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Tests of “Fanning Out”’ of Indifference Curves:
Results from Animal and Human Experiments

By Joun H. KaGeL, DoN N. MAacDONALD, AND RAYMOND C. BATTALIO*

In an earlier paper (Raymond C. Bat-
talio, John H. Kagel, and Don N. Mac
Donald, 1985), we reported Allais-type
violations of the independence axiom of ex-
pected utility theory with rats choosing over
positively valued payoffs (food rewards).
This note extends this research, examining
animals’ choices over losses, testing for (1)
standard Allais-type common ratio effect vi-
olations of expected utility theory and (2)
fanning out of indifference curves for ran-

Allais-type common ratio effects and a
number of other systematic violations of
expected utility theory. Common ratio effect
violations of expected utility theory include
the “certainty effect” of Daniel Kahneman
and Amos Tversky (1979) and the “Bergen
Paradox” of Ole Hagen (1979), as special
cases. Allais-type common ratio violations
involve rankings over pairs of prospects of
the form:

dom prospects, tests of Mark J. Machina’s Example 1
(1982, 1987) hypothesis II (hereafter H2),
over previously unexplored areas of the unit A: x, with probability p

probability triangle. Results from a parallel

x; with probability 1— p

series of experiments using human subjects B: x, with probability g
choosing over real losses are also reported. x; with probability 1 - ¢
For both rats and people, we find standard

Allais-type violations of expected utility the- Example 2

ory and a systematic failure of the fanning

out hypothesis in the southeast corner of C: x, with probability rp
the unit probability triangle, in the case of x3 with probability 1 —rp
losses. Thus, the fanning out hypothesis D: x,; with probability rq

(Machina 1982, 1987) cannot provide a sat-
isfactory explanation for behavioral devia-
tions from expected utility theory.

I. Allais-Type Common Ratio Effects and
New Tests of Fanning Out

A key element of all descriptive alterna-
tives to expected utility theory is to explain
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x3 with probability 1—rq

where p>q,0>x;>x,>x,and0<r<1
(the term “common ratio” derives from the
equality of prob(x,)/prob(x,) in A vs. B
and C vs. D). An expected utility maximizer
would prefer either A and C Gf plu(x,)—
u(x3)1> glu(x,)— u(x,)D), or else B and D
(if the opposite were true). However, using
primarily hypothetical choice alternatives,
researchers find a systematic tendency for
subjects to prefer B and C when the out-
comes involve losses (Kahneman and Tver-
sky, 1979; Kenneth R. MacCrimmon and
Stig Larson, 1979; and the references cited
in Machina, 1983).

Machina (1982, 1987) identifies three sys-
tematic violations of the independence ax-
iom in addition to the common ratio effect
and shows that all four follow from a single
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assumption, H2.! More recently, Zvi Safra,
Uzi Segal, and Avia Spivak (1988) have used
H2 to explain the preference reversal phe-
nomena (Sarah Lichtenstein and Paul Slovic,
1971; David W. Grether and Charles R.
Plott, 1979; Machina, 1987). H2 states that
in moving from one probability distribution
to another, which (first order) stochastically
dominates it, the local (linear in the proba-
bilities) utility function retains the same de-
gree of concavity, or becomes more concave
at each point. In other words, preferences
tend to vary systematically so that a first-
order stochastic dominating shift in wealth
(i.e., a nonnegative random addition to
wealth) results in the same or more risk
averse choices.

In terms of the unit probability triangle,
this yields indifference curves that are paral-
lel (as expected utility theory predicts) or
that fan out relative to the origin. Figure 1
illustrates how fanning out can explain a
typical Allais-type common ratio effect over
losses. The set of all prospects over the
fixed outcome levels 0> x;> x, > x, can
be represented by the set of all proba-
bility triples of the form P =(p,,p,,p;)
where p, = prob(x;) and 3.p; = 1. Since p, =
1—- p, — p;, we can represent these lotteries
by points in the unit triangle in the (p,, p,)
plane. Figure 1 illustrates this for examples
1 and 2 above when p=1.0, g =0.75, and
r=1/3, (so that prospect A is represented
by (p,, p3)=1(0,0), prospect B is repre-
sented by (p,, p3) = (0.75,0.25), etc.).
Prospects C and D stochastically dominate
A and B, as they are derived from A and B
by reducing the probability of x, and x, by
a common proportion, 0 <r <1, and adding
the displaced probability mass to x5 in both
cases.

In Figure 1, the dashed lines represent
linear combinations of the prospects chosen
over. Solid lines are indifference curves over
the random prospects. Since, in expected

"These involve (1) the common consequence effect,
the most famous specific example of which is the so
called “Allais Paradox,” (2) over sensitivity to changes
in small probability-outlying events, and (3) the utility
evaluation effect (see Machina, 1982, 1987).
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Ficure 1. Prospects EMPLOYED IN TESTS OF
FANNING Out. DasHED LINEs CONNECT
ProspEcTs’ SuBiEcTs CHOSE BETWEEN.

STRAIGHT LINEs ARE INDIFFERENCE CURVES

THAT DispLAY “FANNING OUT.” PROSPECTS
CoRRESPOND TO THOSE SPECIFIED IN THE TEXT
AND TABLE 1

utility theory, the individual’s indifference
curves in the unit probability triangle are
given by solutions to the linear equation

U=3u(x)p,
=u(x)p;+u(x)(1— p,—p3)
+ u( x3) p; = constant,

they will consist of parallel straight lines
with slope [u(x,)— u(x)]/[u(x3)— u(x,)],
with more preferred curves lying to the
northwest. Since, by construction, the
dashed lines are parallel, the parallel linear
indifference curves of expected utility the-
ory require preference for prospects A and
C or B and D. However, indifference curves
that “fan out” relative to the origin can, as
shown in Figure 1, explain the preference
for prospects B and C.

Fanning out of indifference curves in the
unit probability triangle corresponds to the
“light hypothesis” of weighted utility theory
(Soo Hong Chew and Kenneth R. Mac-
Crimmon, 1979) and is a characteristic of
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TaBLE 1 —TREATMENT CONDITIONS FOR LOSSES: ANIMALS

Condition Prospects

1 A: 5 sec delay, prob. 1.0 or B: 13 sec delay, prob. 3/4
5.0) 1 sec delay, prob. 1/4

(10.0)
2 C: S sec delay, prob. 1/3 or D: 13 sec delay, prob. 1/4
1 sec delay, prob. 2/3 1 sec delay, prob. 3 /4

(2.34) 4.0
3 E: 13 sec delay, prob. 1/2 or F: 13 sec delay, prob. 7/8
5 sec delay, prob. 1/2 1 sec delay, prob. 1/8

9.0) (11.5)
4 G: 13 sec delay, prob. 1.0 or F: 13 sec delay, prob. 7/8

13.0

1 sec delay, prob. 1/8
11.5)

Sequencing of Conditions: 1,2,1,3,1,3,1,4

several other generalizations of expected
utility theory as well (see Machina, 1983). In
the case of losses, the obvious question is
whether choices over pairs of prospects that
are dominated by A and B, prospects, which
lie in the southeast corner of the unit prob-
ability triangle and are parallel to A and B,
such as E and F in Figure 1, satisfy the
requirements of fanning out (preference for
F on the part of those choosing B and O).

II. Experiment 1: Rats’ Choices Over Losses

We define losses generically as any out-
come for which less is better. In our experi-
ments, the random variable was the time
delay to reinforcement. Given the relatively
steep temporal discount functions that rats
have, time delay is a potent reinforcer,
where it is well established that less is bet-
ter (see Leonard Green, 1982, and Kagel
and Green, 1987, for reviews of experiments
most relevant to economists).

Historically, psychologists have studied
choices between constant and variable de-
lays to reinforcement, finding strong prefer-
ence for the variable outcome alternative
(risk loving), given equal average delays to
reinforcement (Peter Killeen, 1968; see
James E. Mazur, 1986, for a review of this
literature). In these experiments, there are

Risk loving over losses here appears to be charac-
teristic of a general preference for variable as com-
pared to certain losses, consistent with predictions

no auxiliary decisions to be made between
the choice point and the time that all uncer-
tainty is resolved. This is important, since it
is well established that in choosing over
risky prospects whose resolution is not im-
mediate, and where auxiliary decisions are
required prior to the resolution of the un-
certainty, the independence axiom of ex-
pected utility theory will not generally hold
(Harry M. Markowitz, 1959, ch. 11; Jan
Mossin, 1969).

Table 1 shows the variable outcome alter-
natives the rats chose between. Each out-
come provided 0.1cc of water at the end of
the delay period. Mean time delay to rein-
forcement is shown under each pair of
prospects. Conditions 1 and 2 involve stan-
dard Allais-type common ratio manipula-
tions as prospects C and D stochastically
dominate A and B. Condition 3 checks for
fanning out in the southeast corner of the
unit probability triangle as prospects A and
B stochastically dominate E and F and the
dashed lines connecting the two sets of
prospects are parallel. Prospects E and F
are derived from A and B by multiplying

from prospect theory (Kahneman and Tversky, 1979).
See Kagel et al. (1988, experiment 1), where we test
this prediction by examining rats’ preferences over
variable versus certain shock with the same mean. The
rats prefer the variable shock. Note that unlike humans
choosing over monetary losses, there is no opportunity
for “asset integration” over these choices, with its
implication for inducing risk aversion.
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the 5 and 1 sec delay probabilities by 0.5
and adding the displaced probability to the
13 sec delay probability in both cases. Con-
dition 4 is a control condition that tests for
the rats’ sensitivity to low probability out-
come events, since it is generally assumed
that the decision maker knows the relevant
probabilities of the different payoffs. Payoff
frequencies of 1/8 may be sufficiently low
that the rats are not cognizant of them.
Condition 4 tests for this. Figure 1 shows
these prospects in terms of the unit proba-
bility triangle.

A discrete trials choice procedure was
employed where the rats chose between a
single pair of prospects at a time. Choices
were recorded and payoffs delivered in re-
sponse to a single press on one of two
choice levers. Each choice trial lasted 39
sec, irrespective of the alternative chosen or
the length of the delay to reinforcement.
This established a minimum of a 20 sec
blackout period between choice trials (a
maximum delay to reinforcement of 13 sec,
with 6 sec to consume the water). Given the
steep time discount rates the rats have, these
20 sec blackout periods create relatively
strong independence between trials.

Each experimental session began with 32
forced choice trials where only one lever
was operative, followed by 48 free choice
trials when both levers were operative. The
forced choice trials served to familiarize
subjects with the alternatives. During these
trials, the empirical distribution function was
forced to match the programmed distribu-
tion function over each prospect’s trial set.*
Free choice trials served to measure prefer-
ences. The random number generator was
given free reign during these trials, so that
the probability of obtaining a given outcome
on any trial was independent of outcomes
on other trials.

Experimental sessions were conducted
once a day, 7 days a week, at approximately
the same time each day. Each experimental

3Sequences of choices across levers and outcomes
were fixed; however, the start point was determined
randomly on a daily basis. Details of experimental
procedures are reported in Kagel et al., 1988, experi-
ment 2.
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condition lasted 38 days, divided into two
19-day, periods. The levers delivering the
certain and variable delay alternatives re-
mained constant within each 19-day period,
but they were switched between the two
19-day periods. Switching alternatives across
levers and averaging choices controls for
lever bias, which may be severe at times for
rats. Preferences were measured in terms of
choices of the certain alternative during the
free choice trials for the last 5 days of each
19-day period and averaged across side
switches.

Table 2 shows average percentage of free
choice trials allocated to the more certain
alternative under each condition. A choice
frequency of 50 percent indicates that the
rats chose the more certain alternative half
the time, averaged across side switches, and
is interpreted as indifference.

Under baseline pair 1 choices, the rats
generally preferred the more variable (B)
alternative. On average, the rats chose the
A alternative on 38.9 percent of the trials
(t=—-2.68, p <0.05, 2-tailed t-test). Using
choice frequencies to measure intensity of
preference, six of the eight subjects had
relatively strong preference for the B alter-
native, the two exceptions being subjects
612 and 622. Given the strong preference
for variable over fixed delay probabilities
reported in the psychology literature, the
preference for the B alternative here is not
surprising, even though the average delay to
reinforcement was twice that of the certain
delay probability. Further, a necessary con-
dition for generating Allais-type common
ratio effect violations of expected utility the-
ory, similar to those reported with human
subjects, is to establish preference for the
variable alternative under the high probabil-
ity loss condition. The parameter values em-
ployed were designed to achieve this.

Under pair 2 choices, mean percentage
choice for the more certain alternative, C,
was 54.5 percent (¢ =1.63). As indicated by
the individual subject r-statistics, five rats
were indifferent between C and D, and three
had a clear preference for the C alternative.
Upon return to pair 1 choices, mean per-
centage choice for the A alternative fell to
44.8 percent (t=-2.01, p<0.10, 2-tailed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



916

THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1990
TABLE 2—CHoICES OVER LossEs: ANIMAL SUBJECTS
Percentage Choice of More Certain Alternative
(Absolute Value of t-Statistics in Parentheses)
Standard Test of Test of Sensitivity
Baseline Allais Baseline H2 Baseline H2 Baseline Test
Subj. ) ) ) ) ®w @ )
611 21.7 723 38.9 646 400 644 483 31.5
(726° (6.18)° (3.58)° (3.40)° (5.18)° (9.30)® (0.60)  (5.56)°
612 50.0 50.2 55.6 498 492 498 494 27.7
0.0) 0.149)  (330)* (054 (1.000 (028 (134 (10.2)°
613 44.6 49.6 50.4 677 490 590 460 315
(1.94) (0.18) (0.16) (145° (034 (492 (2.12) (5.04)°
614 20.6 48.1 325 446 475 600 446 26.9
(150 (0790 (5000 (1.68) (1.22) (3200 (3.36)°  (6.02)°
621 45.0 51.7 442 638 502 617 494 413
(320)* (052 (3.36)° (8.90)° (0.08) (3.82)® (0.20) (4.56)°
622 49.8 52.7 50.4 68.1 496 610 529 16.7
(0449  (439° (022) (162 (0.58) (4.04)° (226) (16.6)°
623 36.9 58.3 419 513 475 579 463 40.6
116° (113° (106° (214 (214) (102 (350" (@11.4)°
624 423 53.1 4.6 546 456 758 - -
(270* (142) (3749° (292° (1.66) (7.56)°  — -
AV. 389 545 448 581 473 612 481 30.9
(268 (1.63) (201 (2527 (231 (4.35° (1.81) (5.97)°

*Significantly different from 50 percent at the 5 percent significance level, 2-Tailed

t-Test.

l’Signiﬁcamtly different from 50 percent at the 1 percent significance level, 2-Tailed

t-Test.

t-test). Six of the eight rats were under clear
control of the contingencies as their choice
frequencies decreased back toward their
original levels, the two exceptions being rats
612 and 613. Thus, six of the eight subjects
and the aggregate choice data show stan-
dard Allais-type violations of expected util-
ity theory.

Tests of H2 in the southeast corner of the
unit probability triangle show that it fails to
hold. Rather, fanning in characterizes the
data here. Under the initial implementation
of condition 3, average choice of the more
certain (E) alternative jumped to 58.1 per-
cent (t=252, p<0.05 2-tailed t-test).
Equally as important, with the return to
pair 1 choices, mean percentage choice of
the certain alternative, A, fell to 47.3 per-
cent (t=—-231, p<0.05, 2-tailed t-test).
Choice was under reversible control, with a
pattern of fanning in for six of the eight
rats, 611, 613, and 621-624. The two re-
maining rats, 612 and 614, were unrespon-
sive to the changes in experimental condi-
tions, rather than displaying any hint of

fanning out. A second implementation of
condition 3 confirmed and strengthened
these results, as subject 614 now showed
clear fanning in, as well.*

The results of the sensitivity test are
shown in the last column of Table 2. On
average, the rats chose the more certain,
dominated alternative (G) 30.9 percent of
the time, well below the 50 percent mark.
All the rats were responsive to the 1/8
chance of a 1 sec delay probability, as the
mean choice of the dominated alternative
was below 50 percent in all cases, and one
can reject indifference between prospects
for all subjects at the 1 percent significance
level or better, including rat 612, who was
largely unresponsive to the other experi-
mental manipulations. These results show
the rats to be sensitive to delay probabilities

*MacDonald, Kagel, and Battalio (1989) report
comparable failures of fanning out for rats over gains
(food rewards) in previously unexplored areas of the
unit probability triangle (the northwest corner, in this
case).
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as small as 1/8. Hence, we cannot attribute
the failure of H2 here to any inherent in-
ability to recognize such low probability out-
come events.

III. Experiment 2: Humans’ Choices
Over Losses

Studies of human choices over losses in-
volved responses to a series of questions
requiring subjects to indicate which of two
gambles they preferred. All questions were
of the following form:

Example 3

A: Losing $14 if 1-100
B: Losing $20 if 1-70
Losing $0 if 71-100
Answer: (1) I prefer A. (2) I prefer B. (3)
Indifference

The numbers following each dollar amount
referred to 100 numbered poker chips in a
bowl sitting in front of the room, one of
which would be drawn to determine payoffs.
Thus, if a subject chose A, he or she would
lose $14 with certainty as any numbered
poker chip drawn gave this result. If, how-
ever, the subject chose B, and a chip num-
bered 1-70 was drawn, he or she would lose
$20, but if a chip numbered 71-100 was
drawn, the subject would lose $0.

Subjects were paid off on a single ques-
tion, determined at random, through the
draw of a poker chip, after all the questions
were answered. They then drew a poker
chip from the bowl of 100 chips to deter-
mine the actual payoff for that question.
Immediately prior to answering these ques-
tions, subjects answered three hypothetical
questions and went through the two-stage
chip drawing procedure, to ensure their un-
derstanding of the payoff process. Subjects
were given $30 cash balances against which
to cover the possibility of losses. Payoffs
were set so that all subjects would walk
away with positive net earnings.’

5See Battalio, Kagel, and Jiranyakul (in press) for
details of the experimental procedures employed.
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Paying off subjects on a single question
eliminates wealth effects from directly dis-
torting preferences. However, papers by
Charles Holt (1986) and Adi Karni and Zvi
Safra (1987) show conditions under which
answers to questions in a series of ques-
tions, only one of which will result in a
payoff, will not be independent of the set of
questions posed. This criticism applies
to both the Gordon M. Becker, Morris H.
DeGroot, and Jacob Marschak (1964) pro-
cedure for determining certainty equivalent
values of gambles, and to simple elicitation
of preferences over a series of paired alter-
natives, such as employed here. Responses
to each question are independent of the set
of questions posed if the independence ax-
iom of expected utility theory holds, or sub-
jects choose as if each gamble will actually
be selected (as in the “isolation effect” in
prospect theory). To test for independence,
Colin Camerer (1989) has permitted sub-
jects to change their choices once the ques-
tion to be played out had been selected.
Few subjects changed their choices. An-
swers reported here come from two sep-
arate series of questions, with several iden-
tical questions across the two series
producing strong repeat reliability in the
answers (Raymond C. Battalio, John H.
Kagel, and Komain Jiranyakul, in press).
This, too, is consistent with the indepen-
dence assumption, as there were substantial
differences in the other questions included
in the two series. Since the data below show
frequent violations of the independence ax-
iom, we conclude that subjects treated each
gamble separately, either in response to our
urging them to do so or out of a natural
isolation effect of the sort promoting the
absence of asset integration reported in a
number of choice experiments (Kahneman
and Tversky, 1979; Camerer, 1989; Battalio,
Kagel, and Jiranyakul, in press).°

SIn the experiment using rats, subjects were paid off
following each response. However, the payoffs, in terms
of water reinforcement, were independent of the alter-
native chosen. In this case, there were no weaith ef-
fects in the sense that the outcomes of the prospects
had no effect on the physical state of the rats.
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TaBLE 3—CHoiceEs OVER Losses: HUMAN SUBJECTS

Set 1: Allais-Type Common Ratio Changes
A (—$14,1.0) or By(—$20,0.70)
A,(—$14, 0.20) or-B,(- $20, 0.14)

Patterns
Possible Choice Consistent Choice Frequencies
Patterns with Set 1
AA EU 10
BB EU 5
B A Fanning Out 10
A B Fanning In 4

Set 2: New Tests of Fanning Out
2.1 A;(-$20,0.74; —$14, 0.20) or B;(—$20, 0.88)
A4( - $14, 090) or B4( - $20, 063)
22 A4(.—$20,0.60; —$14, .40) or B,(—$20, 0.88)
A 4(—$14, 0.90) or B,(—$20, 0.63)

Patterns
Possible Choice Consistent Choice Frequencies
Patterns® with Set 2.1 Set 2.2
AA EU 7 3
BB EU 11 17
B A Fanning out 1 5
AB Fanning in 15 7

*Stochastically dominated alternatives listed first.

Table 3, set 1, shows one set of Allais-type
common ratio alternatives employed (these
are illustrated in Figure 2). The gambles
employed are shown first, with the first
number in brackets showing the dollar
amount of the loss, followed by its probabil-
ity (as a convention, we omit displaying zero
loss probabilities). Below this are shown in-
dividual subject responses to the questions.
The four possible choice patterns in moving
from higher to lower probability losses are
specified, along with their relationship to
expected utility theory and the fanning out
hypothesis. H2, as specified in Machina
(1982, 1987), is a weak inequality that in-
cludes expected utility theory as a special
case. Consequently, the fanning out hypoth-
esis has power here to the extent that it
organizes deviations from expected utility
theory. It does this nicely, as a little under
half the responses violate expected utility
theory, and of these, 71.4 percent of the
deviations correspond to fanning out rather
than fanning in, far more than one would
expect on the basis of chance factors alone.’

7Fanning out constitutes one of two possible devia-
tions from expected utility theory. A binomial test

Choice sets 2.1 and 2.2. report tests of
fanning out over losses in the southeast
corner of the unit probability triangle (see
Figure 2). In set 2.1, expected utility theory
organizes 52.9 percent of the data com-
pared to 50 percent on the basis of chance
factors alone. Fanning out breaks down
completely here, as fanning in organizes
44.1 percent of the data, well beyond ex-
pectations based on chance factors alone
(p <0.01).

Choice set 2.2 replaces prospect A 5 in set
2.1, with its 6 percent chance to escape
without losses, with prospect A, which
guarantees losses, should it be chosen. The
certainty of losses reduces the attractiveness
of the A alternative, thereby producing
greater conformity with expected utility the-
ory and increasing the frequency of clear
fanning out, although fanning out still fails
to explain a majority of the deviations from
expected utility theory.

statistic comparing observed frequencies with expected
frequencies and a 10 percent significance level is em-
ployed in making these statistical evaluations.
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1.0 Xg> X, > X,
$0 -$14 -$20

FiGURE 2. ProsPECTS EMPLOYED IN TESTS OF
FanninGg Out witH HuMAN SuUBJECTS.
ProspECTs CORRESPOND TO THOSE SPECIFIED IN
TABLE 3

The relatively superior performance of
fanning out in the southeast portion of the
unit probability triangle when the prospects
are located on the edges of the triangle,
compared to the interior, is characteristic of
responses to other loss questions as well
(Battalio, Kagel, and Jiranyakul, in press). It
indicates that certain losses are much less
attractive than uncertain losses with equal
expected value when they provide some
chance of escaping losses completely. Intro-
ducing a chance to escape losses on both
alternatives promotes choice on the basis of
the lowest loss alternative. This produces
fanning out and classic Allais-type com-
mon ratio effects as in choice set 1, but
it can also produce fanning in, as in choice
set 2.1.8

8Battalio, Kagel, and Jiranyakul (in press) report
mirror image responses for tests of fanning out over
gains in the northwest corner of the unit probability
triangle as well: Prospects located on the edges of the
unit probability triangle are much more likely to satisfy
weak fanning out compared to cases where both alter-
natives involve some possibility of zero gains. John
Conlisk (1989) reports similar results as well.
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IV. Summary and Conclusions

Results from two sets of experiments are
reported, testing for fanning out of indif-
ference curves over random prospects in-
volving losses. For both rats and humans,
classic Allais-type violations of expected
utility theory are reported. However, new
tests of fanning out in the southeast corner
of the unit probability triangle show system-
atic fanning in over losses, contrary to
Machina’s (1982, 1987) H2. Lotteries in this
corner of the loss triangle consist of highly
positively skewed distributions over losses
(i.e., most of the probability mass is on the
left of the distribution, toward the maxi-
mum negative value), so that there is a
“long left tail.”

Other tests, over gains, for both human
and animal subjects (Battalio, Kagel, and
Jiranyakul, in press; MacDonald, Kagel, and
Battalio, 1989) show comparable results: Al-
lais-type violations of expected utility theory
for standard manipulations, fanning in in
previously unexplored areas of the unit
probability triangle (in the northwest corner
of the triangle in this case). These are largely
negative results, as we do not offer an alter-
native model to explain the data. There are
models that can do the job, however; in
particular, prospect theory (Kahneman and
Tversky, 1979) can organize these patterns
of behavior (although it does not necessarily
imply them). But more broad-based tests of
these alternative theories show important
deficiencies as well. (See Camerer, 1989;
Battalio, Kagel, and Jiranyakul, in press;
David W. Harless, 1987; and Chris Starmer
and Robert Sugden, 1987, for comprehen-
sive tests of a number of nonexpected utility
models.) Hence, we hesitate to declare a
winner in terms of which theory best orga-
nizes the data. Nevertheless, the results here
are important, given the surprising power of
H2 in organizing a number of established
violations of expected utility theory (Mac-
hina, 1982, 1987) and the preference rever-
sal phenomena (Safra, Segal, and Spivak,
1988). The results also establish some new
stylized facts for theorists to organize in
their efforts to develop alternatives to ex-
pected utility theory as a descriptive model
of choice under uncertainty.
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