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I. Introduction

T IS NO EXAGGERATION to consider ex-
pected utility theory the major para-
digm in decision making since the Second
World War. It has been used prescrip-
tively in management science (especially
decision analysis), predictively in finance
and economics, descriptively by psycholo-
gists, and has played a central role in theo-
ries of measurable utility. The expected
utility (EU) model has consequently been
the focus of much theoretical and empiri-
cal research, including various interpreta-
tions and descriptive modifications as to
its mathematical form. This paper reviews
the major empirical studies bearing on the
EU model. Although previous reviews of
decision making have covered some of this

research (e.g., Ward Edwards, 1961; Gor-
don Becker and Charles McClintock,
1967; Amnon Rapoport and Thomas
Wallsten, 1972; Paul Slovic et al., 1977;
Robert Libby and Peter Fishburn, 1977;
Charles Vlek and Willem Wagenaar, 1979;
and Hillel Einhorn and Robin Hogarth,
1981), few have attempted to organize the
relevant evidence around the different
purposes served by the EU model. Simi-
larly, there has been no systematic exami-
nation of the way various descriptive ex-
tensions of expected utility theory relate
to their progenitor, or of how the current
normative variant differs from its histori-
cal roots.

In addressing these issues, the present
paper first discusses various EU modifica-
tions. Special attention will be given to
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the types of cardinal utility used in various
models, as well as the manner in which
probabilities are incorporated. Thereafter
four conceptually different purposes of
the EU model are identified, namely: de-
scriptive, predictive, postdictive and pre-
scriptive. The types of evidence relevant
in testing the model’s adequacy for each
purpose are discussed. Building on these
distinctions, the empirical evidence is
then divided into four clusters centering
around tests of the axioms, field research,
information processing studies, and recent
findings on context effects. Although the
review covers considerable ground, its fo-
cus is on major studies; it does not provide
a comprehensive discussion of all relevant
research. Moreover, the focus is on indi-
vidual decision making rather than the be-
havior of firms or markets. It shows that
at the individual level most of the em-
pirical evidence is difficult to reconcile
with the principle of EU maximization.
Whereas the simplicity of EU theory, es-
pecially its mathematical tractability, may
make it a very attractive model for pur-
poses of social aggregation, its structural
validity at the individual level is question-
able. As such, a separate section is devoted
to important behavioral decision aspects
that are currently ignored in EU theory.
Finally, the discussion section synthesizes
the divergent strands of research touched
upon, with an eye to future roles of the
EU model.

II. Expected Utility Variants

Expected utility models are concerned
with choices among risky prospects whose
outcomes may be either single or multi-
dimensional. If we denote these various
(say n) outcome vectors by ¥; and denote
the n associated probabilities by p; such

that ii »i = 1, we then generally define
=1

an EU model as one which predicts
or prescribes that people maximize
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EnF(p,-)U(fi). The key characteristics of
i=1

this general maximization model are: (1)
a holistic evaluation of alternatives,! (2)
separable transformations on probabilities
and outcomes, and (3) an expectation-type
operation that combines probabilities and
outcomes multiplicatively (after certain
transformations).

Within this general EU model different
variants exist depending on (1) how utility
is measured, (2) what type of probability
transformations F(-) are allowed, and (3)
how the outcomes x; are measured. In this
section we examine some of the major
variants, including their extra-mathemati-
cal interpretations. We start with some
background information on EU theory as
traditionally understood. Thereafter the
neoclassical notion of cardinal utility is
compared with the modern day one. Spe-
cial attention is given to the ways in which
EU theory can be cardinal. Finally the
concept of probability is discussed, both
in terms of its ontology and its treatment
in various EU models. The section con-
cludes with a summary table listing the
major EU variants.

a. Background Information

The mathematical form of expected
utility theory goes back as far as Gabriel
Cramer (1728) and Daniel Bernoulli
(1738), who sought to explain the so-called
Petersburg paradox. The issue they ad-
dressed was why people would pay only
a small dollar amount for a game of infinite
mathematical expectation. This well-
known game involves flipping a fair coin
as many times as is necessary to produce
“heads” for the first time. The payoff of
this experiment depends on the number

1 A holistic model is one in which the attractiveness
of an alternative is evaluated independently of the
other alternatives in the choice set. In contrast, a
non-holistic or decomposed model directly compares
alternatives, e.g., one dimension at a time, without
assigning a separate utility level to each.
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of tosses required to get heads. Say this
number is n, the payoff will then be $27,
which means the game has many possible
outcomes, namely: $2, 4,8, . . . , 2", with
probabilities ¥, Y4, ¥, . . . , (Y2)*, respec-
tively. Interestingly, the expected mone-
tary value (EV) of this gamble is infinite,

since 3 (%)"27 = o,
n=1

To explain why most people value this
infinite EV game below $100, or even $20,
Bernoulli proposed that people maximize
expected utility rather than expected
monetary value. The utility function U(x)
he proposed was logarithmic, exhibiting
diminishing increases in utility for equal
increments in wealth.2 Bernoulli then pro-
ceeded to show that for a logarithmic
function the game’s expected utility, i.e.,
3(¥%)"log.(27), is indeed finite.? However,
he did not address the issue of how to mea-
sure utility, nor why his expectation prin-
ciple would be rational. As such, Bernoul-
li’s theory is mostly a descriptive model,
even though the expectation principle at
the time may have enjoyed much face va-
lidity normatively. It was not until John
von Neumann and Oskar Morgenstern
(1944) that expected utility maximiza-
tion was formally proved to be a rational
decision criterion, i.e., derivable from
several appealing axioms. In their own
words they “practically defined numeri-
cal utility as being that thing for which
a calculus of expectations is legitimate”

2The exact function proposed by Bernoulli was
U(x) = blog[(a + x)/a]. Note that dU(x)/dx =
b/(a + x), which is inversely proportional to wealth.
Also, d2U(x)/dx? < 0. Bernoulli’s logarithmic func-
tion was later suggested by Gustav Fechner (1860)
for subjective magnitudes in general.

3 A proof of the convergence of this infinite series
is offered in my book on expected utility experiments
(1980, p. 12). Note that the certainty equivalence
of this game, i.e., the amount ce for which U(ce) =
2(%)"U(2"), will be finite for many other concave
utility functions as well, although not for all. The
same holds for the maximum bid (m) one would pay
for the Petersburg game, which is determined from
the equation U(0) = 2(%)"U(2" — m).

(1944, p. 28). In this sense, von Neumann-
Morgenstern (NM) utility theory is quite
different from Bernoulli’s conceptualiza-
tion. Moreover NM utility applies to any
type of outcomes, money being a special
case.

Specifically, von Neumann and Mor-
genstern proved that five basic axioms im-
ply the existence of numerical utilities for
outcomes whose expectations for lotteries
preserve the preference order over lotter-
ies: i.e., greater expected utility corre-
sponds to higher preference. Their utility
function is unique up to positive linear
transformations, meaning that if the func-
tion U(x) represents a person’s risk pref-
erences then so will U*(x) if and only if
U*(x) = aU(x) + b for numbers a > 0
and b. Jacob Marschak (1950) reformu-
lated the NM axioms and proof, and pro-
posed them as a definition of rational be-
havior under risk. In light of later
discussions, the NM axioms are informally
stated below.

1. Preferences for lotteries L; are
complete and transitive. Com-
pleteness means that for any
choice between lotteries L, and L,
either L, is preferred to L, (de-
noted Ly L), Ly L, orbothare
equally attractive. Transitivity im-
plies that if L1 Lz and L2 L3
then L; L3 (where denotes “at
least as preferred as™).

2. If x4 x2 x3, then there exists
some probability p between zero
and one such that the lottery

1f<x1 is as attractive as receiv-

P,
ing x, for certain.

3. If objects x; and x, (being either
risky or riskless prospects) are
equally attractive, then Ilottery

p__x, Xy .
ﬁxa and lottery #xs will

also be equally attractive (for any
values of p and x3).
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X1

P
4. Consider the lotteries L1§
2
q
and L, 1< " which differ only

2

in probability. If x; >x, then the
first lottery (L,) will be preferred
over the second (Lj) if and only
if p > q.

5. A compound lottery (i.e., one
whose outcomes are themselves
lotteries) is equally attractive as the
simple lottery that would result
when multiplying probabilities
through according to standard
probability theory. For example,
lottery

1-p X3
“1'_<TX4
should be as attractive as

rq X1
pa—aq)—

(1=p)r

(1~p) (=724

The above axioms are sufficient to guar-
antee that there exists a utility index such
that the ordering of lotteries by their ex-
pected utilities fully coincides with the
person’s actual preferences.* Note that
utility, in the NM context, is used to repre-
sent preferences whereas in neoclassical
theory it determines (or precedes) prefer-
ence. Since U(x) is unique up to positive
linear transformation one is free to choose

4 A highly readable proof of this important theo-
rem was provided by William Baumol (1972, p. 548-
51). Alternative sets of axioms, resulting in the same
general theorem, have been presented by Israel N.
Hernstein and John Milnor (1953), Leonard Savage
(1954), Duncan Luce and Howard Raiffa (1957), John
Pratt, Raiffa and Robert Schlaifer (1964) and Peter
Fishburn (1970).
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both the origin and the unit of measure-
ment of the utility scale. For example, we
may arbitrarily place the origin at $10 (i.e.,
U(10) = 0), and set U(10,000) equal to say
100 utiles. Given these two reference
points, the utility index is constructed
from such simple questions as: “What
amount for certain is equally attractive as
a 50-50 lottery offering $10 or $10,000?
Say the answer is $x*, we then compute
U(x*) as being equal to .5U(10) +
.5U(10,000) = 50 utiles. As long as the ref-
erence lottery contains amounts for which
the utilities are known, new utility points
can be obtained through which a utility
function may then be interpolated.

An important concept in EU theory is
that of risk aversion. If some gamble is
less (or more) preferred than its expected
monetary value for sure, the preference
is said to be risk-averse (or risk-seeking).
A concave utility function implies risk-
averse preferences for lotteries within the
range of concavity: i.e., their certainty
equivalences will be less than their ex-
pected monetary values. Kenneth Arrow
(1971) and John Pratt (1964) proposed as
a local measure of risk-aversion for U(x)
the negative ratio of the second to first
derivative, i.e., —U"(x)/ U’ (x). This mea-
sure is invariant under linear transforma-
tion, and assumes a constant value for lin-
ear and exponential utility functions. As
such it captures the important EU prop-
erty that risk preferences derived from
exponential (or linear) utility functions are
not affected by changes in the persons
wealth position.’

5 Further discussions of expected utility theory,
particularly from an applied perspective, can
be found in Raiffa (1968) and in Chapter 4 of
Ralph Keeney and Raiffa (1976). In subsequent
chapters these authors extend the one-dimensional
theory to n-dimensions, in which case the deter-
mination of U(xy,xs, . . . , x») is considerably more
complicated. Also, the concept of risk-aversion is less
well-defined in the multiattribute case (Scott Richard,
1975).
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b. Types of Cardinal Utility

As Peter Fishburn (1976) has noted, the
concept of cardinal utility has psychologi-
cal, empirical as well as measurement-the-
oretic aspects which together with such
related terminology as “measurable,” “ad-
ditive,” “determinate,” “intensive,” and
“linear” utility has given rise to considera-
ble confusion as to its precise meaning.
The term “cardinal utility” goes back to
John R. Hicks and R. G. D. Allen (1934)
who argued that only ordinal preference
was needed in economic theory, thereby
dispensing with neoclassical utility (Vivian
Walsh, 1970). Cardinal utility in the neo-
classical context refers to strength of pref-
erence, i.e., to statements about intensity
as well as direction of preference. From
a measurement-theoretic viewpoint, car-
dinal utility has a rather different mean-
ing, referring to the allowable transforma-
tions of the underlying measurement
scale. If the scale is unique up to at least
linear transformation, it constitutes cardi-
nal or so-called strong measurement
(S. S. Stevens, 1946). Common examples
are temperature and weight measures
which constitute interval and ratio scales
respectively. From a measurement per-
spective NM utility theory is cardinal in
that its utility scale has interval properties.
However, from a preference perspective,
NM utility theory is ordinal in that it pro-
vides no more than ordinal rankings of
lotteries.

The cardinal nature of NM theory must
thus be interpreted -carefully. Even
though NM utility functions are interval
scales, implying that the ratios of utility
differences are invariant under linear
transformations, it does not follow that if
X1 >%X2 >%3 >x4 and u(x1) — u(x2) > u(xs)
— u(x,), the change from x to x; would
be more preferred than the change from
x4 to x3 (Duncan Luce and Raiffa, 1957,
p. 32). Thus NM utility should not be in-
terpreted as measuring strength of prefer-
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ence under certainty, being quite differ-
ent in this regard from neoclassical
cardinal utility (George Stigler, 1950).6
One reason is that preferences among lot-
teries are determined by at least two sepa-
rate factors; namely (1) strength of pref-
erence for the consequences under
certainty, and (2) attitude toward risk. The
NM utility function is a compound mix-
ture of these two, without direct resort
to interval comparisons or strength of
preference measures. As a preference the-
ory, it is wholly ordinal. Nevertheless it
implicitly assumes that a neoclassical type
of utility exists, otherwise it would not be
possible psychologically to determine the
certainty equivalence of a lottery. An in-
teresting analysis as to the connection be-
tween ordinal and cardinal utility was of-
fered by Eugene Fama (1972). Since some
economists consider intensity of prefer-
ence meaningless (Charles Plott, 1976, p.
541), putatively because it cannot be mea-
sured from revealed preferences, it merits
closer examination.

One approach is to view strength of
preference as an intuitive psychological
primitive. For instance, most people
would consider it meaningful to say that
the increase in pleasure due to adding
milk to one’s coffee is of a lower magni-
tude than the pleasure increment associ-
ated with a sizable salary raise. Similarly,
someone might note that the last hour on
some trip was more tiring than the first.
Indeed, in psychological scaling experi-
ments subjects routinely make interval
comparisons involving such quantities as
loudness, weight, temperature, and
brightness (Stevens, 1957). Usually, sub-
jects’ perceptions of the interval differ-

¢ Consequently, the notion of marginal utility has
a rather different meaning in NM theory as well.
In classical economics marginal utility refers to plea-
sure increments under certainty. In NM theory it
refers to “the marginal rate of substitution between
x and the probability of winning the prespecified
prize of the standard lottery ticket” (Baumol, 1972,
p. 548).
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ences correspond very closely (in the
curve fitting sense) to the true underlying
scale, after appropriate logarithmic or
power transformations. The latter are nec-
essary as the human response system
tends toward relative rather than absolute
judgments (Gustav Fechner, 1860). It is
thus a small leap to presume a similar
judgment capability for strength of pref-
erence, even though objective verification
is not yet possible.

Gerard Debreu (1959), D. Scott and Pat-
rick Suppes (1958), Ragnar Frisch (1964),
Frantz Alt (1971), and others, proposed
various axiomatizations of such a strength
of preference measures under certainty,
which we shall denote by v(x). Its essential
property is that the function provides or-
dinal preference as well as an ordering
on differences (under certainty). Thus,
v(x1) > v(xs) implies that x; is preferred
to x2, and o(x1) — v(x2) > v(x3) — v(x4)
implies that the value difference between
x1 and x, is greater than that between
x3 and x4 (Where x3 is preferred to x,).
David Krantz, et al., (1971, pp. 145-50)
review the formal properties of this so-
called positive-difference structure. Oper-
ationally, it may rely on the so-called mid-
point scaling technique, which requires
respondents to split intervals into equally
valued increments (Warren Torgerson,
1958).

A different measurement approach is to
infer v(x) from revealed preferences, pro-
vided certain conditions hold. By intro-
ducing a second attribute, say y, it may
be asked how much of y, (the initial y
endowment) the respondent would give
up to go from x; to x;. From such willing-
ness-to-pay questions a multidimensional
interval-scaled function W(x, y, z) can be
constructed via conjoint measurement
(Luce and John Tukey, 1964), with z de-
noting the set of other relevant attributes.
If W(x, y, z) is separable in x, meaning
it can be written as f(v(x),w(y,z)), and if
8 W/bx is independent of y and z, then
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v(x) may be considered an intrinsic pref-
erence measure for x. These conditions
are met, for example, if W(x, y, z) is addi-
tive, i.e., expressable in the form o(x) +
wi(y) + wa(z). However, a direct empiri-
cal test that 8 W/8x is independent of y
and z may require another (i.e., non-
tradeoff) measure of strength of prefer-
ence (David Bell and Raiffa, 1979). If so,
we are back to our first approach, leaving
introspection as the only likely way out
of this vicious circle (Fishburn, 1970, p.
82). Various other operational measures
exist for intensity of preference, which
were recently examined by John Hauser
and Steven Shugan (1980). Their study
consists of theoretical and empirical analy-
ses, with a focus on marketing applica-
tions.

There are several advantages in distin-
guishing cardinal utility measures con-
structed under certainty, denoted v(x),
from those constructed under risk, de-
noted u(x). First, it emphasizes that there
exist different types of cardinal utility,
even within each category, which only
have to be related monotonically. (See
Amos Tversky, 1967, for empirical exam-
ples.) Second, by examining u(x) = f(v(x)),
an Arrow-Pratt type measure of intrinsic
risk aversion may be defined and empiri-
cally measured, namely —f"(v(x))/ f'(v(x))
(Bell and Raiffa, 1979). Third, the con-
struction of u(x) may be simplified by first
examining the nature of v(x), especially
in the case of multiattribute utility. For
example, Detlof von Winterfeldt (1979)
proved that u(xy,. . . , x,) must be either
linearly, logarithmically or exponentially
related to v(xy, . . . , x,) in case the for-
mer is additive and the latter multiplica-
tive (see also: James Dyer and Rakesh Sa-
rin, 1979a). Similar relationships between
riskless and risky cardinal utility were re-
cently examined by Bell and Raiffa (1979)
and Dyer and Sarin (1982) for one-dimen-
sional cases (see also: Sarin, 1982). Dyer
and Sarin (1982) proposed a fourth reason
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for separating v(x) and wu(x): namely,
group decision making. In an organiza-
tional context it may be desirable only to
have members’ inputs regarding their
v(x) functions, but not their risk attitudes
(which might be centrally determined).
Finally, cardinal utility under certainty
may be useful for welfare theory (Dyer
and Sarin, 1979b), although it seems to
suffer as well from impossibility theorems
(T. Schwartz, 1970).

The distinction between v(x) and u(x),
denoting cardinal preference scalings un-
der certainty and risk, respectively, is of-
ten overlooked or has been a source of
considerable confusion, even among ex-
perts. During the beginning of the 1950s,
The Economic Journal and Econometrica
published a variety of articles debating the
cardinality of NM utility (e.g., Herman
Wold, 1952 and Armen Alchian, 1953).
Amid considerable confusion, lucid analy-
ses were offered by Robert Strotz (1953),
Daniel Ellsberg (1954) and John S. Chip-
man (1960). Ellsberg compared how such
classical utilitarians as William Stanley Jev-
ons, Carl Menger, Leon Walras or Alfred
Marshall might have predicted choice un-
der risk with the approach taken by NM.
The difference lies in the way the utility
function is constructed: namely, under
certainty or risk. Which expectation
model will predict better is an empirical
question. An important difference, how-
ever, is that the E[v(%)] model has no nor-
mative justification other than its face va-
lidity, whereas the E[u(%)] model derives
from a set of appealing decision axioms.
It is my interpretation that Bernoulli pro-
posed the v(x) type expectation model,
although he never explicitly addressed the
measurement question.

The above discussion on cardinal utility
was provided because, even today, the dis-
tinction between ov(x) and u(x) is often
unrecognized. Textbooks in economics
and management science occasionally dis-
cuss the NM function as if it only measured
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intrinsic pleasure under conditions of cer-
tainty. For example, a concave u(x) might
erroneously be interpreted as implying
that equal increments in money (under
certainty) contribute to utility at a de-
creasing rate. Of course, v(x) is confused
here with u(x). Apart from textbook con-
fusions, the above distinction is occasion-
ally not recognized in research designs.
For example, in a study of simulated real-
life decisions, such as whether or not
to enroll in a Ph.D. program, Thomas
Bonoma and Barry R. Schlenker (1978)
considered subjects suboptimal if they did
not maximize 3 p;v(x;); what these au-
thors should have tested, in making such
normative evaluations of risky choices, is
whether 3 p;u(x;) was maximized.

To summarize, v(X¥) was defined as
an interval-scaled utility measure con-
structed under conditions of certainty,
similar to neoclassical utility except that
no ratio properties are presumed. In con-
trast, u (%) is a cardinal NM utility measure
derived from preferences among lotteries.
These two utility functions only need to
be monotone transforms of each other.
Thus when presented with different com-
modity bundles % under certainty, v(x)
and u(X) should yield the same ordering
for a person satisfying the axioms underly-
ing either construct. However, when pre-
sented with risky prospects %; the formally
correct ordering is determined from
E[u(%)], which will generally differ with
that obtained from E[v(%;)] unless v(x) is
a linear transform of u(x). Finally to obtain
an interval ranking of the risky prospects
%;, the E[u(%)] could be inverted into
their certainty equivalents CE; which
might then be interval ranked by comput-
ing v(CE;).

c. The Concept of Probability

Other potentially confusing aspects of

the expected utility model concern the

treatment of probabilities. In the NM ax-
iom system probability is considered a
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primitive whose values are objectively
given. Empirically, however, the notion
of probability is problematic, both philo-
sophically as well as practically. To illus-
trate this let us briefly identify four major
schools of probability and their limitations.
The first is the classical view of Pierre La-
Place (1812), who defined probability as
the number of elementary outcomes fa-
vorable to some event divided by the total
number of possible elementary outcomes.
Since these elementary outcomes must all
be equally likely (i.e., have the same prob-
ability), LaPlace’s definition suffers from
circularity. Moreover, this view cannot
easily handle infinite outcome spaces, and
is practically limited to well-structured
uncertainties.

Jacques Bernoulli (1713), a relative of
Daniel, had earlier evaded this circular
definition by distinguishing the concept
from its measurement. He defined proba-
bility as a “degree of confidence” which
for a given event may vary from person
to person. Nevertheless, he considered the
art of guessing (Ars Conjectandsi) to consist
of precise estimation of unknown proba-
bilities, for instance by studying objective
frequencies. This frequency approach was
later placed on an axiomatic footing by
John Venn (1866), Hans Reichenbach
(1935), and Richard Von Mises (1957,
1964) who defined probability as the limit-
ing value of the percentage of favorable
outcomes in an infinite sequence of inde-
pendent replications. The limitations of
this view are at least three-fold. First,
probability is never exact numerically, be-
ing at best a large sample estimate. Sec-
ond, it is often unclear what sample space
to use. For instance, when taking a plane
trip is the objective probability of crashing
determined by all previous flights, or only
those by that carrier, with that type of
airplane, in that season, etc.? Third, the
notion of exact replication is problematic.
If a coin toss is replicated perfectly, it
should always yield the same outcome.

Journal of Economic Literature, Vol. XX (June 1982)

This raises questions about the locus of
uncertainty; i.e., whether it is internal or
out in the world. The answer depends on
one’s world-view; for some people deter-
minism may rule out true randomness (its
only source being imperfect knowledge),
whereas others might argue in favor of
irreducible uncertainty: e.g., Heisenberg’s
uncertainty principle in physics (R. B.
Lindsay, 1968).

A third attempt to define probability ob-
jectively is the so-called logical school of
John Maynard Keynes (1921) and Harold
Jeffreys (1948). These authors argued that
a given set of evidence bears a logical,
objective relationship to the truth of some
hypothesis (e.g., someone being guilty),
even when the evidence is inconclusive.
Probability measures the strength of this
connection as assessed by a rational per-
son. Since all three of the above views
have appealing aspects various attempts
have been made to reconcile them. Rudolf
Carnap (1962, 1971) developed a formal
theory of a coherent learning system
(along Bayesian lines), which merges ob-
jective and subjective views. Glenn Shafer
(1976) on the other hand, proposed a rec-
onciliation by formally distinguishing dif-
ferent types of probability, emphasizing
the essential difference between aleatory
probability and degree of belief. This lat-
ter epistemic concept is fundamental to
the subjectivists, the fourth school to be
mentioned.

The subjective or personal school of
probability was primarily developed by
Frank Ramsey (1931), Bruno de Finetti
(1937, 1974), Leonard Savage (1954), and
Pratt, Raiffa and Schlaifer (1964). In their
view, probabilities are degrees of beliefs,
applicable to both repetitive and unique
events such as a third world war. For a
given set of hypotheses, any assignment
of subjective probabilities is permissible
in principle, provided some consistency
requirements are met. In contrast to other
schools, these conditions are viewed as suf-
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ficient (as well as necessary), without addi-
tional restrictions being imposed for logi-
cal or empirical reasons. The main
consistency axiom of subjective probabil-
ity theory is coherence (de Finetti, 1937).
Informally, it requires that for a given be-
lief system, it should not be possible for
a clever bookmaker to lay multiple fair
bets so that the bookmaker wins under
all possible outcomes. This axiom (to-
gether with some others) implies that the
probabilities of elementary events sum to
one, and that conjunctive and disjunctive
events follow the product and addition
rules respectively. As such, subjective
probabilities are mathematically indistin-
guishable from other types of probability.
The subjective school developed measure-
ment procedures for the simultaneous es-
timation of utility and probability as based
on revealed preferences (Donald David-
son and Suppes, 1956).

The important point is that probability
is not a simple construct (Henry Ky-
burg and Howard Smokler, 1964). Its
measurement is obviously difficult in real-
world settings, but may even be so in sim-
ple games of chance (Davidson, Suppes
and Sidney Siegel, 1957). To distinguish
subjective from objective probability, it
shall be denoted by f(p). The f{-) transfor-
mation signals that the probabilities to be
used in EU model may differ from the
stated or objective ones assumed by the
researcher. However, not all f(p;) trans-
formations satisfying the properties of
probability (such as = f(p;) = 1) should
be viewed as degrees of belief. In the liter-
ature, f(p;) transformations have been
proposed to reflect risk-taking attitudes
(Jagdish Handa, 1977), to explore symme-
try between the probability and outcome
component in expectation models (Hans
Schneeweiss, 1974), to reflect probability
and/or variance preference (Edwards,
1954a and 1954b), or simply to fit data
under the assumption that preferences
are non-linear in probability (John Quig-
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gin, 1980). Although these various models
are commonly referred to as Subjective
Expected Utility theory (SEU), the f(p:)
transformation may not strictly be degree
of belief measures.

Apart from transformations that do pre-
serve the properties of mathematical
probability, various theories exist where
this requirement is relaxed. In Table 1
such probability transformations are de-
noted by w(p;), and will be called decision
weights. To quote Daniel Kahneman and
Tversky (1979, p. 280), “decision weights
are not probabilities: they do not obey the
probability axioms and they should not be
interpreted as measures of degree of be-
lief.” In prospect theory (Kahneman and
Tversky, 1979) decision weights are aimed
at reflecting the impact of events on the
overall attractiveness of gambles. As such
they are monotonic with probability, but
not necessarily linear.

To summarize, there are several ways
that utility and probability have been
treated in EU models. Systematic combin-
ing of the different transformations dis-
cussed yields nine EU variants, which are
shown in Table 1 together with their
names and main originators.” Note that
this table focuses on the allowable proba-
bility and outcome transformations of the
various models. However, there are other
differences as well. For example, in pros-
pect theory the outcomes x; are defined
on changes in financial position rather
than on final asset position. Moreover, in
descriptive models the outcome space
may include such dimensions as regret,
justifiability of one’s choice, etc. Most of
the models listed were advanced as de-
scriptive ones, with the exception of von
Neumann-Morgenstern and Savage. It is

7The subjective expected utility (SEU) model is
also encountered outside the context of monetary
bets. Victor Vroom’s (1964) expectancy theory of
work motivation shows formal parallels to EU theory,
as do theories in learning, attitude formation, and
personality development (Edward Lawler, 1973).
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these normative variants, especially NM
theory, we henceforth refer to when
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speaking of EU theory:

TABLE 1
NINE VARIANTS OF THE
ExPECTED UTILITY MODEL

von Neumann-Morgenstern Expected Utility (1947)
Certainty Equivalence Theory (Schneeweiss,

Subjective Expected Utility (Edwards, 1955)

Prospect Theory (Kahneman and Tversky, 1979)

1. 2 pix; Expected Monetary Value
2. 3 pio(x;) Bernoullian Expected Utility (1738)
3. 2 piu(x)
4. Zflpi)x
1974; Handa, 1977; de Finetti, 1937)
5. 2 flps)v(x:)
6. = f(pi)u(x;) Subjective Expected Utility (Ramsey, 1931;
Savage, 1954; Quiggin, 1980)
7. 2 w(p)x Weighted Monetary Value
8. X w(pi)v(x)
9. 2 w(pi)u(x)

Subjectively Weighted Utility (Uday Karmarkar, 1978)

Note: v(x) denotes an interval scaled utility measure constructed under certainty; u(x) denotes

one constructed via lotteries.

III. Purposes of the EU Model

Generally, it would be inappropriate to
assess the acceptability of an optimality
model without an explicit prior statement
of its purposes. If models are defined as
simplified representations of reality, they
should not and cannot always be true.
Models, by their nature, balance costs such
as complexity, prediction error, domain
specificity, with various benefits such as
simplicity, prediction power, generality,
etc. Consequently, we should evaluate a
model according to its stated objectives.
We shall distinguish four essentially differ-
ent purposes that the EU model can serve.

First, EU theory may be used descrip-
tively to model the decision processes un-
derlying risky choice. Descriptive models
are concerned with, and tested by more
than prediction alone. Evidence concern-
ing the validity of the underlying axioms
would be relevant, as would the manner
in which information is processed. The lat-
ter may include: (1) how stimuli are at-

tended to, encoded and stored; (2) how
information is searched for and retrieved
from memory, (3) how stimuli are aggre-
gated or decomposed (i.e., comprehended
and integrated), and (4) how value con-
flicts are resolved when choice is exercised
(James Bettman, 1979).

A second usage, dominant in economics
and finance is to view the EU model as
predictive or positivistic. Realism of its
axioms and postulated computational
mechanism are not important within the
positivistic view. What matters is whether
the model offers higher predictive accu-
racy than competing models of similar
complexity. According to Milton Fried-
man (1953) and Fritz Machlup (1967), two
leading exponents of the positivistic view,
(economic) theories should be tested on
their predictive ability rather than the de-
scriptive validity of their assumptions.
Hence direct violations of EU axioms are
not particularly disturbing. What counts
is whether the theory, in its capacity of
an “as if” model, predicts behavior not
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used in the construction of the model. In
that case, empirical findings of field stud-
ies and realistic laboratory studies are es-
pecially relevant. However, in such stud-
ies the evidence counter to EU theory can
often be refuted because it is indirect.

For instance, in field studies assump-
tions need to be made about the values
of various parameters (e.g., costs, tax rates,
probabilities, etc.) as well as the form of
U(x). If the data are inconsistent with cer-
tain of these prior assumptions, another
set of parameters can usually be found,
ex post facto, that fit the data better. To
illustrate, when Peter Pashigian, Law-
rence Schkade and George Menefee
(1966) concluded that consumers did not
act in accordance with EU theory because
they bought expensive low-deductible
policies for collision in automobile insur-
ance, John Gould (1969) countered that
the data were in fact consistent with cer-
tain types of sufficiently risk-averse expo-
nential utility functions. The presumed in-
compatibility only applied to quadratic
and logarithmic utility functions. The
question therefore arises, within the posi-
tivistic view, to what extent the EU hy-
pothesis is falsifiable. The most irrefutable
evidence, which directly concerns the axi-
oms, is discounted in positive economics.
On the other hand, the evidence that is
admissible (e.g., actual decision making in
the real world) often suffers from lack of
controls, multiple interpretations, and
measurement problems regarding key
constructs (e.g., probabilities). Some exam-
ples are provided later in the context of
the capital asset pricing model in finance
and studies on the effect of pension plans
on private savings.

Nevertheless, the distinguishing feature
of a positive theory is that it yields hypoth-
eses that are falsifiable in principle: i.e.,
they meet Karl Popper’s (1968) so-called
demarcation criterion. The latter requires
that a theory specifies clearly and a priori
the conceivable empirical results which
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support it and those which refute it (with-
out the latter set being empty). To distin-
guish between those researchers who
allow falsification of the EU model in prin-
ciple, and those who regard the optimality
of economic behavior as an essentially un-
falsifiable meta-postulate, we might distin-
guish a third purpose of EU models, which
I shall refer to as postdictive. The essential
premise of the postdictive EU view is that
all observed human behavior is optimal
(in the EU sense), provided it is modeled
in the appropriate manner. Seeming sub-
optimalities are explained, ex post facto,
by introducing new considerations (e.g.,
costs, dimensions, constraints, etc.) that
account for the anomalies, so as to make
them optimal. From this perspective, sat-
isficing (Herbert Simon, 1955) is just a
more general type of optimizing, includ-
ing such factors as the cost of information,
decision time, constraints, and cognitive
effort. It is the latter degrees of freedom,
however, that may make the postdictive
approach tautological: i.e., non-empirical
and non-falsifiable (for a different view see
Lawrence Boland, 1981).

Many economists have acknowledged
the postdictive perspective in economics,
some with sorrow and some with pride.
For instance, Tibor Scitovsky (1976) re-
marked that the concept of utility maxi-
mization “set back by generations all sci-
entific inquiry into consumer behavior, for
it seemed to rule out—as a logical impossi-
bility—any conflict between what man
chooses to get and what will best satisfy
him” (p. 4). Gary Becker (1976) on the
other hand views this as a strength; he
acknowledges the potential for tautology
or circularity in economics, especially if
unobservable transaction costs are permit-
ted ex post: “of course, postulating the ex-
istence of costs closes or ‘completes’ the
economic approach in the same, almost
tautological, way that postulating the exis-
tence of (sometimes unobserved) uses of
energy completes the energy system and
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preserves the law of the conservation of
energy the critical question is
whether a system is completed in a useful
way” (p. 7), i.e., whether it yields “a bun-
dle of empty tautologies” or provides the
basis for predicting behavioral responses
to various changes.

The challenge of the postdictive view
is to look at the available data in a coher-
ent way that highlights the optimality of
human behavior (e.g., Becker, 1976).
Whether such an exercise is trivial or a
masterly craft depends on the degrees of
freedom one allows. The possible respeci-
fications of a particular model are of
course not arbitrary and must gain the ap-
proval of fellow practitioners. Further-
more, most model respecifications imply
testable predictions. However, if these
testable predictions were also not to hold,
additional respecifications would be
sought until all relevant past (i.e., ob-
served) behavior would be accourited for
as indeed being optimal. It is in this sense
that the perspective is ex post. A major
limitation of the postdictive view is that
ex post empirical models may have lim-
ited refutation power regarding the corre-
sponding theoretical ex ante model. The
Sharpe-Lintner capital asset pricing
model in finance (see Fama, 1976) is a case
in point. Its main hypothesis of a linear
relationship between a security’s return
and the market’s return has evoked nu-
merous empirical studies. However, this
hypothesis presumes that the market port-
folio has minimum variance for its level
of expected return (i.e., is mean-variance
efficient). Since the market portfolio in-
cludes all assets (financial and otherwise)
it is in reality unknowable, making empiri-
cal tests very difficult if not impossible
(Richard Roll, 1977).

This is not to say, however, that closed
systems are without merit. The postdic-
tive view resembles the natural sciences
in their ex post search for optimality prin-
ciples, some of which have proved most
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valuable. For instance, when Pierre Fer-
mat suggested (c. 1650) that light travels
the path of the shortest distance in time,
he not only derived Willebrord Snel’s re-
fraction law in optics (which was his origi-
nal intent), but also suggested a host of
new hypotheses quite unrelated to the re-
fraction law. Many of these hypotheses
were subsequently verified empirically,
dealing with relative velocities of light in
different media and the behavior of light
in convergent lenses. Two centuries later,
William Hamilton generalized and ele-
vated the least effort principle to a corner-
stone theorem in theoretical physics. Simi-
larly, in biology optimality principles
abound, ranging from homeostasis (i.e.,
minimization of the divergence between
actual and desired states) to optimal adap-
tation (Robert Rosen, 1967; M. Cody, 1974
or J. Maynard Smith, 1978). Elsewhere I
examined optimality principles in more
detail (1982), and concluded that their
main advantages are: (1) elegance, (2) par-
simonious summary of empirical knowl-
edge, and (3) high metaphoric value in
generating new hypotheses. The disad-
vantages, on the other hand, are that the
optimality approach (1) encourages search
for confirming rather than disconfirming
evidence, (2) often fails to acknowledge
its ex post nature, and (3) may be more
reflective of analytical than empirical
truths. Thus, when sociobiology (Edward
Wilson, 1975) broadly claims to have es-
tablished that the existing structures in
human and animal societies benefit the
stronger genes, Richard Lewontin (1979)
justifiably highlights the difficulty of defin-
ing such key terms as “favorable traits,”
“ecological niche” and “strong genes,” in-
dependently of knowing evolution’s out-
comes. Similarly, when economics ex-
pands its claim of optimal choice behavior
into new and broad domains of human
activity (e.g., Gary Becker, 1976), or even
animal behavior, the tautological nature
of these models (in the sense of ad hoc,
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ex post rationalization) may well increase
accordingly.® It is beyond our scope to ex-
amine further the merits of positivistic
and postdictive perspectives as they entail
complex epistemological issues. Penetrat-
ing analyses on this topic were recently
offered in books by Alexander Rosenberg
(1975) and Mark Blaug (1980).

Finally, there exists a fourth perspective
according to which EU theory is a pre-
scriptive or normative model. Decision
analysts and management scientists (im-
plicitly) assume that human behavior is
generally suboptimal. Their goal is to im-
prove decisions (prescriptive), for instance
by using EU theory (normative). If so, the
theory serves to advise which alterna-
tive(s) to select in complex decision situa-
tions on the basis of the decision maker’s
basic tastes and preferences. As outlined
earlier these basic risk preferences are
captured through a NM utility function.
The complex options are then rank-or-
dered on the basis of expected utility.

Each of the four EU purposes discussed
above has its constituents, who would in-
terpret empirical evidence on the EU
model differently. For instance, evidence
on axioms is relevant to the descriptive
and prescriptive usages whereas predic-
tions, preferably about real-world behav-
ior, matter to the predictive or postdictive
views. A complicating feature of the EU
model as employed in economics and fi-
nance (e.g., Peter Diamond and Roth-
schild, 1978) is that the assumption of EU
maximization may have the following
three important qualifiers. First, the the-
ory is usually restricted to decisions that

8 This is not to say that economic animal experi-
ments advance non-falsifiable hypotheses. For in-
stance, Raymond Battalio, et al. (1981) found in their
experiments that pigeons engaged in insufficient sub-
stitution when compared to the Slutsky-Hicks the-
ory. However, in some respecified model the ob-
served behavior might well be “optimal.” My
concern is with the meta-postulate that all animal
behavior is in some sense optimal, as this may lead
to empirically vacuous theories.

are important economically. Evidence on
hypothetical decisions might thus be dis-
missed on grounds of having no significant
economic consequence to the decision
maker. Second, since the concern in eco-
nomics is with market rather than individ-
ual behavior, only those individuals trad-
ing at the margin need to be EU
maximizers. For instance, in busy traffic
only a small portion of highway drivers
need to change from slower to faster lanes
(a type of arbitrage) for the lanes to move
at the same speed eventually. Thus it often
requires only a few rational persons for
the market as a whole to behave ratio-
nally. Third, in economics, EU maximiza-
tion is mostly assumed in competitive en-
vironments, where feedback enables
people, over time, to improve their behav-
ior. Hence, some history of learning and
struggle for economic survival are often
assumed for the EU model as used in fi-
nance and economics (Alchian, 1950; Sid-
ney Winter, 1964 and 1971).

IV. Empirical Evidence

In recognition of the various purposes
served by EU models, the present over-
view of empirical evidence is organized
around four different approaches. Al-
though some research studies could prop-
erly be discussed under several of these,
they are mostly treated under just one cat-

egory.
a. Tests of EU Axioms

The first EU axiom has two components:
(1) for any choice people have a definite
preference (including indifference), and
(2) preferences are transitive. In one of
the first empirical tests of the EU model
(1951) Frederich Mosteller and Philip No-
gee found, however, that subjects on re-
peated measures of preference would not
always give the same answers. They subse-
quently conducted their research assum-
ing stochastic rather than deterministic
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preferences. Concerning the transitivity
axiom, Tversky (1969) examined some
conditions under which it might be vio-
lated. The axiom has a deterministic and
stochastic form: in the former it states that
A B and B C implies A C. In its
(weak) stochastic form it asserts that if
the probability that A B, denoted
P(A B),isatleast %2, and P(B C) 2 %,
then P(A C) > Y. Violations of stochastic
transitivity cannot be attributed to ran-
dom error.

In two separate experiments, one deal-
ing with gambles, the other with college
applicant decisions, Tversky (1969)
showed systematic and predictable viola-
tions of weak stochastic transitivity. The
violations are likely to occur if subjects
use evaluation strategies involving com-
parisons within dimensions: e.g., first com-
paring price, then quality, then size, etc.
The strategy Tversky examined is the so-
called additive difference model in which
an alternative ¥ = (x;, . . . , %) is pre-
ferred to ¥ = (Y1, . . . , yn) if and only

if ig"l éilui(x:) — us(y)] = 0. The u; func-

tions measure the subjective values of the
various attributes, and the ¢; are increas-
ing continuous functions determining the
contribution of each subjective difference
within dimension i to the overall evalua-
tion of the alternatives. Tversky proved
analytically that for n > 3, transitive
choices are guaranteed under the additive
difference rule if and only if the ¢; are
linear, which is a rather severe restric-
tion.

The second EU axiom (combined with
that of transitivity) implies that a lottery
offering outcomes A and B should have
an attractiveness level intermediate to
those of A and B. This in-betweenness
property was experimentally tested by
Clyde Coombs (1975). Subjects were
asked to rank three gambles A, B, and C
in order of attractiveness, where C was
a probability mixture of A and B. For ex-
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ample, if A offers a 50-50 chance at $3
or $0, and gamble B offers a 50-50 chance
at $5 or $0, then a 40-60 mixture of A
and B, called gamble C, would offer out-
comes of $5, $3 and $0 with probabilities
.3, .2 and .5 respectively. According to the
EU axioms, gamble C should be in-be-
tween A and B in terms of attractiveness.
In evaluating these three gambles, sub-
jects can give six possible rankings, which
Coombs reduced to three basic classes,
namely monotone orderings (ACB or
BCA), folded orderings (CAB or CBA), and
inverted orderings (ABC or BAC). Only
the first of these, the monotone ranking,
is consistent with EU. Of the 520 rank-
orderings Coombs examined, 54 percent
were monotone, 27 percent folded, and
19 percent inverted, suggesting that
nearly half the subjects violated the in-
betweenness axiom. Similar violations had
been observed earlier by Becker, Morris
de Groot, and Marschak (1963).

The third axiom, which assumes invari-
ance of preference between certainty and
risk when other things are equal, was ex-
amined by Kahneman and Tversky (1979)
as a generalization of Maurice Allais’
(1953) well-known paradox. They ob-
served a so-called certainty effect accord-
ing to which outcomes obtained with cer-
tainty loom disproportionately larger than
those which are uncertain. As an example,
consider the following two-choice situa-
tions:

Situation A: (la) a certain loss of $45.
(2a) a .5 chance of losing

$100 and a .5 chance of

losing $0.

a .10 chance of losing

$45 and a .9 chance of

losing $0.

(2b) a .05 chance of losing
$100 and a .95 chance of
losing $0.

Situation B:  (Ib)

Most subjects preferred (2a) to (1a) and
(1b) to (2b) which violates EU since the
former implies that U(—45) < .5U(—100)



