he calls his theory dual EU.
Hey (1984) interpreted the probability weights that result from a concave g(g) as
reflections of optimism and pessimism. Segal (forthcoming) used the theory to ex-
plain aversion to ambiguity about probabilities. Chew (1984) axiomatized the
general form given in (21) above.

In our three-gamble example, EURDP states that

U* =gp)UXL) + [gpL + pv) — g UX W) + (1 — gL + pm)U(Xn).
(22)
As with prospect theory, we can derive the slope of indifference curves dpy/dp, by

differentiating with respect to p,, noting that JU*/dp, = 0 along an indifference
curve, and applying the chain rule. We find (sce also Roell, 1987, p. 156)

' U(Xw) — UX))
d /d = /g (pL)( M . (23)
PR = e (T = pud(UX) — UX))
The properties of dpy/dp, in EURDP are quite similar to those in prospect theory.
Typical indifference curves (for a concave g(g)) are shown in figure 7. Ifg(g) is con-
cave (convex), indifference curves are steepest (flattest) in the corner p,, = 1; they
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Pr

Fig. 7. Indifference curves assuming expected utility with rank-dependent probabilities (g(g) concave).

get flatter (steeper) as one moves along the left edge p, = 0 or the lower edge
pu=0. The curves are equal in slope along the hypotenuse py = 0 (where
pL =1 — py) for any g(g). We call the latter property hypotenuse parallelism. As in
prospect theory, the curves do not fan out uniformly from lower right to upper
left.

2. Experimental design

Each subject was shown several pairs of gambles from a set of 14 pairs, which are
given in table 2 and shown graphically in figure 8. Each pair was a choice between
a gamble G = (p,,pm.pu) and a transformation of G with some of the probability
mass py shifted from the middle outcome Xy, to each of the extreme outcomes X
and X};. Either .10 or .20 probability mass was shifted, so the choices were either be-
tween G and (pL + .10,py — 20,py + .10) or G and (pL + .20,py, — 40,py + .20).
The gambles shifted .10 are numbered above the lines in figure 8; gambles shifted
20 are numbered below the line.

Three payoft levels (X1, Xy, Xy) were used: large gains (0;$10,000;$25,000); small
gains (0;$5;$10); and losses (—$10;—3$5;0). These payoffs enable us to test whether
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Table 2. Gamble pairs presented to subjects

Less risky gamble More risky gamble

Pair no. Pr Py Py 123 Py Py
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Fig. 8 Gamble pairs presented to subjects.
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violations of EU vary with the size of the payofts (as weighted utility, fanning out,
and lottery-dependent utility allow), and whether choices for losses are fundamen-
tally different than choices for gains (as prospect theory suggests).

By construction, the gambles in each small gain and loss pair always had the
same expected value. Therefore, the shift in probability mass away from p,, (which
characterized the change between gamble G and gamble H in each pair) is a mean-
preserving spread. For large gains, gambles G and H do not have the same expec-
ted value, so the shift away from py is not a mean-preserving spread, but it does in-
crease variance (i.e., the variance of H is larger than the variance of G). Therefore,
we will call the original gamble G in each pair less risky and the transformed gam-
ble H more risky.

Every subject made choices for four pairs of gambles in each of the three payoff
levels, and a single repetition of one of the 12 pairs, a total of 13 choices. For a
given payoff level, the four gambles were chosen to test betweenness and fanning
out for each subject.

Betweenness was tested by giving subjects pairs of gambles of the sort G =
@Lpwrw) vs. I = (pp + 20,py — A0,py + 20) and G vs. H = (p + .10,py — 20,py
+ .10). Since H = .5G + .51, if subjects obey betweenness the only permissible pref-
erence pairs are (H < G, < G)and (G < H,G < I). For example, consider pair 2, the
choice between (0,4..6) and (.1,2,.7), and pair 3, the choice between (0,.4,.6) and
(2,0,.8). A coin flip between (0,.4.,.6) and (.2,0,.8) gives (.1,.2,.7); therefore if people
prefer (0,4.,.6) to (.2,0,.8) and obey betweenness, then they should prefer (0,4..6)
to ((1,.2,7).

Fanning out was tested by giving subjects gamble pairs in different parts of the
triangle. For instance, a subject might choose among gambles in pair 2, 5, 6, and 9.
Since the gambles in pair 2 dominate the gambles in pair 5, which dominate those
in pair 9, fanning out predicts that preferences for the riskier gamble in each pair
will increase from pair 2 to pair 5 to pair 9. (Pairs 5 and 6 were used only to test bet-
weenness, though pair 6 also provides data about fanning out.)

Each pair of gambles was represented on a separate sheet of paper using a
diagram shown (for gamble pair 9) in the appendix. Gambles were operation-
alized as random drawings of tickets that were uniformly distributed from 1 to 100.
The numbers of tickets yielding a particular prize were shown on the vertical axis.
Amounts of prizes were shown in rectangles, with the width of the rectangles
drawn to reflect the amount of the prize. In these diagrams the area of the rec-
tangles is the (relative) expected value of a gamble, so subjects can judge expected
value of gambles visually. The diagrams might bias the results in favor of expected
value maximization and hence in favor of EU rather than competing theories."
The bias is deliberate: it helps rule out the criticism that subjects only violate EU
because they are not told expected value or cannot calculate it.

Each subject received a questionnaire with two pages of instructions (see appen-
dix), 13 pages with one gamble pair on each page, and a page for recording their
payoff. We randomly varied the order of gamble pairs, and whether the less risky
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gamble appeared on the left or right. (Subjects chose gambles on the right side of
the page 50.77% of the time, n = 4103, ¥* = .96.)

The experiment was run in seven sections of an MBA quantitative methods
course at Wharton.” One hundred and twenty of the original subjects were later
asked four questions each (gamble pairs 13-14, and some replications of 3-4),
without payment, about a month after the initial experiment.

There were three payment conditions: (1) 179 subjects did not play any of the
gambles, but were paid $2 for participating; (2) 80 subjects played one of the small
gain gambles; and (3) 96 subjects were given $10, then played one of the loss gam-
bles (with a maximum loss of $10). Comparing choices in condition (1) with
choices in conditions (2-3) tests whether paying the subjects motivates them to
choose differently (perhaps more carefully, or more in accordance with EU).

After subjects made all their choices, they played gambles by choosing a ticket
to determine which gamble pair was chosen, and a ticket to determine the outcome
of the gamble they preferred in the chosen pair.'* After picking the ticket that
determined the gamble pair, half of the subjects who actually played gambles
(conditions 2-3) had a chance to change their choices. After subjects decided
whether to change or not, they chose the second ticket, which determined their
payoffs.”

First we will draw methodological conclusions, and then the theories will be
tested. ‘

3. Results: Methodological conclusions
3.1. Reliability

We can test the reliability of subjects’ responses by seeing how often they ex-
pressed the same preference for the same gamble. Since subjects were not allowed
to express indifference,' unreliability consists of human error in expressing true
preferences, and random switches between 4 and B when the true preferences
is indifference.

Overall, 31.6% (n = 348) of the subjects reversed preference. This number is dis-
tressingly close to the 50% we would expect if choices were random, but compar-
able with numbers in other studies (e.g., 26.5% in Starmer and Sugden, 1987b).

The fraction of reversals did not depend on whether subjects actually played
gambles (¥’ = .22) or whether gambles were presented on different sides of the
page in the two replications (x* = .43). However, the fraction of reversals was lower
when there were fewer gamble pairs between the first and second presentations of
the repeated gamble (suggesting that poor memory contributes to unreliability)."”
For instance, when pairs were presented next to each other, there were only 13.3%
reversals (z = 30); when pairs had 0-3 other pairs between them, there were 24.1%
reversals (n = 112).



82 COLIN F. CAMERER

For the tests of EU involving gamble pairs that came next to each other in the se-
quence of pairs, we can take 13.3% reversals as a baseline of allowable error. For
pairs less than four pairs apart, the more conservative baseline of 24.1% is
appropriate.

3.2, Reluctance to change decisions: The isolation effect

Eighty subjects were allowed to change their expressed preference after the gamble
pair they would actually play was determined. Allowing subjects to change their
choices tested whether subjects choose between gambles G and H as if the G-H
pair is certain to be chosen, or between %G and Y% H (since there is only a one-in-
four chance that the G-H pair will actually be chosen to be played). If subjects do
change, their preferences for a choice between %G and YH are apparently dif-
ferent than their preferences between G and H. Subjects will not change if their
preferences obey the independence axiom, or if they are dynamically consistent and
choose as if each gamble will actually be selected (as in the isolation effect of pros-
pect theory; see Kahneman and Tversky. 1979, and Loomes and Sugden, 1986). A
change in preferences is evidence of an EU-violating common ratio effect (see
below).

Only two of 80 subjects did change.!® Therefore, either the independence axiom
holds or subjects exhibit an isolation effect. Since the data below suggest that in-
dependence is often violated, we must conclude that there is an isolation effect.
This is puzzling for theorists, but comforting for experimenters because it implies
that allowing subjects to play some randomly chosen gambles generates meaning-
ful responses for all gambles.

3.3. The effect of incentives

Financial incentives are controversial because social scientists often disagree
about their effect. Noneconomists usually assume that financial incentives do not
matter much because subjects have no reason to misrepresent their preferences
and are motivated by other incentives. Economists believe instinctively that finan-
cial incentives matter because they relate outcomes to decisions most saliently (cf.
Smith, 1982); subjects who are not financially motivated may be more inclined to
give answers that are quick or sloppy or amusing (Grether, 1981), or they may give
answers they think experimenters want to hear. But it is unclear why such answers
would necessarily violate EU (provided the number of violations are compared to
subject reliability).

Subjects who actually played a gamble were no more reliable than subjects who
did not play, and they took the same amount of time making choices. It is also use-
ful to see whether financial incentives affected the percentage of subjects choosing
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Table 3. Chi-squared tests of independence of choices
from payment condition

Type of payoff

Gamble
pair Large gain Small gain Loss
1 2.68 3.90 48
2 1.70 113 4.57
3 3.20 .83 390
4 253 1.34 6.35*
5 340 1.44 16
6 1.69 1.60 2.58
7 123 2.69 10.11%*
8 28 2.52 4.04
9 0 .81 1.29
10 1.14 42 5.87
11 74 2.41 6.04*
12 357 11.20%* 209
Summed
statistics 2217 30.29 82.58**
*p < .05.
*p < 0L

the less risky gamble (the lower-left gamble in each pair) in each of the three in-
centive conditions.

For each of the 12 gambles administered in the initial, large experiment, a con-
tingency table can be constructed showing the numbers of less risky and more
risky choices (rows) in each of the three payment conditions (columns)—no gam-
ble, gain gamble, loss gamble. A chi-squared statistic (with two degrees of
freedom) can be used to test for independence of the fraction of less risky choices
from the incentive conditions. These statistics are shown in table 3, for each of the
12 gambles, for each of the three levels of payoffs. Summed chi-squared statistics
are shown at the bottom of each column; these have the chi-squared distribution
with 24 degrees of freedom if incentives do not matter.

Most of the chi-squared statistics in table 3 are well within the bounds for accep-
tance of the null hypothesis of independence. For the large and small gain payoffs,
there is only one strong rejection (at the 1% level) out of 24. Incentives make little
difference in subjects’ choices among gambles involving gains.

3.4. Gambles for losses from stakes vs. gambles for gains
For loss payoffs, there are three rejections in table 3, and the summed statistic

(82.58) strongly rejects independence. These rejections are problematic because
subjects who actually played loss gambles were given $10 initially; they might con-
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sider their gambles to be small gain gambles. To test this possibility, we can com-
pare the choices of subjects who played loss gambles with choices on gain gambles
that were played. We can also compare choices on played loss gambles with
choices on unplayed loss gambies. These two comparisons are shown in table 4. If
subjects playing loss gambles treat them like losses, the chi-squared statistics in
the left column will be large and those in the right column will be small. If they
treat played loss gambles like net gains (which they are), the left-column statistics
will be small and the right-column statistics will be large.

All the chi-squared statistics are rather large; choices involving losses that will
be played are apparently different from both unplayed loss choices and played
gain choices.

Battalio, Kagel, and Komain (1988) also found that losses from a stake were
treated differently than equivalent gains (their table 3). However, their subjects
also made more risk-averse choices when they actually played gambles than when
they made hypothetical choices (though the direction of majority risk preference
was rarely changed by playing).

The mixed evidence in table 4 suggests that some subjects may treat losses from
a stake like gains and some may treat them like losses. We can roughly measure
how many subjects think either way by looking at each individual subject’s pattern
of choices. Table 5 summarizes the number of less risky choices in small gain
gamble pairs and the number of less risky choices in loss gamble pairs for each

Table 4. Chi-squared tests of played loss choices
versus hypothetical gain and loss choices

Played loss choices vs.

Gamble Hypothetical Hypothetical
pair small gain loss

1 09 44

2 12 457*

3 7.33%* 3.56

4 1.34 6.35*%

5 1.94 07

6 6.25* .19

7 246 0.94%+

8 1.09 1.66

9 .62 07
10 0.43%* 5.74%
11 12.33%* 546*
12 24 144
Summed

statistics 43.24%* 39.49%*
*p < .05.

**p < 01,
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Table 5. The number of less risky choices on gain and loss gambles by
each subject

Number of less risky choices on LOSSES

0 1 2 3 4 Total
Number of 0 5 0 0 3 0 8
less risky 1 0 4 4 1 2 11
choices on 2 4 9 3 3 2 21
GAINS 3 5 9 10 3 1 28
4 8 8 4 4 4 28

Total 22 30 21 14 9 96

x* statistic for collapsed table (1-3 combined) = 11.29 (p < .025).

subject who played a loss gamble. Nineteen subjects (those on the diagonal) made
the same number of less risky choices for gains as for losses. Sixteen subjects were
above the diagonal, more risk-averse for losses than for gains, and 61 subjects were
below the diagonal, more risk-averse for gains than for losses.

Table 5 shows that a large majority of subjects treat losses from a stake as dif-
ferent from gains, and are more risk-averse toward gains than toward losses. The
reflection effect in prospect theory suggests a stronger claim, that subjects will be
risk-averse toward gains and risk-seeking toward losses. Thirty of 57" subjects
(53%) exhibited reflection by making a majority of risk-averse gains choices and a
majority of risk-preferring loss choices. This percentage is roughly comparable to
the figures in Hershey and Schoemaker (1980), Chew and Waller (1986), and Bat-
talio, Kagel, and Komain (1988, table 2; cf. table 1). Risk aversion toward gains and
risk preference for losses does not hold for all subjects, but it is the modal prefer-
ence pattern among the four possible patterns.

4. Results: Tests of competing theories

There are two ways to analyze the data: between-subjects and within-subjects.
Between-subjects tests look at patterns of averaged choices; within-subjects tests
look at averaged patterns of choices. Within-subject analyses are generally prefer-
able because they do not require the assumption that subjects’ tastes (including
tendencies to violate EU) are the same except for random deviations. Between-
subjects analyses do require that assumption. We shall use between-subjects
analyses to suggest conclusions that will be verified by within-subjects analyses.
Between-subjects analyses are also useful because many applications of EU in
economics assume a representative agent; between-subject measurements of aver-
age behavior provide a picture of how such a hypothetical representative agent
might act.
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4.1. Between-subjects analyses

The fractions of all subjects® choosing the less risky gamble in each pair are
shown graphically in figures 9-11. Each figure is a triangle diagram with the
amounts X, , X,, X;; shown on the corners. The thin lines connect the two gambles
in a pair. (For the small gain and loss gambles, figures 10~11, these are isoexpected
value lines.) The thick line represents the fraction of subjects who chose the less
risky gamble in the pair (the fraction is written next to the thick line). For instance,
the thin line in the upper lefi-hand corner of figure 9 connects (0,.2,.8) and (.1,0,.9),

$25,000

$10,000 $0

PL

Fig 9. Fraction of subjects choosing the less risky gamble in each pair, large gains.
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Fig. 10. Fraction of subjects choosing the less risky gamble in each pair, small gains.

the two choices in gamble pair 1. Seventy-three percent of the subjects chose
(0,.2..8) over (.1,0,.9).

The slope of the thick line is a linear function of the fraction of subjects who
chose the less risky gamble. If all subjects chose the less risky gamble, the thick
line will be perfectly vertical; if all chose the more risky gamble, it will be horizon-
tal. If half chose the more risky gamble and half chose the less risky gamble, the
thick line will have a slope of one (it will lie on top of the thin line connecting the
gambles). The thick lines are analogous to indifference curves, but they have no
formal meaning?' Iron filings scattered on paper will line up when a magnet is
held underneath the paper, revealing the direction of the magnetic field. The lines
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PL

Fig. 11. Fraction of subjects choosing the less risky gamble in each pair, losses.

in figures 9-11 are our iron filings; they suggest the direction of EU violations,
which can then be tested with within-subjects data (which do have formal
meaning).

EU predicts the lines will be parallel. That is a reasonable approximation, es-
pecially for the gambles involving small money amounts (figures 10-11). However,
a difference between two fractions of less risky choices of roughly .10 is statistically
significant at the 5% level,” and there are many such differences. We can strongly
reject the hypothesis that the fractions in each triangle are all equal.”

The important question is whether any of the generalized utility theories can ac-
count for the deviations from EU. We can get a rough idea of how well the
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generalized theories fare by comparing the properties they predict curves should
have, shown in table 1, with the thick lines in figures 9-11.

Because weighted and implicit EU use the betweenness axiom, they predict that
different gamble pairs on a single thin line will have thick lines with the same
slope. This property often holds, but it is strongly violated for gamble pairs 9-11
and 14 in the lower right portion of figures 9-10 (gains), and for gamble pairs 2-4
and 13 in figure 11 (losses).

Fanning out holds reasonably well: indifference curves typically get steeper as
one goes from lower right to upper left (less so in figure 11, for losses). Gamble
pairs near the hypotenuse do seem to fan out less than along other edges, as pre-
dicted by EURDP.

Curves are different for small gains (figure 10) and small losses (figure 11). The
loss gambles are identical to the gain gambles except for a difference of $10. If
utility functions were defined on final wealth positions, the difference of $10 would
be a minor wealth effect and figure 10 would look like figure 11. It does not. Sub-
Jjects seem to value gains and losses from a reference point, as many theorists (e.g.,
Markowitz, 1952; Kahneman and Tversky, 1979) have suggested.

The steepness of the gain curves (figure 10) and the flatness of the loss curves
(figure 11) suggest that subjects are risk-averse for gains and risk-seeking for
losses, as in prospect theory (see also Battalio, Kagel, and Komain, 1988; cf, Har-
less, 1988). Indifference curves also seem to be mostly convex for small losses and
concave for small gains, which is inconsistent with EURDP but consistent with
prospect theory. Indeed, the curves in the loss gambles (figure 11) are much like
the curves from the small gain gambles (figure 10) reflected around the 45-degree
line, as prospect theory predicts.

Prospect theory can account for discontinuities at the edges. Discontinuities
imply that gamble pairs like 2 and 3, which include the same edge gamble and two
linear gambles which have py and p; larger by .1 (pair 2) and .2 (pair 3), will have
quite different slopes (recall figure 6). Such pairs usually do have different slopes.
However, prospect theory predicts that the pairs closer to the hypotenuse (e.g., pair
8 and pair 14) should have steeper slopes than their associated inner pairs (pairs 7
and 11), but the closer pairs actually have flatter slopes. Except for these
hypotenuse pairs,* prospect theory explains the basic features of figures 9-11
rather well.

The impressions one gets from the between-subjects analyses also hold with-
in subjects.

4.2. Within-subjects analyses

We can test betweenness within-subjects by looking at the fraction of subjects who
choose the less or more risky gamble both times from pairs that lie on a straight
line. These data are reported in table 6.

For large gain gamble pairs 3 and 4, the table indicates that 83% of 58 subjects
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chose the same gamble in both pairs (i.e., the more risky gamble or the less risky
gamble). Fourteen per cent chose the less risky gamble in pair 3 and the more risky
gamble in pair 4, suggesting concave indifference curves (quasiconvex preferen-
ces), a dislike of mixtures. Three percent chose the more risky gamble in pair 3 and
the less risky gamble in pair 4, suggesting convexity (quasiconcave preferences), a
preference for mixtures. If the betweenness violations are random, then the per-
centage of same choices (83% in pairs 3-4) should equal the percentage of same
choices when the same gamble was presented twice (back to back) to test
reliability, 86.7%. Asterisks denote significance levels for the test of whether the
fraction of same choices was equal to 86.7%. Most of the z-statistics are significant,
many at the 1% level.

If violations are random, then the fractions of less—more and more-less choices
should be about equal. Generally they are not; curves appear to be concave (a
larger number of less-more choices) on the hypotenuse and convex on the edges
for gain gambles, and the opposite for loss gambles. (In these data, statistical tests
show that a difference in the less-more and more-less fractions of more than .1 is
significant at the 5% level.)

Coombs and Huang (1976) tested betweenness also. Their work was motivated
by portfolio theory, the idea that preferences for gambles depend upon expectation
and risk, and people have some optimum level of risk (i.c., risk preferences are
single-peaked). According to portfolio theory, betweenness can be violated be-
cause a probability mixture of gambles 4 and B may have a risk level that is closer
to the optimum than the risk levels of 4 and B are. In one set of three gamble pairs,
with money amounts rounded to dollars, their subjects violated betweenness only
14% of the time (less than the 19% expected by chance®). In a set of gambles with
unusual money amounts (like $2.13) they violated betweenness 46% of the time.
Chew and Waller (1986) found 27% violations.

In Coombs and Huang’s data, portfolio theory accounted for about 60% of the
violations of betweenness. Portfolio theory predicts only about half of the
violations in our data, and 30% of Chew and Waller’s violations.®

Fanning out is tested similarly in table 7. Consider two gamble pairs that lie on
an edge, such that the gambles in one pair stochastically dominate the gambles in
the other pair (e.g., hypotenuse pairs 1 and 8). The first important statistic is the
fraction of subjects who chose the same gamble in both pairs (i.e., the less risky or
the more risky gamble); this is the fraction consistent with EU (60% for large gain
pairs 1-8). The second important statistic is the fraction of EU violations that are
explained by fanning out (75% for large gains pairs 1-8). The asterisks in the table
denote the results of a z-test comparing the fraction of choices consistent with EU
with 75.9% (the reliability for identical pairs separated by 0-3 other pairs, as the
fanning-out pairs were), and a z-test comparing the fraction of violations consis-
tent with fanning out with 50%.

Table 7 shows that there is little systematic fanning out or fanning in for pairs on
the hypotenuse (as EURDP predicts) and on the left edge. There is strong fanning
out for pairs on the lower edge (for large gain gambles) and two edge pairs (i.e.,
pairs on the left and lower edge).
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Since fanning in is rarely significant, the theories that predict fanning out
(lottery-dependent EU, weighted EU, and Machina’s hypothesis) are roughly cor-
rect; but the theories that predict fanning in on the left edge (EURDP, prospect
theory) or hypotenuse (prospect theory) are not rejected either.

One can also test fanning out with triples of gamble pairs. The results are too
detailed to report, but they can be summarized briefly. For triples of gamble pairs
on the hypotenuse, EU accounts for 50%, 49%, and 45% of the patterns for large
gains, small gains, and small losses respectively. (If people obey EU unreliably,
EU should account for 65.8% of the patterns.) For triples on edges, EU accounts for
31%, 33%, and 40%; fanning out accounts for 53%, 36%, and 15% (excluding pat-
terns consistent with EU); and fanning in accounts for 7%, 14%, and 29%. Fanning
out accounts for EU violations fairly well for gain gambles, while fanning in ac-
counts for loss gambles.

4.3. Other evidence

Fanning out has been tested in several other ways. Much of the evidence comes
from two well-known kinds of problems, involving common ratios and common
consequences.

Common-ratio problems usually involve two gamble pairs, such as (rp,Xy;
1 =m0) vs. (p,X1;1 — p,0) and (rpq,Xy;1 — rpqg.0) vs. (pq.Xi;1 — pq,0). The pro-
babilities of the prizes Xj; and X; have a common ratio, because p/rp is the same as
pq/rpgq. (In our gamble pairs, a common ratio problem would compare the choice
between the less risky pair 5 gamble and the more risky pair 8 gamble with the
choice in gamble pair 12.) People often choose (p,X; ;1 — p,0) from the first pair (es-
pecially when p = 1) and choose (rpq.Xy;1 — rpg,0) from the second pair, which
violates EUL

MacCrimmon and Larsson (1979) found extremely high rates of EU violation
(up to 70%) in common-ratio problems. The violations were largest when p = 1
and ¢ was small, and when payoffs were large. Battalio, Kagel, and Komain (1988,
tables 5-6) also found many common-ratio violations, most of which could be ex-
plained by fanning out. Starmer and Sugden (1987a) controlled for regret effects
resulting from statistical correlation of lotteries and still observed common-ratio
effects for gain gambles. The violations in their 1987b paper were strongest when
p = .6 and ¢ = Y%, which suggests the certainty effect when p = 1 is not the main
force behind violations. They also found some fanning in on the left edge, and
found weak effects for loss gambles (in both 1987a,b).

Our comparisons of gamble pairs are examples of common-consequence prob-
lems: the gambles in pair 1 are the same as the gambles in pair 2 (for example), ex-
cept for a change in the consequence which is common to them. The fanning out
and fanning in we observe are violations of EU in a broad class of common-
consequence problems. MacCrimmon (1965), Moskowitz (1974), Slovic and
Tversky (1974), and Kahneman and Tversky (1979) found EU violations in
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roughly a third of their common-consequence problems. MacCrimmon and
Larsson (1979) found, as we did, that the largest number of violations occurred in
gamble pairs that were far apart on the lower edge of the triangle, for large payoffs.
Starmer and Sugden’s (1987b) common-consequence problems showed a lot of
EU violations, but were not especially supportive of any alternative theory.

The pattern of fanning out we see in table 7 is roughly the same as that observed
in other recent studies. Using mostly common-ratio problems with small gains
and losses, Starmer and Sugden (1987b) found fanning out on the lower edge (es-
pecially their pairs 2-3, 5-6, 7-8) and some fanning in on the left edge (their pairs
11-12) as suggested by prospect theory or EURDP. However, the patterns of fan-
ning out were quite different when probabilities were fixed and outcomes were
varied (as when one looks at the same part of the triangle in figures 9-11); this is
more evidence of a dependence of probability weights on payoffs that EURDP
and prospect theory do not capture (Starmer and Sugden, 1987¢).

Battalio, Kagel, and Komain (1988) also found fanning out on the lower edge for
losses (their figure Sa) and for gains (their table 8, gambles 9 and 14). However,
they observed a lot of fanning in toward the northwest corner for gain gambles
(their table 8), as prospect theory and EURDP suggest.

Chew and Waller (1986) used hypothetical three-gamble pairs with a common
consequence—one ¢ach from the left edge, the lower edge, and the lower left-hand
corner—and a fourth pair anchored in the lower left-hand corner, to test the fan-
ning out and betweenness properties of weighted EU. Since they used four gam-
bles, there were sixteen possible choice patterns. Only the light hypothesis of
weighted EU, which predicts fanning out, accounts for more choices per prediction
than EU does, but fanning out and prospect theory do fairly well.”

Harless (1988) used common-consequence pairs that were slightly inside the
edges of the triangle. His results are quite different from ours: he found some fan-
ning out on the left edge, fanning in on the lower edge, and few systematic effects
on the hypotenuse. His data are rather consistent with EURDP with a risk-
preferring (convex) g(p) function. Moving gambles slightly in from the edges seems
to be an important change that deserves further attention.

5. Conclusions

People often violate EU; our data are no exception. In our study, the violations
were typically not random and were not affected by financial incentives.

The important empirical question is whether any theory that generalizes EU
can explain the violations. The results of our test and other recent tests are
decidedly mixed: Each theory can account for some of the violations, but not
all.

Indifference curves seem to fan out in most portions of the triangle diagrams,
and fan in some portions; the fanning-out hypothesis is sometimes violated.
Lottery-dependent EU predicts uniform fanning out and concavity of indifference
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curves (or fanning in and convexity), but there is some of each in each triangle (as
prospect theory predicts). Weighted utility can account for the degree to which fan-
ning out varies with payoffs (which EURDP and prospect theory cannot explain),
but not the extensive betweenness violations. Finally, the reflection of indifference
curves between gain and loss gambles suggests that subjects value changes in
wealth, as prospect theory assumes, rather than wealth.

The results of several other recent studies corroborate most of these findings, but
not all of them. In all studies there are substantial violations of EU, but no single
theory can explain the patterns of violations.

Of course, one can always improve descriptive power by combining parts of
theories into hybrid theories. For instance, combining the payoff-dependent
weights in weighted EU with the concavity of indifference curves in EURDP
(Chew and Epstein, 1987a) produces a theory that can account for betweenness
violations and fanning out. Letting decision weights in prospect theory depend on
payoffs (cf. Luce and Narens, 1985; Hogarth and Einhorn, 1987) produces a
similar theory. Generalizing theories this way is tempting, but possibly un-
productive. Such theories will still be unable to explain all classes of violations,
and will be cumbersome to use in generating economic theory and aiding decision
makers. The simplicity of EU and fanning out are appealing in comparison.

Perhaps a more useful activity is to list known violations of EU like those shown
here and ask what general psychological principles might account for these
phenomena (without too much initial regard for their axiomatic foundations).
Such a list will be long and depressing. This study provides evidence of payoff-
dependent fanning out, both concavity and convexity of indifference curves (thus
violating betweenness), framing, and reflection effects. Harless’s (1988) observa-
tion that gamble pairs slightly inside the triangle edges yield patterns of choice
quite different from pairs on the edges is an important puzzle. There are many
other violations like preference reversals, framing and response mode effects,
regret effects, and ambiguity aversion.

It is also useful to work out the implications of generalized utility theories for
settings in which EU is used in some descriptive or prescriptive way, such as con-
sumer behavior (Thaler, 1985), game theory (Crawford, in press), insurance, asset
pricing (Chew and Epstein, 1987b), decision analysis, and risk management (see
also Weber and Camerer, 1987, pp. 147-148). It might happen that the theories
considered here are so awkward to apply clearly, or that their implications are so
similar to those of EU, that a modest increase in descriptive power is too high a
price to pay.
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Notes

1. Other interesting theories include disappointment (Bell, 1985; Loomes and Sugden, 1986), dual
bilinear utility (Luce and Narens, 1985), lexicographic preferences (e.g., Encarnacion, 1987), and
similarity-based preferences (Rubinstein, 1986). We have not explored the predictions of these theories
in this experiment. Psychologists have also studied theories in which preferences are determined by the
statistical moments of gambles (see Payne, 1972). These theories cannot account for choices observed
in figures 10-11 because when the mean of two gambles is the same, gambles with lower variance,
kurtosis, etc. are sometimes chosen and sometimes rejected. Another class of theories suggests that peo-
ple weight the dimensions of risk (usually probabilities and outcomes) linearly to determine prefer-
ence. These theories cannot account for our data either, but enough puzzles remain that information-
processing-based theories like these deserve renewed attention.

2. An alternative is to elicit subjects’ indifference curves, using lottery equivalents (McCord and
deNeufville, 1986), or to establish tight bounds on indifference curves from pairwise choices (cf. Mac-
Crimmon and Toda, 1969). A pilot experiment suggested that the latter method is feasible, but it ap-
pears less efficient and more prone to elicitation bias (e.g., Hershey, Kunreuther, and Schoemaker,
1982) than the method used here. (Hey and Strazzera, 1988, have tried eliciting curves.)

3. MacCrimmon and Larsson (1979) found that out of 20 decision rules, transitivity was the rule sub-
jects agreed with most strongly (a mean rating of 8.8 on an 11-point scale). Comparability ranked
seventh highest (mean rating 6.9) and the common-consequence property of independence ranked
lowest (mean rating 5.0).

4. Positive affine transformation yields equivalent representations because the constants a and b
subtract out and divide out, respectively, from equation (1). Put differently, the origin and scale of the
utility function can be arbitrarily defined.

5. Weber showed that the weighted utility of a gamble is equivalent to the expected utility of a mod-
ified gamble in which the outcome X, once it occurs, is only received with probability W(X) (otherwise
the gamble G is received). In an equivalent modified gamble, the outcome X; is first imagined with
probability W(X))/Z_ | W(X,). If it is imagined, X; actually occurs with probability p(X;) (otherwise the
gamble G occurs). In the latter interpretation, the number W(X;)/Z}_; W(X;) might represent the frac-
tion of psychological scenarios in which the possibility of X; occurs.

6. The gambles used later yield zero or either of two nonzero outcomes, with respective probabilities
PLPu» and py (for positive nonzero outcomes). The less risky gamble, call it S. is usually the risky gam-
ble, call it R, with probabilities p; + .1, pyg — .2, and py; + .1. The realizations of gambles correspond to
consequences of acts in a state framework (cf. Savage, 1954):

State 1 2 3 4 5
Probability PH 1 py—2 1 L
R consequence Xy Xy XM 0 0
S consequence Xy Xu Xm XM 0

Notice that the gambles R and S only have different consequences in two states, which both have objec-
tive probability .1. Since ¢(X,.X) = 0, R is preferred to S iff .10(Xy, X)) + .19(0,Xyp) > 0. Regret theory
predicts that preference for R over S must be fixed as the three probabilities p; , pyg, and py vary, while
other generalized theories allow changes in preference.
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7. Tt is not clear whether these properties hold in general. Sarin (private communication) indicated
that similar properties were found to hold in numerical simulations, but proofs of general properties
are not known.

8. If we increase both p;_and py by small amounts, the 1 — p; — py terms in (12) unambiguously de-
crease. The term ¢ will change by relatively little, because it is lowered by an increase in p; and raised
by an increase in py. The direction of change in dpy/dp; will therefore be determined by the decrease
inl-pL—py

9. The picture of a hypothetical weighting function in Kahneman and Tversky (1979) is remarkably
like that derived empirically by Preston and Baratta (1948, figure 1).

10. The curves in figure 6 were calculated assuming U(Xy) = (U(Xy) + U(X1))/2 and approximating
n(p) by the quadratic function n(p) = .069 + 244p + .63p2 for 0 < p < 1 and n(1) = 1,1(0) = 0. That func-
tion was calculated by fitting a quadratic function to three points that were visually estimated from the
hypothetical n(p) graph in Kahneman and Tversky (1979). Of course, figure 6 is merely illustrative; the
general properties of prospect theory that we test are those embodied in dpy/dp; in equation (20).

11. Yaari (1987) and some others work with the decumulative distribution function 1 — F(x). In that
case, risk aversion (or preference) corresponds to convexity (concavity) of g(g), the opposite of the form
used in this paper.

12. For instance, Moskowitz (1974) and Keller (1985) found that matrix representations like those
used here (without proportional representation of payoff sizes) led to fewer violations of EU than writ-
ten statements or other formats. Harless (1988) found that providing subjects with expected values and
variances did not affect choices.

13. The author was introduced toward the end of the first day of classes, during which some class
time goes unused by tradition. He read the instructions aloud and answered questions, and then sub-
jects made chocies silently. The questionnaires took 5-25 minutes to complete. Some common ques-
tions (and responses) were: How much do we pay for these lottery tickets? (Nothing; assume they were
gifts, or punishments if the outcomes are losses, and you must choose one or the other.) Is this part of
your research? What are you trying to test? (Yes. We are interested in how people make choices involv-
ing uncertain outcomes.)

14. The experimenter brought around two boxes containing tickets. The first box contained 100 tic-
kets, with 25 of each numbered 1, 2, 3, 4. The subjects each drew a ticket, which determined one of the
four gamble pairs. They then played the gamble they preferred in the chosen pair by choosing a ticket
from a second box, containing 100 tickets numbered 1 through 100. That ticket determined the payoff
for the gamble they preferred, in the pair that was determined by the first ticket. Subjects recorded their
ticket numbers, showed them to an experimenter, and were paid.

15. To maintain credibility in the procedure through most of the experiment, the classes in which
subjects were allowed to change their minds were the last two of the seven classes.

16. Indifference judgments were only allowed in one class. Three subjects said they were indifferent
in almost every gamble pair and no others indicated any indifference. Battalio, Kagel, and Komain
(1987) and Harless (1988) found few indifference judgments. Subjects may falsely report indifference in
order to finish the task quickly, or fail to report true indifference (if they are allowed to) because they
think experimenters do not want them to. Furthermore, playing chosen gambles is tricky if indifference
is allowed. If you flip a coin to determine which of two indifferent gambles is played, you are implicitly
assuming that preferences satisfy betweenness. (If preferences do not satisfy betweenness, subjects may
misleadingly state, or fail to state, indifference because of preference or aversion to probability
mixtures.)

17. When there was a gap of 0-3 pairs between presentations, there were 24.1% reversals (n = 112);a
4-7 pair gap had 33.1% reversals (n = 121); an 8-11 pair gap had 36.2% reversals (n = 115).

18. This amount of reversal (two of 80) is quite low in comparison to the one third of subjects who
reversed preferences on identical gambles. Conscious reversals are apparently much rarer than uncon-
scious reversals.

19. These data exclude 39 subjects who chose equal numbers of more and less risky choices, for
either gain or loss gambles.
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20. Data from all three payment conditions were pooled. Choices among loss gambles were pooled
too, despite the differences between subjects who played a loss gamble and those who did not (table 3),
because the magnitude of differences was quite small. None of the conclusions we draw are reversed if
the data from the subjects who actually played a loss gamble are excluded.

21. However, if all subjects have identical indifference curves but make random errors in choices,
steeper thick lines will be an indication of steeper individual indifference curves.

22. The sample sizes are between 100 and 130 for most gamble pairs (60-65 for pairs 13 and 14). so
the standard errors of the fractions of less risky choice are about .04. The standard error of the difference
of two independent fractions is about .06 (.04 times the square root of 2), so a difference of .10 is almost
two standard errors.

23. The chi-squared statistics are 200, 106, and 76 for the three figures, respectively (p < .001 for
all).

24. This violation of prospect theory can be accommodated by assuming that a .1 probability of X is
overweighted but a .1 probability of X is underweighted.

25. Their subjects gave the same response about 4.5 times, on average, in five identical replications of
each gamble. Assuming responses are independent and using the binomial distribution, we can es-
timate that the unreliability probability that generates an expected value of 4.5 identical responses is
about 10%. The probability of a random violation of betweenness in responses to three gambles is then
1~ (9X.9), or 19%.

26. In our jargon, the more~less pattern is consistent with portfolio theory because the riskier gamble
B in the first pair can be preferred to the less risky gamble 4 (because 4 is not risky enough), while B is
also preferred to the more risky gamble C in the second pair (because C is too risky). By the opposite
logic, the less-more pattern is not consistent with portfolio theory; but most betweenness violations are
less-more choices.

27. The number of patterns predicted by each theory and the total fraction of choices explained per
predicted pattern were: EU (2, 13.4%); weighted EU (light hypothesis, 4, 14.7%; heavy hypothesis, 4,
8.6%); implicit EU (8, 9.2%); fanning out (6. 11.8%); lottery-dependent EU (14, 7%; see Becker and Sarin,
1987); and prospect theory (6, 10.3%). Further details are available from the author.

Appendix: Experimental materials (played gain condition)

This is an experiment about lotteries with uncertain payoffs. You will be given a
series of choices between two lotteries. For each pair of lotteries, you should indi-
cate which of the two lotteries you prefer to play. You will actually get the chance to
play one of the lotteries you chose, so you should think carefully about which lot-
teries you prefer.

Here is a pair of lotteries like the ones you will see: [Figure A. 1 is showing]

The outcomes of the lotteries will be determined by a random number between
01 and 100. Each number between (and including) 01 and 100 is equally likely to
occur. In the example above, the left lottery, labeled 4, pays nothing (0) if the ran-
dom number is between 01 and 40. Lottery A pays five dollars ($5) if the random
number is between 41 and 100. Notice that the picture is drawn so that the height of
the line between 01 and 40 is 40% of the distance from 01 to 100. The rectangle
around $5 is 60% of the distance from 01 to 100.

In the example above, the lottery on the right, labeled B, pays nothing (0) if the
random number is between 01 and 50, five dollars ($5) if the random number is be-
tween 51 and 90, and ten dollars ($10) if the random number is between 91 and 100.
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100 100
| $ 10
91
90
$ 5 $5
51
30
4]
40
0 0
01 01
A B

Fig. A.1. Gamble pair 9 as presented to subjects.

As with lottery A, the heights of the lines in lottery B represent the fraction of the
possible numbers that yield each payoff. For example, the height of the $10 rec-
tangle is 10% of the way from 01 to 100. The widths of the rectangles are propor-
tional to the size of their payoffs. In lottery B, for example, the $10 rectangle is
twice as wide as the $5 rectangle.

Some of the lotteries involve large payoffs (510,000 or $25,000), some involve
smaller payoffs ($5 or $10), and some involve losses (—$5 or —$10). The founda-
tion that is sponsoring this research cannot afford to pay the largest payoffs, but
you will get to play one of the lotteries with smaller payoffs.

Each pair of lotteries is on a separate page. On each page, you should indicate
which of the lotteries you prefer to play by circling either A, if you prefer the A lot-
tery, or B, if you prefer the B lottery. You should approach each pair of lotteries as
if it is the only pair of lotteries you are considering, because you are only going to
play one of the many lotteries.

After you have worked through all the pairs of lotteries, raise your hand and an
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experimenter will bring you two containers of cardboard tickets. You will select
one ticket from each of the two containers. One container has 100 tickets num-
bered 1 through 4 (25 numbered 1, 25 numbered 2, etc.); the other container has
100 tickets number 01 through 100. (If you wish, you may examine the whole con-
tainers of tickets after the experiment.)

The first ticket determines which pair of lotteries has been chosen. Some of the
pages you have are numbered 1 through 4 in the upper right hand corners; the first
ticket you choose determines which of those pages you will play. If the first ticket
you chose is numbered 3, for example, then you will play whichever lottery you
picked on page number 3.

The second ticket is the random number which determines the outcome of the
lottery you chose, on the page determined by the first ticket. For instance, suppose
you picked the A lottery on the first page of these instructions. If the random num-
ber was 37, you would win nothing; if it was 93, you would get $5. If you picked the
B lottery and drew the number 37, you would get nothing; if it was 93, you would
get $10.

Therefore, your payoft is determined by three things: by which page is chosen,
as determined by the first ticket you chose; by which lottery you picked on that
page; and by the outcome of that lottery. This procedure is explained again on the
last page.

This is not a test of whether you can pick the best lottery in each pair, because
none of the lotteries are necessarily better than the others. Which lotteries you pre-
fer is a matter of personal taste. The people next to you will have different lotteries,
and may have different tastes, so their responses should not matter to you. Please
work silently, and make your choices by thinking carefully about each lottery. Any
changes or erasures will make you ineligible for a payoff.

After you have chosen one lottery on each page, raise your hand and the ex-
perimenters will come around with the containers of tickets. After you have chosen
your tickets and determined your payoff, sign the receipt on the last page, give your
questionnaire to one of the experimenters, and you will be given your payoff in
cash. Then you are free to leave. Feel free to ask questions now, or during the
experiment,

You have now finished making choices.. Follow the instructions below in
numerical order.

[last pages]

1) Please check to be sure that you have made one choice (by circling either A or
B) on each page.

2) Raise your hand. The experimenters will bring the two containers of tickets.

3) Draw one ticket from each container, then write their numbers below.
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First ticket
(1 through 4):

Second ticket
(01 through 100);

4) Turn back to
the page with this 4 number in the corner.

5) For the lottery you chose, write the payoff for this/ number
here:

This | is your payoff for the experiment.
6) Sign the receipt below and bring this questionnaire to an experimenter. He will
give you your payoff, or collect it from you if it is negative. Be sure to return
your tickets to the experimenter.

Name Received
Social Security No. Date
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