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he Regret theory of Loomes and Sugden (1982) predicts choice anomalies implied by other

alternatives to expected utility (e.g., violations of the independence axiom). It also makes
unique and controversial predictions regarding the rational violation of stochastic dominance
and invariance. All these predictions depend critically on assumptions regarding the statistical
independence or dependence of the available alternatives. None of the predictions depend on
the framing or representation of the alternatives. Leland (1994) shows that a model of choice
based on similarity judgments predicts choices implied by Regret theory. In contrast to Regret
theory, however, these predictions depend critically on the way the choices are framed and not
on the dependence or independence of the alternatives. This paper presents experimental results
indicating that the frequencies with which violations of independence, dominance, and invari-
ance occur are, in most cases, insensitive to the statistical dependence or independence of the
alternatives but sensitive to the way the choices are presented. These findings support the hy-
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pothesis that such behaviors arise as a consequence of reliance upon similarity judgments.
(Decision Making; Similarity Judgments; Regret Theory; Choice Theory)

Introduction

Evidence accumulated over the past several decades
shows that individuals systematically violate axioms of
the expected utility hypothesis, even an axiom such as
transitivity, which many view as central to the notion of
coherent, rational choice. Individual choices also vary
systematically as a result of seemingly inconsequential
changes in the way the alternatives are presented. These
findings pose difficult questions for decision analysts. If
preferences do not obey the axioms of expected utility,
then what axioms do they obey? If choices vary depend-
ing upon specifics of the elicitation procedure, then what
procedure elicits “true’” preferences? Finally, if individ-
uals” preferences are truly incoherent, then what is the

. benefit of prescriptive efforts—what is being gained?

7/ Loomes and Sugden’s (1982) Regret theory provides

a possible resolution to these problems.! Regret theory

! Also see Bell (1982) and Fishburn (1981, 1982).
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is unique among alternatives to expected utility in that
preferences in the theory are defined over actions rather
than over prospects. Agents’ choices between alterna-
tives are assumed to depend not only on the payoffs
offered in each action but also on the feelings of regret
or elation the agents anticipate experiencing once the
choice is made, the uncertainty resolved, and the out-
come had they chosen otherwise is revealed. As a con-
sequence of these differences relative to other alterna-
tives to expected utility, Regret theory not only predicts
the types of anomalies implied by such alternatives
(e.g., violations of the independence axiom) but makes
unique predictions regarding violations of stochastic
dominance and invariance®—predictions confirmed ex-
perimentally.®> Moreover, in the context of the theory

* That is, preference reversals between different representations of a
choice between the same pair of probability distributions.

? See, for example, Loomes (1988), Loomes and Sugden {1987b), and
Locmes et al, {1992).
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such behaviors are rational: Agents violate dominance
and invariance because they are better off doing so once
anticipation regarding post-decision regret and elation
is accounted for.

Predictions of Regret theory, as well as their interpre-
tation as rational forms of behavior, depend critically
on assumptions regarding the statistical dependence or
independence of the available alternatives. How alter-
natives are framed, on the other hand, is irrelevant ac-
cording to the theory.

Leland (1994) examines the implications of individ-
uals” basing choices between risky prospects on simi-
larity judgments along the lines suggested by Rubin-
stein (1988).* There I show that for representations of
choices as probability distributions, similarity judg-
ments imply much of the behavior upon which Kah-
neman and Tversky’'s (1979) Prospect theory was
based.” On the other hand, for alternatives represented
in the state-matrix form employed in experiments test-
ing the predictions of Regret theory, similarity judg-
ments imply violations of dominance and invariance
predicted by Regret theory. However, these predictions
do not depend on assumptions regarding the statistical
dependence or independence of the alternatives in-
volved. Instead, violations of stochastic dominance and
invariance occur simply because different matrix rep-
resentations of a choice between the same pair of prob-
ability distributions foster different sets of comparisons
of prizes and probabilities across alternatives, Yiola-
tions of the independence axiom, on the other hand,
arise because the arithmetic manipulations of lottery
components used to produce such violations (e.g., re-
ducing the values of probabilities across alternatives
holding their ratio constant) alter the perceived similar-
ity or dissimilarity of probabilities across alternatives.

In this paper we report the results from two experi-
ments designed to determine whether the frequencies
with which violations of stochastic dominance, invari-
ance, and the independence axiom oceur are sensitive

* Barlier work by Luce ( 1936} and by Tversky (1969) is also closely
related.

* Specifically, in a section entitled “A reinterpretation of the evidence
motivating Prospect theory,” I show how reliance on similarity judg-
ments results in common consequence and common ratio violations
of the independence axiom, reflection effects, and violations of the
reduction of compound lotteries axiom.
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to whether the alternatives involved are statistically de-
pendent or independent (as implied by Regret theory)
or not (as implied by the Similarity model). With one
exception, these results suggest not, thus providing ad-
ditional support for the Similarity model proposed.

The paper is organized as follows, First, we review
the structure of Regret theory and its implications re-
garding violations of stochastic dominance, mvariance,
and the independence axiom. Next, we propose a model
of choice based on similarity judgments and show that
it also implies systematic violations of these axioms. We
then present the results of experiments that enable us
to distinguish between these two explanations for vio-
lations of expected utility. Finally, we discuss how these
findings may affect decision analysis.

Regret Theory: Structure and

Implications

LetS={S,, 5,, - - - 5,} be the set of possible states of the
world where each state S; occurs with probability p; (Z,p;
=1).°Let A, and A be two actions where agents choos-
Ing A, (A,) receive outcome xy; (xy) € the prize set X if
state 5; occurs (j = 1to n). Let ~ and > denote indif-
ference and strict preference, respectively. In Regret the-
ory, agents choose between actions according to the fol-
lowing decision rule where #(-, ) is a real-valued re-
gret/ rejoice function:

Ay 3 A e Eij‘l’(xn, xz;') % 0. (1)

The function (-, - ) is assumed to exhibit three prop-
erties:

(2a) Skew-symmetry—for all Yoo X € Xi (%, x)
= —'l,[f(xh, xg):

(2b) Increasingness—for all X Xgo Xn € Xt fi(xy, x,)
.% 0e Yr(xg, xp) % P(x,, x3),

(2c} “Regret aversion” or "convexity”—for all Xg Xq,
X € X: (xy, xp) > 0, and
#(xy, 24) > 0, and Wl x) > 0 = P(xg, x,) > P{xp x;)
+ x,, x,).

Now consider being given a choice between two ac-
tions, A; and A,. Each offers a one-third chance of re-
cetving outcomes x; > x, > X3 depending on the number

® This discussion of the structure of Regret theory foliows Loomes and
Sugden (1987a),
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drawn from an urn containing 99 tickets numbered 1 to
99. For A, (Az), the numbers 1 through 33 pay x; (x3),
34 through 66 pay x; (x;), and 67 through 99 pay x; (x,).
Note that the acts are statistically dependent.

According to Regret theory, agents would interpret
this choice as shown below where the occurrence of
state 5;, 5,, or 5; results from drawing 1 through 33, 34
through 66, or 67 through 99, respectively.

5 5, 5

i 1 1

3 3 3
A X1 X2 x3
A, X3 Es| k]

The choice between these two acts is determined as fol-
lows:

A; 5 Ay & 3¢(xy, x3) + W(xg, %)
+ 3(xs, %) 2 0. (3a)

Exploiting the skew symmetry property of (:,-) and
simplifying, (3a) reduces to:
ALz A e (x, x3) — Plx, x2)

— i(xz, x3)] % 0. (3b)

Regret aversion implies that this expression will be pos-
itive, thus requiring the choice of action A;. Further, the
addition of a sufficiently small amount & to prize x; in
lottery A, will leave the inequality in expression (3b)
unaffected, in which case agents will exhibit violations
of stochastic dominance,

These behaviors are interpreted as rational within the
context of Regret theory. The reason is straightforward.
Agents recognize that if they choose A; and draw a ball
numbered 34 through 66, they will feel bad for having
received x; instead of x;, the prize they would have re-
ceived if they had chosen otherwise. Likewise, if they
draw 67 through 99, they will feel bad for having re-
ceived x; instead of x;. However, they also recognize
that if they draw a ball numbered 1 through 33, they
will feel terrible for having received x, instead of x;. In
this context, regret aversion simply means that feeling
“terrible”” is more than twice as bad as feeling “bad.”

Now suppose that prizes in A; and A, were awarded
by draws from different urns. In this statistically inde-
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pendent situation, what one draws given the choice of
one alternative is uninformative as to what would have
happened if one had chosen otherwise. As a result, Re-
gret theory predicts adherance to equivalence and sto-
chastic dominance when A4, and A, are statistically in-
dependent alternatives.”

In addition to implying violations of stochastic dom-
inance, Regret theory also implies that agents’ choices
may exhibit “juxtaposition” effects (preference rever-
sals between different choice pairs where the actions in
one pair correspond to the same probability distribu-
tions as those in the other pair) and systematic viola-
tions of the independence axiom. To demonstrate, con-
sider a choice between lotteries of the general form A:
[xi, Ap; 0,1 — Ap]land B: x5, ;0,1 — pl forx; > x, > 0,
1=p >0 and 1 > X > 0. Regret theory assumes that
agents confronted with such alternatives perceive the
decision as between the following actions where the pa-
rameter 1 = w = max{0, (A\p + p — 1)/ Ap] equals the

-probability that action B yields consequence x, condi-

tional upon action A yielding consequence x;.°

S] Sz 53 S.;

whp  (d—whp pl-wh)  1—pd+ (1~ wh)
A % X 0 0
B 2 0 % 9

Choice between actions is determined as follows:
AZ B e plung(x;, 1) + (1 — w)NF(xy, O)

+ (1 — wh)i(0, x)} 2 0.

<

(42)

Factoring out p and exploiting the skew symmetry
property of (-, - ), expression (4a) reduces to:

At~ B & {A(xs, 0) — Y(xs, 0]

+ wMp(xy, X2) + Ylxz, 0) — ¢(xy, 0)}2. (4b)

7 According to Regret theory, individuals faced with a choice between
Az and A; with two urns would interpret the decision as involving a
matrix with 9 states where each state occurs with probability }th and
where each prize in A, is juxtaposed with each prize in A, three times.
®Le., w measures the degree of overlap between those states where A
gives x; and B gives x,.
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The sign of the first bracketed component in expression
(4b) is indeterminate and independent of the level of w.
The second component, on the other hand, is negative
as a consequence of regret aversion and becomes more
negative the greater the value of w.

The sign dependence of (4b) on w makes “juxtaposi-
tion” effects possible. To demonstrate, consider choices
AB and A’B’ below.

5 5; Sy
Ap 1~ XN i-p
A X3 1] 0
B Xz X2 0
5y 54 Sy
Ap r 1—-p(1+X)
A x G 0
B’ 0 X 4]

A and A’ correspond to the probability distribution
[$x1, Ap; $0, 1 — A\p] and B and B’ to the probability
distribution [$x,, p; $0, T — p]. The choice pairs differ,
however, in that in AB w equals 1, whereas in A’B’ it
equals O (in which case one and / or both choices must
involve statistically dependent alternatives). The sign
dependence of (4b) on w implies that individuals pre-
ferring the safer option B when w is high may, nonethe-
less, prefer the riskier option A’ when w is small.

The sign dependence of (4b) on w also allows com-
mon ratio violations of the independence axiom. Given
choices between the lotteries C: {$30, 0.45; $0, 0.55} and
D: (%15, 0.90; $0, (.10} and between C': {$30, 0.01; %0,
0.99} and D": {$15, 0.02; $0, 0.98}, the independence ax-
iom requires that agents choose either C and C’ or D
and D'. Experimental evidence (e.g., Kahneman and
Tversky (1979)) suggests instead that individuals tend
to prefer the safer alternative when p is high (e.g., D)
but the riskier alternative when p is sufficiently small in
value {(e.g., C').

If the actions in CD and C'D’ are statistically inde-
pendent then w = p. In this case the sign dependence of
(4b) on w implies that an agent who prefers the safer
option D when w (=p) is high may prefer the riskier
option C’ for w {=p) sufficiently small. As such, Regret
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theory predicts common ratio type violations of the in-
dependence axiom among statistically independent
prospects. For statistically dependent choices, on the
other hand, w is constant, in which case the change from
CD to C'D’ occurs solely as a consequence of a change
in the value of p. To the extent that p does not appear
in (4b), changes in its value will have no effect on
choice. In most experiments revealing common ratio vi-
olations of the independence axiom incdluding Kahne-
man and Tversky (1979), the dependence or indepen-
dence of the alternatives is ambiguous. Loomes and
Sudgen (1982) suggest that in situations where ““sub-
jects were simply asked to choose between pairs of pros-
pects. . . . The most natural assumption for subjects to
make is that the prospects are statistically indepen-
dent.” If so, then common ratio violations are consistent
with Regret theory.

To summarize, Regret theory implies systematic vi-
olations of stochastic dominance and juxtaposition ef-
fects in choices between statistically dependent alter-
natives and also implies common ratio violations of the
independence axiom in choices between statistically in-
dependent alternatives. These behaviors, and their in-
terpretation as rational forms of behavior, occur irre-
spective of the way the alternatives are presented—
according to Regret theory they are not framing effects.
Moreover, violations of stochastic dominance are pre-
dicted even when the dominance relationship between
alternatives is transparent—choice of dominated alter-
natives is intentional. Violations of stochastic domi-
nance and juxtaposition effects in choices involving sta-
tistically independent alternatives and violations of the
independence axiom between statistically dependent al-
ternatives are, on the other hand, inconsistent with Re-
gret theory.

Similarity Judgments

Rubinstein (1988) suggested that for the purposes of
choosing between simple lotteries [x;, p;; 0, 1 — ] and
[x2, p2; 0, 1 — p,] agents employ a three-step process. In
the first step, they check to see whether one lottery sto-
chastically dominates the other. If so, that option is se-
lected. If not, agents then compare the non-zero prizes (x,
and x,) and their corresponding probabilities (p; and p»)
in terms of their similarity or dissimilarity. If the lotteries
are perceived as similar on one dimension but dissimilar
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on the other, the dissimilar dimension becomes decisive
in determining the choice. Otherwise, the choice is re-
solved in a third step by an unspecified procedure.
Rubinstein suggested that reliance on this decision
procedure could lead to CD' type violations of the in-
dependence axiom discussed earlier. In the choice be-
tween lotteries C’ and D', the former would be selected
because it offers a dissimilar and better prize ($30 ver-
sus $15) at similar probability (.01 versus .02). The
choice between C and D, on the other hand, cannot be
resolved by appeal to similarity since probabilities (.45
and .90) as well as prizes may appear dissimilar. In con-
cluding, Rubinstein noted that, to the extent this expla-
nation for common ratio violations is correct, it raises
questions regarding the transitivity of preferences.
From a descriptive standpoint, the fact that individuals
choosing according to Rubinstein’s procedure may have
intransitive preferences is probably of lesser concern than
the fact that their choices will, in some circumstances, be

completely and implausibly insensitive to differences in -

the expected values of the alternatives. For example, in-
dividuals trying to decide between C and D based on
similarity judgments would be no more successful at
identifying a preferred alternative if the $30 in C were
replaced with $30,000 or $3,000,000—in each case one
alternative offers a noticeably better prize but the other
offers a good prize at dissimilar and better odds.

Leland (1994) modifies the decision procedure pro-
posed by Rubinstein and applies it to the larger class of
lotteries L, and L; represented or perceived by agents as
shown below wherefori=1,2andj=1,2,...,n, x;
€X,ps €10, 1] and Zp; = 1.

Ly = {xy, Pus %2 Pazs 70 75 X pln}

Ly = {221, Pors X2 Pazi ** 5 Xows Pan)

? Generally speaking, the model applies only to decisions between al-
ternatives having the same number of outcomes. In cerfain dreum-
stances, predictions can be obtained for alternatives involving uneqal
outcomes. Leland (1994), for example, provides an explanation for
common consequence violations of independence where one choice
pair involves deciding between a certain outcome and a lottery. How-
ever, the model cannot explain other evidence revealing systematic
departures from expected utility where lotteries contain unequal nurmn-
bers of outcomes (e.g,, Wu and Gonzalez {forthcoming)} since we can-
not infer what subjects are comparing across lotteries nor even
whether the decision process used involves comparative, as opposed
to absolute, evaluations.

MANAGEMENT SCIENCE/ Vol. 44, No. 5, May 1998

To choose between such alternatives, assume agents
first attempt to resolve the choice either through appeal
to preference or based solely on the difference in the
expected values of the alternatives. If, in this process,
one alternative is perceived to be distinctly better than
the other (which we will assume occurs for alternatives
that are sufficiently far apart in expected value) it is
selected.'

If a clear choice cannot be identified in this stage,
agents next proceed to make comparisons of prizes and
probabilities across lotteries in an attempt to identify a
dominant alternative. Specifically, assume that agents
compare prize x;; with x;; and their corresponding
probabilities py; with p,; in terms of their equality or
inequality, then x;, with x, and py; with py, and so forth
for a total of j pairs of comparisons. For each of these j
pairs of comparisons, agents note whether the compar-
isons “favor L;” {e.g., if x;; > x5 and p;; > py; or xp
> Xy and py; = pa), 'favor L,,” are “inconclusive” (e.g.,
if x17 > X2 but pn > pyp in cases where x,; is a desirable
outcome), or are “inconsequential”’ {e.g., if xy; = xo; and
pu = pa). Once each of the j pairs of comparisons is
made, agents choose L, (L,) if it is favored in any com-
parisons and inconsequential in the remainder. Other-
wise, agents proceed to a third step in the decision pro-
cedure.

For the purpose of describing step 3, assume the bi-
nary relations >* and >’ (reading “greater than and
dissimilar’’) are strict partial orders'’ on consequences
and probabilities, respectively. In this case, the similar-
ity relations, ~* and ~7, defined by the symmetric com-
plements of >* and >7, are not necessarily transitive
because for some prizes x; > x, > xy, x; ~% x,, x, ~7 x
but x; >* x;, with a like result holding for probabilities.
To resolve choice in this step, agents again compare
prize x;; with x;; and their corresponding probabilities
pin with pa;, but now in terms of their similarity or

1% This step rules out the possibility that certain prizes in 2 lottery can
be made arbitrarily large without eventually eliciting a strict prefer-
ence for that lottery over another. While this step restricts the appli-
cability of the model, the class of decisions for which similarity judg-
ments apply may, nonetheless, be quite large. As was pointed out by
a reviewer on an earlier draft of this manuscript, expected utility vi-
olations like those original proposed by Allais (1953) involve lotteries
with very different expected values.

"' That is, asymmetric and transitive.
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dissimilarity, then x, with x,; and p,; with py, and so
forth for a total of j pairs of comparisons. For each of
these j pairs of comparisons, agents note whether the
comparisons “favor L,” {(e.g., if x;; > x and py; >7 pay
or X131 >7 xy; and pyy ~F py), “favor Ly,” are “inconclu-
sive” (e.g., if x4y > x5 but py >F py; in cases where x,,
is a desirable outcome), or are “inconsequential” (e.g.,
if X1y~ x21 and p1y ~* p1).'? Once each of the j pairs of
comparisons is made, similarity recommends the choice
of Ly (Lp} if Ly (Lp) is “favored” for any j and L, (L,) is
not favored for any j.** Otherwise, the choice is resolved
at random.

While this model of choice is exceedingly simply, it,
nevertheless, yields a very rich set of behavioral impli-
cations. To demonstrate, consider lotteries 4; and A,
presented in the prior section (shown in the L; L, format
below).

(RIS
-

. 1, i,
AE' Exlf 3r X2, 3, x3t

. i, 1. i
AZ- {353, 3; X1, 57 X2, 3;

Assuming the choice is not resolved by appeal to pref-
erence—which we assume henceforth—agents given
these options will next compare the prizes and their cor-
responding probabilities according to their equality or
inequality. The first paired comparison (x; and x; and
1 and 1) will favor A,. However, the remaining paired
comparisons (x, with x, and } with 3, and x, with x, and
3 with 3) will favor A,. Taken together, these results are
uninformative, in which case agents proceed to step 3.

' For the types of lotteries considered in this paper, the conclusions
regarding when one lottery will be favered over another and when
comparisons will be judged either “inconclusive” or “inconsequen-
tial” are obvious. Leland (1994) contains a general discussion as to
when similarity comparisons will “favor” one lottery over another, be
“inconglusive,” or be “inconsequential.”

Y Starmer and Sudgen (1993) present evidence suggesting that types
of behaviors predicted by Regret, as well as ones inconsistent with
Regret theory, result because the subjective probability of an event
(e.g., 2 50% chance of winning $100) can be enhanced by describing it
as two events {e.g., a 25% chance of winning $100 and another 25%
chance of winning $100). This result, termed “event splitting,” sug-
gests that the pareto rule for choosing between alternatives based on
similarity should be replaced by a majority rule (i.e., choose A (B) if
it is favored in more pairs of comparisons). This possibility will be
explored in detail in a companion paper. For all the experimenta) re-
sults reported in this paper, the behaviors implied by the two rules
are identical.
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In step 3, agents again compare prizes and probabil-
ities across lotteries but now in terms of their similarity
or dissimilarity. In each pair of comparisons, the prob-
abilities are identical and hence similar, Thus, the choice
predictions of the Similarity model depend upon the
similarity / dissimilarity results between the prizes x;
and x;, x; and xy, and x; and x,. There are five possible
patterns of similarity / dissimilarity perceptions be-
tween outcomes for each of these three comparisons:

1oxy >% x5, % >% Xy, 43 > Xy,
X, > Xy, X0 > X, 0 ~F A,
X1 > Xa, X ~F X, Xy > X3,
Xy 2% X, X ~F X2, X2 ~T x5,
- Xy ~F g, X9 ~F X0, X2 ~F X,

For the first three of these patterns, certain compari-
sons of prizes across alternatives will favor A, but others
will favor A;. These will be resolved at random. Like-
wise, for the fifth pattern of perceptions, the choice will
be random because all comparisons are inconsequential.
For the fourth pattern, however, similarity recommends
the choice of A, over A, since the comparison x; >* x,
“favors” A; with the latter two comparisons, x; ~* x,
and x, ~* x3 being “inconsequential.” The choice of A,
is the one required by Regret theory. Also like Regret
theory, agents may systematically persist in choosing A,
even if a sufficiently small amount, ¢, is added to one
of the outcomes in A,. However, unlike Regret theory,
these predictions of the Similarity model apply to the
statistically independent as well as dependent alterna-
tives.’*

The explanation for juxtaposition effects provided by
similarity is closely related to the explanation for vio-
lations of equivalence and systematic violations of sto-
chastic dominance. To demonstrate, consider choices
AB and A'B’ from the previous section again rewritten
in L1, format.

G

** Also unlike Regret, violations of stochastic dominance will occur at
chance levels even for agents whose perceptions do not correspond to
pattern 4. One might object that this implies an implausible number
of viclations of dominance. Bear in mind, however, that agents choos-
ing according to the Similarity model proposed take the representation
of the choices as given. If they were allowed to reorder prizes so as to
match x; in A; with x; or 2y + £in A;, x; in A, with x; in A,, and so
forth, they would detect the dominated alternative in step 2. This
matching of prizes produces what Tversky and Kahneman (1986) refer
to as “transparent” dominance and what Loomes and Sugden (1987a)
term “statewise dominance.”

- MANAGEMENT SCIENCE/ Vol. 44, No. 5, May 1998
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At {xy, Ap; 0, p(1 = A); 0,1 —p)
Bifxo, M 22, p(1 — M), 0, 1 — p}
A, i 0,901 — p(1 + M)}
B': {0, Mp; x3, 7: 0, 1 — p(1 + \)}

In each pair of comparisons, the probabilities are
again identical and therefore similar, in which case the
choice predictions of the Similarity model depend on
the similarity / dissimilarity results between the prizes.
In the choice between A and B, the Similarity model
may recommend either the choice of A (if x; >" x; but
x; ~* () or B (if x; ~% x; but x; > 0). In the choice
between A’ and B’, on the other hand, only A’ can be
recommended {if x; >* 0 but x, ~* () since for B’ to
be recommended it would have to be that x; ~* (0 in
which case all comparisons are deemed inconsequen-
tial. As with violations of stochastic dominance, how-
ever, these predictions depend only upon the repre-
sentation of the choices fostering an appropriate set of
comparisons between prizes and probabilities—the
statistical dependence or independence of the alterna-
tives is irrelevant.

The reason for the close correspondence between the
predictions of the Regret and the Similarity models re-
garding violations of stochastic dominance and juxta-
position effects is obvious: The assumption that the sim-
ilarity relation on prizes, ~*, may be intransitive (i.e.,
that x, > x, > xp, X, ~% xg, X, ~" x, but x, > x;,) implies
behaviors analogous to those implied by the assump-
tion of regret aversion (ie., that $(x, x) > (x, x;)
+ r(xg, %)) In contrast, common ratio violations of the
independence axiom follow in the Similarity model as
a consequence of similarities and dissimilarities be-
tween probabilities across alternatives. In the choice be-
tween C: [$30, 0.45; $0, 0.55] and D: [$15, 0.90; $0, 0.10]
discussed earlier, for example, individuals will first
compare $30 with $15 and 0.9 with 0.45 and then com-
pare $0 with itself and 0.1 with 0.55. Assuming that $30
=*$15 and 0.9 > (.45, the first paired comparison will
be deemed “inconclusive.” The second comparison, on
the other hand, will favor the safer option D, since C
offers a noticeably larger probability (0.55 >7 (.1) of the
worst possible outcome. In the choice between C”: [$30,
0.01; $0, 0.99] and D': [$15, 0.02; $0, 0.98], on the other
hand, agents may perceive the probabilities 0.02 and
0.01 and 0.98 and 0.99 as similar. If so, then the riskier
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alternative C' is recommended as the first pair of com-
parisons ($30 >* $15 and 0.02 ~7 0.01) now favor C’,
whereas the second pair ($0 ~* $0 but 0.99 ~* 0.98) is
deemed “inconsequential.”’*®

Experimental Results

Predictions following from Regret theory and those fol-
lowing from the hypothesis that choices are based upon
similarity judgments correspond closely. Nevertheless,
these two alternative explanations for violations of ex-
pected utility are quite different and empirically distin-
guishable. Specifically, if the explanation for violations
of stochastic dominance, invariance, and independence
provided by Regret theory is correct, then the frequency
with which such violations occur should be sensitive to
the statistical dependence or independence of the alter-
natives, insensitive to the way the alternatives are
framed, and, in the case of stochastic dominance viola-
tions, insensitive to whether the dominance relation be-
tween alternatives is transparent or obscured. If vipla-
tions are a consequence of similarity judgments, exactly
the opposite implications follow.

To test between these two models of behavior, four
groups of Carnegie Mellon undergraduates filled out a
questionnaire consisting of seven choice problems. Two
groups were given choices between alternatives re-
ferred to as “Lottery A” and “Lottery B.” In this treat-
ment, the prize to be awarded in each choice pair was
determined by drawing a number between 1 and 100
from a single envelope; the alternatives are statistically
dependent.

The other two groups’ choices involved alternatives
referred to as “Envelope A” and “Envelope B.” In this
treatment, for each choice pair, the prize if one chose
Envelope A was determined by drawing a number from
1 to 100 from an envelope labeled “A,” whereas the
prize awarded if one chose Envelope B was awarded by

5 Rubinstein (1988} shows that to be consistent with expected utility,
~F must be a A-ratio similarity such that p ~F g if 1/X = p/g = A
Consistent with the type of behavior described above, Leland (1994}
presents experimental results suggesting that in hypothetical choices
like CD and C'D’ above, ~7 is an s-difference similarity such that p
~7 gif {p — 4] = & with a value of & for the “representative agent”
of between .05 and .15,
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drawing a number from the envelope labeled “B.” Here
the alternatives are independent.’

Aside from differences in the way prizes were
awarded, the two treatments were identical. Ordering
of choices within each question and ordering of ques-
tions within questionnaires were varied in both treat-
ments to compensate for systematically capricious re-
sponding,

Two of the seven questions presented to subjects per-
tain to common ratio violations of the independence ax-
iom. These are shown below where the only difference
between questions across treatments is that the choices
in the dependent treatment were described as lotferies,
whereas the choices in the independent treatment were
referred to as envelopes.

ABy

You are to choose between Lotteries (Envelopes) 4,

and B;. For Lottery (Envelope) A, if you draw a 1-

45 you receive $30 and $0 otherwise. For Lottery (En-

velope) B, if you draw a 1-90 you receive $15 and

$0 otherwise.

As such, your choice is between

Aq: Win $30 if draw 1-45 (45% chance), $0 otherwise

(55% chance ).

B;: Win $15 if draw 1~90 (90% chance), $0 otherwise

(10% chance }.—

AyB;

You are to choose between Lotteries (Envelopes) Az
and B,. For Lottery (Envelope) A,, if you draw a 1
you receive $30 and $0 otherwise. For Lottery (En-

18 Geveral steps were taken in each treatment to emphasize to subjects
how prizes would be awarded. Before the start of the experiment, the
instructions (complete questionnaires from both experiments reported
here are available upon request) were read aloud by the group instruc-
tors. The instructions stated that one person from each of the four
groups in the experiment would be selected to play one of the alter-
natives he or she chose on one of the seven guestions and would be
paid off accordingly. Group instructors in the dependent treatments
emphasized that the prize to be awarded in each choice would be
determined by drawing a number from the single envelope in the front
of the room. Likewise, instructors in the independent treatment em-
phasized that prizes for lotteries denoted by As would be determined
by drawing out of the envelope marked A, whereas those awarded for
fotteries denoted by Bs would be determined by drawing from the
envelope marked B. Envelopes were large (8.5" X 11") and were dis-
played prominently in the front of each classroom.
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velope) B,, if you draw a 1-2 you receive $15 and $0
otherwise.

As such, your choice is between

As: Win $30 if draw 1 (1% chance), $0 otherwise (99%
chance ), —

B,: Win $15 if draw 1-2 (2% chance), $0 otherwise
(98% chance).——

For choices between independent Envelope alterna-
tives, Loomes and Sudgen (1982) propose that agents
transform or choose “as if”” they transform the alternatives
into the following state-contingent representations:

(.405 0.045 0.495 0.055
Ay $30 $30 %0 $0
B, $15 $0 $15 $0

0.0002 0.0098 0.0198 0.9702
Ay $30 . 830 30 $0
B, §15 $0 $15 $0

For reasons discussed in the previous section, individ-
uals who choose B, over A; may, nonetheless, choose
A, over B, in violation of the independence axiom.

For statistically dependent Lottery alternatives, on the
other hand, the corresponding state-contingent choice
matrices are:

0.45 0.45 0.10
A $30 $0 50
B, $15 $15 $0

0.01 0.01 098
As $30 50 $0
B, $15 $15 $0

Here, agents choosing according to Regret theory must
adhere to the independence axiom.

The Similarity model, in contrast, assumes no such
transformation of the alternatives.” Instead, individuals

7 ¥ subjects mentally converted choices A; B, and A;B. into the matxi-
ces above, similarity would imply the same behaviors as Regret

MANAGEMENT SCIENCE/ Vol. 44, No. 5, May 1998
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who choose B; over A, in either treatment may switch
and choose A, over B, because, in the latter, probabili-
ties across alternatives appear more similar.

Results obtained are as follows:

Dependent Independent
A B, Az B,

A |16 (28%) | 9 (15%) | 25 (43%) A, | 11 (23%) | 1 (2%) | 12 (25%)

v

By | 25 (43%) | 8 (14%) 1 33 (57%} B; | 30 (63%) | 6 (12%} | 36 (75%)

41 (71%) 17 (29%) 58 41 (86%) 7 (14%) 48

Consistent with the hypothesis that common ratio vi-
olations can be attributed, at least in part, to anticipated
regret, the difference in the frequency of predicted to
nonpredicted violations between treatments (25 to 9 in
the dependent treatments versus 30 to 1 in the indepen-
dent treatments) cannot be attributed solely to chance.

The Fisher exact test probability for such a discrepancy -

occurring by chance equals .009. Consistent with the
Similarity model, on the other hand, significant system-
atic departures from the requirements of the indepen-
dence axiom occur in the statistically dependent (Con-
lisk’s z = 2.99)" as well as independent (Conlisk’s z
= 8.02} treatments.

In contrast to these findings, results on the determi-
nants of juxtaposition effects and stochastic dominance
violations are unequivocal. Beginning with the former,
consider question pairs A;B; and A.B, shown below
(along with the instructions to subjects) where both in-
volve a choice between the probability distribution
[$13, .3; $0, .7] and the probability distribution [$7, .5;
$0, .5].

Given a choice between Lottery (Envelope) A and

Lottery (Envelope) B shown below, which would you

prefer to play (make a check mark to the right of the

preferred lottery {(envelope)?

theory, although the statistical dependence or independence of the
alternatives would be irrelevant in producing these behaviors.

' This z statistic, proposed by Conlisk (1989) tests whether violations
of expected utility across pairs of questions like A;By and A:B; are
systematic in the sense that the pattern A;B, occurs more often than
the pattern B; A; or vice versa.
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1-50 5170 71106
(50%} {20%) (30%)
Lottery (Envelope) 4; $0 $0 $13
Lottery (Envelope) B; %0 $7 $7
1-20 21-70 71-100
{20%) {50%} (30%)
Lottery {Envelope) Ay 30 %0 $13
Lottery {(Envelope) By $0 %7 $0

In the statistically dependent Lottery treatment, in-
dividuals who choose according to Regret theory and
select B; over A, might, nevertheless, choose A, over B,
as a consequence of the extreme regret anticipated
should one choose B, and then draw one of the numbers
71 through 100. In the independent Envelopes treat-
ment, on the other hand, no systematic juxtaposition
effects are predicted by Regret.

The Similarity model also implies that preference re-
versals, to the extent they occur, will be of the form B,A,
because either A, or B; can be recommended by similarity
in the first choice, but B, can never be recommended by
similarity in the second. According to the Similarity
model, however, the pattern B; A4 should occur both in the
statistically independent and the dependent treatments.
Results for these questions are shown below.

Dependent Independent
Ay By Ay B,

As] 9(15%)| 6(10%) |15 (25%) Asi 6(12%), 1(2%) | 7 (14%)

B, | 10 (17%) | 35 (58%) | 45 (75%) B | 12 (25%) | 30 (61%) | 42 (86%)

19 (32%) 41 (68%) 60 18 (37%) 31 (63%) 49

Contrary to Regret theory and consistent with the hy-
pothesis that juxtaposition effects arise as a consequence
of similarity judgments, the choice pattern B;A, occurs
more often than the pattern A;B, in the independent
treatment, 12 versus T (Conlisk’s z = 3.21) as well as in
the dependent treatment, 10 versus 6 (Conlisk’s z
= 1.047).10

' This differenice in the relative frequency of predicted to nenpredicted
response patterns between treatments, while large, is not, arguably,
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The remaining choice problems in the questionnaire
pertained to violations of stochastic dominance. Two of
these are shown below.

1-20 21-40 41-80 81100
@0%)  (20%)  (40%)  (20%)
Lottery (Envelope) A5 $5 $5 $0 $13
Lottery (Envelope) Bs $0 $12 %5 $0
1-20 21-40 41-80 81-100
@0%)  (20%)  (40%)  (20%)
Lottery (Envelope) A $0 $13 $5 $0
Lottery (Envelope) By $5 $5 %0 %12

Note that here the A alternatives (both corresponding
to the prospect [$13, 0.2; $5, 0.4; $0, 0.4]) stochastically
dominate the B alternatives (both corresponding to the
prospect [$12, 0.2; $5, 0.4; $0, 0.4]).

Among statistically dependent lotteries, Regret the-
ory predicts that individuals will choose the dominant
alternative As over Bs because the regret associated with
receiving $0 and missing out on $13 if one chooses Bs
must be greater than the sum of the regrets associated
with receiving $5 instead of $12 or $0 instead of $5. In
the second choice, however, individuals might ration-
ally choose the dominated alternative B if the antici-
pated regret associated with receiving $0 and missing
out on $12 if they choose A; is greater than the regret
associated with receiving $0 instead of $5 and $5 instead
of $13. As such, stochastic dominance violations of the
form AsBs should occur more frequently than those of
the form BsAs but only among statistically dependent
lotteries,

According to the Similarity model, individuals cannot
systematically choose the dominated alternative Bs over
Ay because for this to occur $13 would have to appear
similar to $0, in which case all comparisons are incon-
sequential. The dominated alternative Bg can, on the
other hand, be recommended by similarity if $12 >* $0

inconsistent with the hypothesis that the statistical dependence or in-
dependence of alternatives is irrelevant as implied by the Similazity
model. The probability of such a discrepancy occurring by chance
equals 0.07 (Fisher exact test),
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but $13 ~* $5 and $5 ~* $0. As such, the Similarity
model, like Regret theory, predicts systematic domi-
nance violations of the form AsB¢ but, unlike Regret,
predicts that this will be the case irrespective of the sta-
tistical dependence or independence of the alternatives.

Results for these questions for both treatments are
shown below along with Loomes et al.’s {1992) results
for choices between statistically dependent acts A; and
Bs and between A, and By in which the prizes were de-
nominated in British pounds.

Dependent
Ag By
As 31 (53%) 18 (31%) 49 (83%)
Bs 5(8%) 5 (8%} 10 (17%)
36 (61%) 23 (39%) 59
Independent
Ag Be
As 25 (51%) 17 (35%) 42 (86%)
By 3 (10%) 2 (4%) 7 (14%)
30 (61%) 19 (39%} 49
Loomes et al.
Dependent
Ag B
As 45 37 82
By 12 6 18
57 43 100

Consistent with the predictions of the similarity model
and contrary to Regret theory, violations of dominance
of the form AsB, occur systematically in both the inde-
pendent treatment (McNemar's x* = 7.35, p < 0.01)*
and the dependent treatment (McNemar’s x° = 6.55, p
< 0.02). Moreover, the overall pattern of responses ob-
served is similar in the two treatments and corresponds
closely to the pattern found by Loomes et al. (1992).

¥ Conlisk's z is not appropriate to test for violations of deminance
since there is only one rational response pattern across choice pairs:
Select the dominant alternative consistently.
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In addition to choices between AsBs and between
AgBg, subjects in both treatments were asked to choose
between the following alternatives where this choice
was always the last one presented:

You are to choose between Lotteries (Envelopes) A

and B. For Lottery (Envelope) A, if you draw 1-25

you receive $5, 26-50 you receive $12.50, 51-75 you

receive $0, and 76-100 you receive $0. For Lottery

(Envelope) B, if you draw a 1-25 you receive $0, 26—

50 you receive $3, 51~75 you receive $12, and 76-100

you receive $0.

As such, your cheice is between:

Ay Win $12.50 (25% chance), win $5 (25% chance),

win $0 (50%) chance.——

B,: Win $12.00 (25% chance), win $5 (25% chance),

win $0 (50%) chance.——

Place a check next to the Lottery (Envelope) you pre-

fer to play.

In this question the dominance relation between al-
ternatives is made transparent, in which case individ-
uals choosing according to Similarity will select A;. Re-
gret theory, on the other hand, requires individuals who
chose the dominated alternative B; also choose the dom-
inated alternative B; since {12, 0) > (5, 0) + (13, 5)
= (12, 0) > (5 0) + (1250, 5). Contrary to this
prediction and consistent with the hypothesis that in-
dividuals wish to obey stochastic dominance, of the 17
subjects exhibiting the predicted pattern AsBs between
statistically dependent alternatives, only 2 (12%) chose
the dominated alternative when the dominance rela-
tionship was made transparent. As points of reference,
of the 18 subjects who chose AsBg in the statistically in-
dependent treatment, 4 (22% ) continued to violate dom-
inance in the choice A,B,, whereas overall rates of vio-
lation on A;B, were 8 of 59 (16%) for the dependent
treatment and 6 of 49 (12%) for the independent treat-
ment.

To summarize, violations of the independence axiom
occur significantly more often in the independent treat-
ment than in the dependent treatment. However, the
frequency of systematic violations of independence in
the dependent treatment is also significant. Juxtaposi-
tion effects occur at a statistically significant level in
choices between independent alternatives and occur in
the same direction but at a statistically insignificant
level between dependent alternatives. The difference
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between the frequency of predicted to nonpredicted vi-
olations in the two treatments is, however, insignificant.
Finally, systematic violations of stochastic dominance
occur with significant frequency between both statisti-
cally independent and dependent alternatives, but they
vanish when the dominance relationship is made trans-
parent—even among subjects from which Regret theory
would require violations.

All the findings summarized above, save the first, ap-
pear to support the hypothesis that choices are being
based on similarity judgments and not as assumed in
Regret theory. However, these results would also follow
if subjects in the experiment interpreted matrix repre-
sentations of alternatives as implying statistical depen-
dence and prospect representations as indicating inde-
pendence.” In light of this possibility, an additional 83
Carnegie Mellon undergraduates completed a question-
naire {(available on request) consisting of four decision
problems.”>*

In this experiment, eight average sized lunch bags la-
beled F, T, Q, L, W, R, K, and N were placed in the front
of the classroom. Each bag contained 100 colored balls
(Oranger Rear Gireens Yenow) in different proportions. On
each of the four questions, subjects were asked to choose
one of two bags,

The first two choice pairs, testing for violations of sto-
chastic dominance, are shown below.*

Probiem 1

BagF 19%Owin$5 20%Rwin$s 40%Gwin$d 21%Y win$ld—

BagT 20%Owin$0 20%Rwin$l2 40%Cwin$s 20% Y win$d—

Problem 2

Bag{d 20%Owin$0 21%Rwin$l3 39%Gwin$s 20%Y win$0—

Bagl 20%Owin§5 20%Rwin$3 40%Gwin$0 20% Y win$l2—

Lotteries T and L are identical to lotteries Bs and B in
the prior experiment. F and  have been made slightly

% T am indebted to the two referees on an earlier version of this paper
for pointing out this possibility.

21 would like to thank Professor John Miller and his Fall 1995 Policy
Analysis class at Carnegie Mellon University for their participation in
this experiment.

* As in the previous experiment, subjects were informed that one
member of the class would be selected to play one of the alternatives
he or she chose and be paid off accordingly. Ordering of choices within
each question and ordering of questions within questionnaires were
systematically varied.

% These choices were constructed like ones used to demonstrate vio-
lations of stochastic dominance in Tversky and Kahneman (1986).

669



LELAND
Similarity Judgments in Choice Under Uncertainty

better than A; and A, in the prior experiment to make
the probabilities across bags different (further ensuring
that people don't treat the choice as dependent). For
these choice pairs, Regret theory predicts that there will
be no violations of dominance.

If subjects choose according to similarity, systematic
violations of dominance are ruled out in the first choice
because the only way T can be recommended over F is
if $13 ~* $0 but, if so, all comparisons will be deemed
inconsequential. In QL, on the other hand, L can be rec-
ommended by similarity if $12 >* $0, but $5 ~* $0 and
$13 ~* $5. As a result, the Similarity model predicts that
responses of the form FL will outnumber those of the
form TQ. Results for these two choice problems are
shown below along with the results we obtained for the
independent matrix representations in the first experi-

The second two choice pairs presented to subjects in
this experiment involved juxtaposition effects. They
were as shown below.

Problem 3

Bag W 50% Owin$0 20% Rwin$0 30% G win §13—

Bag R 51% QO win$0 19% R win $7 30% G win $7-—-—

Problem 4

Bag K 20% orange win 8¢ 50% red win $0 30% green win $13-

Bag N 20% orange win $0 49% red win 7 31% green win $0--
Lotteries W and K are the same as Lotteries 4; and A,
in the previous experiment. Alternatives R and N are
slightly degraded relative to B; and B, in the first ex-
periment, again to allow for different probabilities be-
tween bags. Regret theory predicts no juxtaposition ef-
fects between these choice pairs because the options are
independent.

In contrast, although similarity judgments can rec-
ommend either the choice of W or R in Problem 3, N
cannot be recommended over K in Problem 4 because
for this to occur, 13 must appear similar to 0, but then
everything will appear similar across lotteries. As a re-
sult, the prediction is that juxtapositions RK > WN. Re-
sults for these two choice problems are shown below
along with those obtained for the independent matrix
representation in the first experiment.

ment.”
Independent Bags
Q L
F 43 {52%} 31 (37%) 74 (89%)
T 6 (7%} 3 (4%) 9 (11%)
49 (59%) 34 {41%) 83
Independent Matrix
Ag Bs
As 25 (51%) 17 (35%) 42 (86%)
Bs 5 (10%) 2 (4%) 7 (14%)
30 {61%} 19 (39%) 49

Results from the “bags’ representation of the choices
closely mirror those found in the “‘matrix’ representa-
tion, and the discrepancy between predicted and non-
predicted violations of stochastic dominance is even
more significant (McNemar's x* = 16.9, p < 0.0005 here
versus 7.35 in the independent matrix case). Moreover,
this is true even though the dominant alternative has
been, albeit slightly, improved.

5 Recall that resuits regarding stochastic dominance viclations were
very similar for the dependent and independent manipulaticns and
also very similar to those reported for dependent alternatives by
Loomes et al. (1992}

670

Independent Bags
K N
w 16 (19%) 1{1%) 17 (20%)
R 20 (24%) 46 {55%) 66 {80%)
36 (43%) 47 (57%) 83
Independent Matrix
Ay By
As 6 {12%) 1(2%} 7 (14%)
By 12 (25%) 30 (61%) 42 (86%)
18 (37%) 31 (63%) 49

As in the earlier experiment, juxtaposition effects occur
as predicted by similarity although the effect here is
much stronger—20:1 here versus 12:1 in the first exper-
iment.

In summary, the results obtained in the first experi-
ment replicate here. These findings cannot, however, be
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attributed to subjects interpreting matrix representa-
tions as signaling statistical dependence as the choices
weren't represented as matrices. Moreover, even
though the representations used are matrix-like, to treat
the choices as involving draws from a single urn (i.e.,
as statistically dependent choices) would require that
subjects believe that the urn simultaneously contains
different proportions of white, red, green, and yellow
balls. If people commonly suffer from this misconcep-
tion, then the types of violations of rationality described
in this paper would seern to be the least of our problems.

Discussion

Both Regret theory and the Similarity model presented
here predict systematic violations of independence,
monotonicity, and invariance. If these violations result
from consideration of post-decision regret or elation,
their occurrence will be sensitive to the statistical de-
pendence or independence of the alternatives, insensi-
tive to the freiming of the choices and, in the case of
violations of dominance, insensitive to whether the
dominance relationship is transparent or obscured, If
violations result from choices being based on similarity
judgments, the statistical dependence or independence
of the alternatives is irrelevant in producing such be-
haviors. Instead, what is important is that the represen-
tation of the options fosters the appropriate set of com-
parisons of prizes and probabilities across alternatives.
The vast majority of data presented in this paper sug-
gests that similarity judgments and not concerns over
post-decision regret are responsible for violations of ex-
pected utility.

The conclusion that individuals rely on similarity
judgments to make choices has decidedly mixed impli-
cations for decision analysis. On one hand, we have
seen that individuals who choose based on such judg-
ments can make unambiguously bad decisions—assist-
ing them to make better decisions is certainly a laudable
goal. Just how to do this is, however, unclear. Tradi-
tionally, decision analysts have derived clients’ utility
functions by presenting them with a series of simple
lotteries of the form [$x, p; $0, 1 — p] for varying values
of x and asking them to state certainty equivalents for
each gamble. In theory, clients respond to each of these
queries by evaluating the expected utility of the lottery
presented and then taking the inverse of this value to
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obtain a certainty equivalent. However, McCord and de
Neufville (1984), among others, have shown that the
shape of the utility function obtained using this proce-
dure varies systematically with the value of p. To avoid
this systematic bias, McCord and de Neufville (1986)
recommend using a lottery equivalent elicitation method
where subjects are presented with two lotteries; a ref-
erence lottery [$x, p; $0, 1 — p] where both the prize and
probability are specified, and other lotteries of the form
[$x*, g, $0, 1 — g] where the value of $x* is varied and
g is left unspecified. For each pair of lotteries, clients are
asked to specify the value of g that makes them indif-
ferent between the options. These responses are then
used to obtain the client’s utility function. McCord and
de Neufville (1986) present evidence suggesting that
this procedure eliminates “much of the dependence of
the utility function on the assessment probability p.”

Lottery equivalent elicitation involves alternatives
with an equal number of outcomes. Results reported in
this paper suggest that in such cases individuals base
their decisions on similarity judgments. If so, then re-
placing the certainty equivalent elicitation procedure
with a lottery equivalent one will not provide a better
estimate of a client’s true utility function. On the con-
trary, the analysis presented here suggests that it will
reveal information not about preferences but instead
about the, at times, incoherent process used to make
decisions.?

* Robyn Dawes, George Loewenstein, and Patrick Sileo provided
valuable comments on earlier versions of this paper. Remaining errors
are the responsibility of the author.
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